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ABSTRACT

The thesis examines the expansion of military aircraft production in response to the
rearmament programmes of the later 1930s and during the early years of the Second
World War.

It begins with a general survey of British aircraft manufacturing in the inter-
war period, focusing on the technical and productive capacity of the industry prior
to rearmament, and on government thinking about wartime expansion. Subsequent
chapters examine Air Ministry production policy, airframe and aero-engine
production, manpower supply and utilisation, finance and investment, and contractual
relations between state and industry. The final chapter is concerned with the
mobilisation of the aircraft industry on the outbreak of hostilities in 1939, the revision
of pre-war development and production programmes, the emergency measures of
1940, and the formulation of longer-term plans for the remainder of the war.

The British aircraft industry of the mid-1930s was no less experienced in
production matters than its foreign counterparts. British airframes were, however,
technically backward in certain respects, and attempts to advance the pace of technical
development complicated the task of expansion between 1935 and 1938. Thereafter,
British aircraft production accelerated rapidly, and large-scale expansion plans
involving both the professional industry and other engineering sectors ensured that the
growth of output was sustained after the outbreak of war. At the same time
manufacturing methods were improved, large numbers of unskilled workers were
recruited, and a pricing mechanism was developed which encouraged greater

productivity. The industry was not organised purely for mass production; it retained
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a high degree of flexibility which was essential if an effective balance was to be

struck between the quality and quantity of aircraft. Nevertheless, high levels of
output were achieved not only by allocating additional resources to aircraft

production, but by improving the efficiency with which resources were employed.
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INTRODUCTION

This is both a military and an industrial history. It is a military history insofar as it
examines state armaments procurement policy. But it is also intended as a
contribution to the history of the armaments manufacturing industry. Its subject is
one of the largest state-sponsored industrial enterprises in British history: the
expansion of the aircraft industry in the rearmament years of the late 1930s.

It is not the first history of the expansion of the aircraft industry, but it is the
first to be devoted entirely to that subject. The official civil histories of the Second
World War were more concerned with state policy than with the performance of
industry. Moreover, they dealt with each different aspect of state policy in relation
to the armaments industry as a whole. Other works have examined the relationship
between the airframe industry and the state, and the military aspects of British air
policy between the wars. Studies have also been made of the political and financial
consequences of rearmament. But no individual survey of aircraft production in this
period has ever been prepared. So this account fills a gap in the history of both air
rearmament and the aircraft industry by examining state production policy, industrial
production, employment and finance in the context of that industry alone. It also
differs from most earlier works by making extensive use of the aircraft industry’s
own archives and those of its trade and employment organisations.

For many years a clear contradiction existed between the popular perceptions
of the success of the wartime aircraft economy and the reality of Britain’s protracted
decline as an industrial country. Success in a technologically advanced manufacturing

sector appeared entirely inconsistent with the general picture of industrial failure.
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More recently Correlli Barnett has attempted to reinterpret the history of wartime

aircraft production in the light of this failure. Given the fact of Britain’s post-war
economic decline, it is argued, the aircraft industry could nbt have been as successful
as historians had previously thought. The deficiencies of wartime aircraft production
were ultimately of much greater historical significance than the achievements, for they
were caused by the same structural weaknesses that have progressively undermined
Britain’s industrial vitality in the 20th century.!

Yet for two reasons the twin questions of continuity and discontinuity are
much more complex than this argument suggests. Firstly, the circumstances in which
industry has to operate in wartime are often very different from those obtaining in
peacetime. War may impose many of its own constraints on industrial production,
but conversely wartime conditions may also offer solutions to problems which might
not so easily be solved in peace. There is, for example, more scope for co-operation
between different companies and between management and labour than might be
expected in peacetime. Moreover, in wartime the role of the state assumes a critical
importance. The effectiveness of the official procurement apparatus can make an
enormous difference to the performance of the industrial enterprise as a whole.

Secondly, the declinists’ view of unmitigated post-war industrial failure is
consistently overstated. Had the performance of British industry been as universally
discreditable as they believe the economy would almost certainly have collapsed
altogether. It has not done so. It has declined relatively but not absolutely, and such
important statistical indicators as the balance of payments have, for much of the post-
war era, been tipped into the red not by economic weakness but by high government

spending overseas.?
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It may be, however, that some sectors of British industry have performed
better than others, and there are good reasons why the aircraft industry should have
been among the more successful. Throughout its history it has received more
generous state support than any other sector of manufacturing industry. It has always
employed a disproportionately high number of trained scientists, technicians and
engineers. And it has enjoyed unusually close relations with foreign companies, from
the earliest years of its existence, when technology flowed freely between the
aeronautical powers, right up to present with its multi-national collaborative aerospace
ventures.’

In short, the fact that Britain has declined relatively as an industrial country
in the 20th century does not in itself prove that the wartime aircraft economy was
very inefficient. It is all too easy in the context of Britain’s post-war economic
problems to explain why Britain did not produce more aircraft during the war. It is
much more difficult to show how British industry managed to produce as many
aircraft as it did. The objective here is to resolve precisely that paradox.

Air rearmament did not begin in 1935, and the expansion of the aircraft
industry did not come to an end in 1941, but the 1935-41 period nevertheless
suggested itself for several reasons. 1935 was the year in which the first major
rearmament plan, Scheme C, was launched by the National government. Scheme C
was the first plan to affect the entire aircraft industry, to necessitate a general
expansion of industrial capacity and to order, albeit in small quantities, aircraft
incorporating the radical new technology of the all-metal monoplane. 1941 was the
target date for the single most important aircraft rearmament plan - the ‘War

Potential’ programme. The War Potential programme was initiated in 1938 with the
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aim of giving Britain the capacity to produce 2,000 aircraft per month by the end of

1941. Until the programme was sanctioned British aircraft production essentially
entailed rearmament ‘in breadth’ by providing for the creatioﬁ of a particular Royal
Air Force (RAF) first-line strength by a particular date. But the War Potential
programme provided a basis for planning aircraft production in much greater depth
and for developing a comprehensive state production organisation. Just as the
programme was nearing its completion a new bomber production plan was launched.
From then on, as Sir Alec Cairncross has recently written, ‘the shape of the aircraft
programme was set for the rest of the war’.*

Yet the rearmament years cannot be artificially segregated from the inter-war
period as a whole. The first chapter therefore surveys the history of the aircraft
industry and of state procurement policy between 1918 and 1935, and focuses on the
industry’s structure, its profitability, the volume of its operations and its technical
competence. The Air Ministry’s thinking on wartime industrial mobilisation is also
analysed. Chapter 2 examines the Air Ministry’s production organisation and policy
between 1935 and the outbreak of war, and identifies two main phases of policy
making. In the first, from May 1935 to March 1938, the aims of air rearmament
were strictly limited. During the second, from March 1938 to September 1939, the
expansion plans were extended to provide a substantial war potential. As the scale
and complexity of the aircraft programme increased, the Air Ministry was forced to
accept formidable new administrative burdens.

The airframe industry was the largest single sector of the aircraft industry,
with responsibility for both designing and assembling complete aircraft, and for

manufacturing airframes. Chapter 3 considers the industry’s response to air
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rearmament. It argues that technical standardisation was an essential prerequisite to
quantity production, and that delays in achieving the necessary degree of
standardisation were primarily the result of the technological revolution in aircraft
design - the replacement of the biplane by the monoplane - which occurred in the
mid-1930s. This chapter also assesses the scale of investment in new factories and
plant, and examines some of the new design and production methods introduced by
the industry to cope with the growing volume of production.

Chapter 4 deals with the single most important sector of the industry - the
aero-engine sector. Here the problem of technical change, though challenging, was
less acute than in the airframe sector. But the pressure of large-scale production did
force aero-engine firms like Rolls-Royce to reorganise themselves and led the
government to seek the assistance of the motor car industry to achieve the necessary
multiplication of output. This account draws extensively on industrial sources to
consider the relationship between rearmament and corporate modernisation, and to
describe how the productive base of the professional aero-engine companies was
enlarged by transplanting technology and specialised manufacturing processes from
one industry to another.

Chapters 5 and 6 focus on two particular industrial resources - manpower and
finance. The aim in chapter 5 is to assess the adequacy of manpower supply, and the
extent to which deficiencies in supply could be surmounted by improvements in
utilisation. Chapter 6 provides an account of the aircraft boom - the remarkable
stampede for aircraft shares which provided much of the capital required by the
industry during the early stages of expansion. It also examines the role of the state

in financing aircraft production, contractual relations between the state and the aircraft
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industry, and the search for a contractual formula which both controlled costs and
encouraged higher output.

The Air Ministry’s war production plans were necessarily devised on a
somewhat hypothetical basis. So it was inevitable that pre-war assumptions about the
pace of industrial mobilisation and the direction of technical development should have
been reconsidered in the light of combat experience. Chapter 7 describes the
administrative changes and the planning and investment decisions implemented during
the first two years of hostilities to adapt the aircraft programme into a form better
suited to wartime requirements. It also surveys the progress of production, the
constraints on output, and the efforts of the state and the aircraft industry to improve
the efficiency with which resources were employed. Finally it assesses the
effectiveness of the structure and organisation of the wartime aircraft industry.

This story was, throughout, dominated by one fundamental truth: that the
emergency expansion of an advanced manufacturing industry involves scientific,
managerial and engineering problems of quite extraordinary complexity. Few
historians are professionally qualified to comprehend or explain these issues
adequately. Yet to write an industrial history without the necessary degree of
scientific understanding is to risk interpretive error. My aim has been to seek
precise, technical, explanations to the industrial problems encountered during the
rearmament years, and not to ascribe them to some kind of deep-seated national
antipathy to industry and technology, or to such ill-defined concepts as managerial
inefficiency or Air Ministry conservatism. It is for this reason more than any other
that my conclusions differ from those reached in most previous histories of British

military aircraft production.
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HAPTER 1

BRITISH AIRCRAFT PRODUCTION BETWEE WAR

The British aircraft industry was born in the decade preceding the outbreak of the
First World War. Short Brothers and Handley Page were formed in 1908, Blackburn
and A.V. Roe in 1910, Sopwith and British and Colonial (which later became Bristol)
in 1911. Established armaments manufacturers like Vickers and Armstrong
Whitworth also began designing and building aircraft in this period. Although private
flying was initially the most important source of demand, the armed services’ growing
interest in the military potential of aviation led them to place substantial orders
between 1912 and 1914, and at the start of the war the naval wing of the Royal
Flying Corps (RFC) had a total of 93 heavier-than-air craft, while the military wing
had 179. Thereafter, service requirements resulted in a dramatic expansion of
industrial capacity and output. A five-fold increase in aircraft employment occurred
between October 1916 and 1918. Monthly production rose from about ten at the
beginning of the war to 2,500 in 1918.!

After the armistice military demand inevitably contracted, yet the newly
formed RAF continued to provide a market for the vast majority of aircraft produced
in Britain in the inter-war years. RAF procurement was presided over by the
equipment and technical development directorates of the Air Ministry’s Department
of Supply and Research and by the contracts directorate of the ministry’s secretariat.
During the 1920s the ministry adopted a policy of rationing design contracts between

fourteen different airframe firms, eleven of whom were wholly or predominantly
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dependent on the Air Ministry for their survival. The intention was to maintain a
nucleus of technical and productive capacity which could be expanded in time of war,
to improve design through competition, and to prevent contractors from demanding
excessive prices for their aircraft.

This chapter examines the consequences of the Air Ministry’s policy. How
did it affect the industry’s structural characteristics, its profitability and the volume
of its operations? How satisfied was the Air Ministry that a sufficient basis for
wartime expansion existed? And how did Air Ministry patronage influence the design

and production techniques employed by the aircraft industry?

1. The Aircraft In Aircraft Pr tion, 1918-

(1) _The ‘Lean Years’

In the history of the British aircraft industry it is usual for the period between the end
of the First World War and the beginning of rearmament to be characterised as the
‘lean years’.? During the war the industry was, of course, extremely profitable.
Sopwith, the most famous firm of all, emerged in 1918 with reserves totalling more
than £1 million. Yet the post-war contraction of demand was accompanied by
exceptional financial insecurity. Half of Sopwith’s reserves were given up in excess
profits duty, and the firm was finally pushed into liquidation following a disastrous
effort to diversify its activities.> Companies like Handley Page, which attempted to

join the automobile industry after the war, were likewise hit by the recession of
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1920-21. Efforts to promote foreign sales and to launch an air transport service

proved equally fruitless, and the losses incurred by Handley Page from these activities
totalled £606,000 in 1920.* Excess profits duty forced Martinsyde and the Aircraft
Manufacturing Company out of business, and British and Colonial only managed to
avoid the duty by transferring its assets to the Bristol Aeroplane Company.’

Many firms from outside the professional industry had been drawn into the
aircraft economy during the Great War, but the depressed post-war market for aircraft
persuaded the majority to return to their former activities. Some design firms also
contemplated a complete cessation of aircraft work. The board minutes of Sopwith
Aviation record that in October 1919 ‘consideration was given to the advisability of
the company totally abandoning aircraft.” However, ‘it was agreed that although the
market for aircraft during the next few years was likely to be small, if this company
abandoned aircraft now it would be impossible to take it up again in the future. It
was therefore resolved to continue designing and experimental work’. By the time
Sopwith went into liquidation in 1920, Hawker Engineering Ltd. had already been
formed to continue with Sopwith design and manufacture.®

Following the government’s decision in 1923 to create a 52-squadron home
defence force the aircraft industry moved from what Professor Higham has described
as ‘demobilisational instability’ to ‘peacetime equilibrium’, and the Air Ministry
adopted its policy of rationing work between different contractors.” No accurate
figures exist for total British aircraft production until the year 1930, when 1,456
airframes were built, but Air Ministry orders, which included aircraft ‘exported’ to
RAF overseas commands,® averaged 646 aircraft per year between 1923 and 1930

(see table 1).



Table 1. British Aircraft Production, 1924-35
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Year Total Air RAF Home Exports Total UK
Ministry Commands Production
Orders Orders
A B C D
1924 563 - 188 —
1925 448 -—- 148 —
1926 805 - 150 —
1927 392 - 140 -
1928 835 495 358 ---
1929 615 573 525 -
1930 864 855 317 1,456
“ 1931 - 728 304 -—
" 1932 445 300
1933 - 633 234 -
1934 652 - 298 1,108
1935 893 - 453 1,807

Source: (A) PRO AIR 2/1322; PRO AIR 19/524, 1934-35 figures for deliveries to

the Air Ministry; (B) M.M.. Postan, British War Production, 5; (C) Annual
Statements of Trade of the UK; (D) Census of Production (1930 and 1935).



Table 2. Air Ministry P

ments (in £000) to Aircraft Firms
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Airframe firms receiving less than £1.8 million between, 1923-30 "

Year 1923 [ 1924 | 1925 | 1926 |1927 | 1928 | 1929 | 1930 “
BoultonPaul |65 |70 [33 |33 |34 |92 |124 |e0 "

l Gloster 90 [300 |232 |34 [197 [166 [108 |80 |
HandleyPage |71 |64 |152 |167 |188 [172 |155 | 205
Saunders 39 49 32 86 30 24 20 20

" Airframe firms receiving more than £1.8 million, 1923-30
Year 1923 | 1924 [1925 | 1926 [ 1927 | 1928 [ 1929 | 1930
Short 9 |71 |15 [109 [s6 |51 [s53 |19
Armstrong Whit. |77 |92 [121 |195 [330 |413 |4a19 |467
Blackburn 208 321 [209 [250 |145 |194 [226 [281
Bristol Airframe | 201 | 371 |346 |237 |151 |243 |157 |276
Hawlker 190 [217 336 |408 |[216 |86 |[123 |37
A.V. Roe 20 [281 345 [279 261 [131 |99 [1m2
Supermarine 120 [97 |167 |308 |[308 [260 |332 |248
Westland 115 (14 142 |166 |64 |27 [s513 |s36




Airframe firms with largest market share, 1923-30 I
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Source: PRO AIR 2/1322.

Year 1923 | 1924 | 1925 | 1926 | 1927 | 1928 | 1929 | 1930
Fairey 457 | 690 | 880 |545 |497 | 706 | 775 |915
Vickers 283 | 689 |493 493 | 420 | 416 | 522 | 395
Aero-engine firms
Year 1923 | 1924 | 1925 | 1926 | 1927 | 1928 | 1929 | 1930
Armstrong Sid. | 183 | 254 | 300 |263 | 601 |357 | 427 | 408
Bristol Engines | 149 | 174 | 158 | 152 |234 |338 |548 | 743
Napier 714 | 827 | 636 |427 | 631 | 676 | 858 | S95
Rolls-Royce 188 | 422 |[433 231 |403 |299 |248 |[459
—
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Tabl upermarine Profi an ital 1923-27
o P P P P T
Employed to Sales to Capital
’ 1923 137,683 37,485 58,002 42 154.5 ‘I
1 1924 192,525 52,642 68,371 355 130
’ 1925 175,565 59,236 32,579 18.5 55
1926 267,243 61,680 77,816 29 126
1927 403,868 232,664 111,935 27.5 48

Source: Vickers K757
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4. Net Profi f Five Air Firm
Westland Armstrong
Whitworth

1930 43,147 | 169,964 | 128715 |98946 | 169,905
1931 3,594 184,585 | 118,530 | 89,673 | 80,233
1932 8,135 198,510 | 11,933 | 19,808 | 17,560 "
1933 20441 | 115477 | 3,994 54078 | -1,235
1934 44500 | 47,034 | -2454 | -21,023 | 21,093
1935 77,803 39,113 | na 117,206 | 46,831 H

Source: Annual reports in The Statist, Handley Page archive and HSA, Armstrong

Whitworth Accounts.
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The records show that most of the military airframe companies received at
least £1.8 million from the Air Ministry in this period, and there is reason to believe
that it was possible to operate profitably on the basis of such receipts (see tables 2
and 3). Nevertheless, financial stability ultimately depended on success in
consecutive design contests. Competition was strong because of the Air Ministry’s
policy of maintaining so many different contractors, and the chances of failure were
correspondingly high. The problem was exacerbated by the tendency of some firms
to rely on the success of their existing designs at the expense of research and
development for the future. Hence Fairey Aviation, the most prosperous airframe
firm of the 1920s, went public in 1929 with a capital of £500,000 only to see its
profits fall sharply in the early 1930s (see table 4).

If the financial status of the industry as a whole improved after 1923, Air
Ministry payments to five contractors were substantially lower than the average. One
such firm was Handley Page, whose Air Ministry receipts grew steadily throughout
the period. Another was Gloster, which was paid £314,000 in 1926 and just £80,000
in 1930. But the receipts of Short Brothers, Saunders, and Boulton Paul were lower
still. These firms obtained little or no encouragement from the Air Ministry and only
survived by diversifying their activities and using the income from non-aviation
business to finance aircraft design and experimental work.” Between 1920 and 1930
Short built only 36 aircraft;'® Saunders’ average annual receipts from the Air
Ministry amounted to just £37,250 between 1923 and 1930; And though Boulton
Paul employed several thousand workers in 1925, only 150 were engaged in aircraft
manufacture.!' It is difficult to see such companies as serious contenders for the

military market. Yet as long as they continued to undertake experimental work they



27

could capitalise on any revival of air force demand whereas, as the Sopwith minutes
suggest, abandoning aircraft manufacturing at all meant abandoning it for good."

~The financial problems facing these firms were exacerbated by the transition
from wood to metal construction which occurred in the later 1920s. The new
construction methods involved an increased commitment to development and testing,
the acquisition of new machinery and changes in manufacturing processes, each of
which necessitated considerable expenditure. Saunders was taken over in 1927 and
made losses in the ensuing five years. Bt{ élen more affluent concerns like
Blackburn were forced to seek external financial assistance ‘as no shareholders had
offered to find additional capital during a critical period’. In consequence the
chairman, Robert Blackburn, lost his controlling rights on the board of directors,
though he regained them in December 1931 after an upturn in the demand for the
company’s aircraft.!

The aggregate domestic demand for aircraft remained relatively stable until the
beginning of rearmament, but production contracts were less evenly rationed during
the early 1930s than in the previous decade.’® The export market also contracted.
The number of aircraft exported fell from 525 in 1929 to 234 in 1933.' Moreover,
firms now became embroiled in another technical revolution: the replacement of the
biplane by the monoplane. A memorandum by the industry’s trade organisation, the
Society of British Aircraft Constructors (SBAC) noted that ‘since the transposition
from wood and metal machines to all metal machines, and since the development of
the art has required greater refinement and form, the cost of developing new
machines has rapidly increased.” A growing proportion of this expenditure was born

by the industry itself. The SBAC calculated that unrecovered expenditure on military
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research and development amounted to approximately 5 per cent of the industry’s Air
Ministry sales between 1930 and 1934." Yet in the absence of production orders
the all-important technical teams became, in the words of one industrialist, ‘an
unremunerative overhead charge’.!® Frederick Handley Page was unable to stop his
draughtsmen being poached by Vickers, who could afford to pay higher wages."”
Simultaneously the Air Ministry began to make detailed investigations of
aircraft costs using the Admiralty’s Technical Costs Branch, and while these estimates
were far from perfect they undoubtedly helped to reduce profit margins still
further.? Profits were also forced down by the Air Ministry’s practice of awarding
contracts to the cheapest bidders. Armstrong Whitworth, who produced Hawker’s
Hart bomber in the early 1930s, saw profits decline by 78 per cent between 1931 and
1932, and in the following three years the company made a loss. In November 1933
the chairman, Sir John Siddeley, sacked his general manager and launched an
exhaustive investigation into Armstrong Whitworth’s works organisation.?! Several
reforms were implemented, but in March 1935 Siddeley had still to inform his
directors that while ‘the works were fully occupied ... unfortunately the production
was not of a profitable nature’.”? Table 4 illustrates the financial problems

encountered by some of the aircraft firms in the years prior to rearmament.
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(ii) The Trend Towards Consolidation

For some aircraft companies, then, the 1920s and early 1930s were indeed lean years.
Yet their experiences were not representative of the industry as a whole. For the
most important feature in the industry’s inter-war history was a trend towards
consolidation which led a number of firms to expand their operations. Vickers
purchased Supermarine in 1928. The Armstrong Siddeley Development Company
(which included Armstrong Whitworth and Armstrong Siddeley Motors) acquired both
A.V. Roe and the aluminium alloy producer, High Duty Alloys, in the same year,
and was absorbed into the Hawker Siddeley group with Hawker and Gloster in 1935.

These firms increasingly dominated the military market. Of all the military
aircraft built for the Air Ministry between January 1933 and December 1935 78 per
cent were either produced by Vickers, A.V. Roe or Hawker, or else were designed
by Hawker and subcontracted to other firms, including Vickers and Armstrong
Siddeley subsidiaries.” By the early 1930s aero-engine manufacture was also
concentrated in the hands of two firms, Bristol and Rolls-Royce, and the private
flying market had been captured by de Havilland. An analysis of this process reveals
that aircraft manufacturing in the inter-war years could be a lucrative business, and
that there were some opportunities for the industry to gain experience in quantity

production methods.
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The Vickers-Supermarine Merger

Vickers Aviation was Britain’s largest inter-war aircraft manufacturer. Average
annual receipts from the Air Ministry,amounting to £464,000 between 1923 and 1930,
were chiefly derived from the manufacture of large bomber aircraft, but it was widely
held in the later 1920s that the future of large aircraft lay with the flying boat, and
in 1928 Vickers decided to gain access to this market by purchasing one of the
established flying boat firms. Enquiries revealed that Blackburn’s factories were ‘not
in a flourishing condition’, Short’s aviation work was too ‘intermixed with other
activities’, and Saunders wanted an unreasonable sum for its business.?

In certain respects, however, Supermarine did not represent a very much
better proposition. Vickers’ staff were critical of Supermarine’s works organisation
and observed that factory equipment was inadequate for the manufacture of the all-
metal seaplanes which Vickers wanted to construct. Wages at Supermarine were
higher than those paid by Vickers, and the ratio of unskilled to skilled labour was 1:3
whereas at Vickers it was 3:1. Very little progress had been made on metal
construction, and Vickers considered ‘that the Supermarine company have a difficult
and expensive period before them ... involving as it does experimental work, new
designs, rearrangement of shops and ideas, and the installation of new plant before
producing a commercial design at a price compatible with wood.’®

Hence the proposed purchase was hardly attractive from the manufacturing
standpoint. When the question of profitability was addressed, however, an entirely
different picture emerged (see table 3). Supermarine was in fact extremely profitable,

though the company’s receipts in this period were no greater than those of the
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majority of airframe firms. ‘The position of Supermarine is typical of all aviation

businesses’, Vickers Aviation’s managing director, Sir Robert McLean, observed.
‘They rely upon designing acceptable new types for the Air Ministry and when they
succeed the profits are very large; when they fail it is still the policy of the Air
Ministry to keep them alive’. Vickers’ report noted that ‘the average capital
employed is small as the business has been conducted very largely with borrowed
money.” The issued share capital was increased from £13,500 to £250,000 in 1927,
but of the additional capital only £1 was received in cash. £236,500 was provided
by the capitalisation of undrawn profits and by ‘writing up’ new fixed assets which
had been purchased on exceptionally favourable terms.2

Vickers was convinced that Supermarine’s profitability could be maintained,
or even increased. The change from wooden to metal construction would allow the
work-force to be diluted and labour costs to be cut. Production expenses could be
further reduced by simplifying design. There was some scope for staff reductions and
for co-operation between the Vickers and Supermarine design teams. ‘The two
organisations’, McLean wrote, ‘should supply us with a strong and progressive design
staff, and we should be in a position to compete in all aircraft markets open to British
machines.’ Plans were ready for a three-engined flying boat to replace Supermarine’s
existing model. ‘If Supermarine succeeds the business is assured of handsome profits
for some seven years.’”

In fact Supermarine’s average turnover in the five years prior to rearmament
was 35 per cent higher than between 1923 and 1927.2 Percentage profits were
reduced by competitive tendering for subcontracts, but this encouraged the company

to improve its efficiency. In December 1931, for example, Supermarine reported that
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‘although there is a substantial reduction in the number employed in the works,

improved production facilities have enabled us to increase ... the output of work for
1931 as compared with the previous year.’” Vickers’ turnover also increased. In
the five years prior to rearmament annual sales averaged £580,000.3° Relatively
high levels of output and investment enabled the company to employ a very much
larger proportion of unskilled workers than many other aircraft firms and to achieve
a significant reduction in manufacturing costs.>!

Vickers and Supermarine were not jointly managed for financial reasons alone,
for they sometimes pooled their design resources. Hence Vickers’ Wellington
bomber, which was produced in larger numbers than any other British bomber during
the Second World War, benefited from design experience gained from both
Supermarine’s Stranraer flying boat and Vickers’ Wellesley general purpose
aircraft.> The firms were also supplied with substantial funding for research and
development by their holding company. A grant of £250,000 was provided for this
purpose in 1929 after which, McLean later recalled, there were ‘no financial worries

at all.”®
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The Formation of Hawker Siddeley

For Vickers, aircraft manufacturing in the inter-war years was a sufficiently attractive
commercial proposition to justify expansion. However, profit played a rather
different part in the formation of the Hawker Siddeley group in the early 1930s.
Hawker’s position in the previous decade had been somewhat unstable, but the
subsequent success of the company’s designs led to a rapid revival in its fortunes.
Tumover reached £1 million in the year ending March 1935.3 Profits increased in
every year between 1931 and 1937, and during the early 1930s averaged as much as
28 per cent on Air Ministry sales.”® Yet with so many different firms in the
airframe industry it is hardly surprising to discover that Hawker also resorted to other
tactics to overcome competition.

In the last months of 1930 it became clear that Air Ministry requirements for
the Hawker Hart bomber during the following year would over-burden Hawker at the
expense of several other contractors. The mmistry therefore proposed to invite
competitive tenders for the available contracts. The industry had consistently opposed
this policy during the late 1920s, and in November 1930 the SBAC approached the
Member of the Air Council for Supply and Research (AMSR) seeking a conference
on the general question of subcontracting, the term used by the SBAC for competitive
tendering. Richard Fairey, of Fairey Aviation (Hawker’s foremost competitor)
suggested that the Air Ministry should order two types from each operational class,
in order to maintain design staffs. Frederick Handley Page likewise argued that
technical development would only progress if firms were allowed to produce their

l’\mwc/ N

own designs. Bﬁt'ﬁle Air Ministry, \!lad no illusions about where the real pressure
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against competitive tendering was coming from. On 27 March 1931 the Air Council

minutes noted that ‘Messrs. Hawkers ... had induced the Society of British Aircraft
Constructors to support them by making representations against the whole principle
of subcontracting.’%

The conference took place later that month with Fairey, Sir Robert McLean
of Vickers and Thomas Sopwith of Hawker in attendance. The industrialists
presented a united front against competitive tendering, denied that it was an economic
method of purchase, and suggested that the Air Ministry should either order two
designs from each class, or place the responsibility for subcontracting with the
designing firm. The Air Ministry was, however, under pressure from Parliament to
reduce prices through competition, and in the following month it was decided to
invite tenders for the Hart.”

The apparent solidarity within the SBAC crumbled immediately. A price of
£3,160 per aircraft had been paid to Hawker for the first Hart production contract.
The firm’s lowest quotation was £2,300. Vickers now tendered for £1,800 and won
the contract. In July Sopwith was still arguing ‘that his firm employed a considerably
larger proportion of fully skilled workers than Messrs. Vickers [and] could not
contemplate making ‘Harts’ at the Vickers price’.® fmax;:;;):équent contracts
undertaken by Vickers and Armstrong Whitworth saw the price fall still further to
£1,475. In May 1933 the Secretary of the Air Ministry, Sir Christopher Bullock,
recorded that ‘the result of our firm insistence on contracting out on that occasion has
been, directly and indirectly, to save the public purse a sum running into something
like £1 million ... Though Messrs Hawker must have full credit for a high degree of

technical competence ... I consider that they have been amongst the worst profiteers
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in the industry’.®

There can be no certainty that Hawker’s subsequent actions were motivated
by the price-fixing disputes of the early 1930s. The formation of the Hawker
Siddeley group occurred at a time of escalating demand and of unprecedented
enthusiasm for aviation in financial and industrial circles. Moreover, the decline of
former market leaders like Fairey and Napier served as a warning to the more
successful firms that the Air Ministry could always switch its patronage to other
companies, and one means of preventing this was to buy the other companies out.
Yet in Britain the process of industrial concentration has traditionally been motivated
by financial considerations. Following the SBAC’s failure to protect their interests
in 1931 and further disagreements with the Air Ministry in 1933, the Hawker
directors apparently concluded that their trade organisation would never bargain
effectively while the industry remained fragmented.

However, commercial success allowed Hawker to expand its operations. In
1933 a new public company, Hawker Aircraft Ltd., was established with an issued
capital of £787,000. In the following year Hawker purchased Gloster Aircraft. In
January 1935 issued capital was increased by £100,000, and in July the formation of
Hawker Siddeley Aircraft brought together the two Hawker firms and the entire
Armstrong Siddeley Development Company.*® The next logical step was a merger
with Vickers and Supermarine; seven of the industry’s most important firms would
then have been controlled by one holding company. An approach was made at the
end of 1935, and while the idea of outright purchase was instantly dismissed,
consideration was given to a co-operative agreement under the terms of which several

Hawker Siddeley directors, including the Managing Director, Frank Spriggs, would

~
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have joined the boards of Vickers Aviation and Supermarine.

Some Vickers directors may have been attracted by this idea, but to Sir Robert
McLean it was unacceptable. ‘The Hawker Siddeley directors who would come on
to the board were absentee directors plus an accountant with small appreciation of the
technical problems involved’, he wrote. ‘The burden of management would fall
largely on Vickers ... It had been represented to Vickers ... that the resulting group
would carry greater weight with the Air Ministry’ but McLean felt that ‘the Air
Ministry would take the view that so powerful a group would be able to grow through
lean years without Air Ministry help, and that the Air Ministry would tend to abandon
it to its fate.*!

Vickers’ rejection and, perhaps, the impracticability of competitive tendering
after 1935 ended Hawker Siddeley’s quest for further amalgamations in the pre-war
years. Nevertheless, a substantial concern had been created involving, in Hawker and

A.V. Roe, two of the most experienced British aircraft constructors.

nsolidation of Aero-Engine Production

A tendency towards consolidation is also apparent in the aero-engine industry in the
years prior to rearmament. Military aero-engine manufacturing in inter-war Britain
was largely undertaken by four firms, Armstrong Siddeley, Napier, Rolls-Royce, and
Bristol. After fluctuating in the mid-1920s, Armstrong Siddeley’s aero-engine sales
remained relatively stable until the beginning of rearmament. A market was

maintained by airframe firms within the Armstrong Siddeley group like A.V. Roe,
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who designed the successful Tutor trainer around an Armstrong Siddeley power plant.

I%%r‘;’nstrong Siddeley failed to make a strong enough commitment to research and
development, and its engines were rarely selected for first-line aircraft during the
1930s.4

The same mistake was made by Napier. Napier’s Lion engine dominated the
military market until 1930. Air Ministry payments to the company from 1923 to
1930 totalled £5.4 million - more than twice the sums paid to Bristol, Armstrong
Siddeley and Rolls Royce. In the same period annual profits averaged £190,000.
Guilt-edged investments totalling almost £1 million had been accumulated by 1927.
The company was, quite literally, embarrassed by the scale of its earnings. Yet it
was unable to find a successor to the Lion, while competitors like Bristol and
Rolls-Royce were engaged in the development work which eventually produced
engines like the Pegasus and the Kestrel. Consequently, Napier’s position
deteriorated rapidly during the early 1930s. Having declared profits higher than those
of any other public aircraft company in 1929, earnings were halved between 1930 and
1931, and in 1933 the Napier made a loss.*

The decline of Armstrong Siddeley and Napier had one positive side-effect in
that it illustrated the importance of an aggressive approach to research and
development. When, at the height of its prosperity, Napier was invited by the Air
Ministry to develop a new engine similar to the American Curtis D-12, the company
refused, and Rolls-Royce took on the work instead. The result was the Kestrel
engine, which established Rolls-Royce as one of Britain’s foremost military aero-

engine manufacturers in the early 1930s. Between 1930 and 1934 Rolls-Royce

produced a total of 1,882 engines. Gross aero-engine profits in the same period rose



38
from £177,000 to £597,000; they may well have been used to subsidise the

company’s motor car division.*

Rolls-Royce was overwhelmingly dependent on the military market. Bristol,
on the other hand, was both a military and civil manufacturer. The company’s
Jupiter model was one of the most widely used acro-engines in the world in the later
1920s, but it also provides one illustration of how contemporary trading practices
served to limit the size of even the most successful British aircraft manufacturers
before rearmament. Between 1921 and 1928 eight times as many engines of Bristol
design were produced in Europe as of any other one design. A total of 7,100 Jupiters
was eventually produced. Yet it is possible that only a minority was built in Britain,
for large numbers were manufactured abroad. Licences for this purpose were sold
to no fewer than seventeen different countries. At the end of 1932 the Jupiter was
succeeded by the Pegasus and the Mercury, and during the following two years
production of these engines totalled 1,000, many of which were exported.*

By the onset of rearmament Napier had virtually no work and the future of the
company had become a matter of serious concemn to the Air Ministry.*’ Nearly all
RAF first-line aircraft were powered by Rolls-Royce and Bristol engines, and both
firms were developing new engines like the Merlin, Perseus and Taurus, which

eventually entered service in the later 1930s.
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Consolidation in the Civil Market: de Havilland

One consequence of the RAF’s control over the bulk of the inter-war aircraft market
(and the resulting emphasis on military aircraft design) was that many British
contractors neglected an important alternative source of demand - the private flyer.
The military market therefore remained divided between a relatively large number of
contractors, while the private market became the virtual monopoly of de Havilland.
The maximum production of any single de Havilland model during the early 1920s
was just seventeen, but the introduction of the ‘Moth’ for the private flying market
resulted in a dramatic change in the company’s fortunes. 1,762 Moths were built in
Britain alone. Production on this scale provided de Havilland with the opportunity
to introduce far more efficient manufacturing methods than those previously
employed. The first fuselage jigs used for Moth production cut assembly time from
one week to just one day.*

The aero-engines then available in Britain were generally too large and too
expensive in terms of price and operation to be suitable for private aeroplanes. So
de Havilland began designing and manufacturing cheaper small-capacity engines for
installation into their aircraft.*” To fund the expansion of business, capital was
increased from £50,000 in 1924 to £400,000 in 1929, and more than £155,000 was
spent on new buildings and on plant and machinery which included high-precision
machine tools for aero-engine work.’® Yet despite de Havilland’s successful
exploitation of the civil market and the enormous international demand for the
company’s products, average annual sales between 1930 and 1934 only amounted to

approximately £500,000 (see table 5), which may be compared to Vickers Aviation’s
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annual average of £580,000 in the same period from a 100 per cent military (and

predominantly British) market.”® 1In fact, like Bristol, de Havilland’s total
production was limited by the common practice of licensing aircraft manufacture to
foreign companies. Both France and Norway were granted licences to build de
Havilland products, and an agreement was made with the Wright Corporation for the
production of de Havilland engines in the United States in 1928. Subsidiary
companies, such as de Havilland Australia and the Moth Aircraft Corporation of
America, were also established in the later 1920s. Total U.K. production of de
Havilland civil aircraft numbered at least 3,200 from the commencement of Moth
deliveries to the outbreak of war in 1939, but the numbers would have been very

much greater had so many of the company’s aircraft not been built abroad.
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Table 5. de Havilland Sales (£), 1924-35

Year Sales T;r _S_a.l:s

1924 138,495 1930 543,888

1925 187,060 1931 487,141

1926 222,902 1932 376,588

1927 299,022 1933 523,078

1928 387,102 1934 607,713

1929 676,529 1935 1,018,318 INI

Source: HSA, de Havilland accounts.
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During the Second World War responsibility for producing the key operational

aircraft designs was shared by the professional aircraft firms and engineering
companies from the electrical and automobile industries. ,Bﬂt(ﬁe most important
professional firms, measured by their total wartime output, were Vickers, Hawker
Siddeley, Rolls-Royce, Bristol and de Havilland. At the beginning of rearmament
these firms already dominated the market. Judged by the standards of aircraft
companies in other countries, they were large concerns. They employed a total of
22,000 people (66 per cent of British aircraft employment) in September 1935, and
produced the vast majority of British aircraft and aero-enginesjvery profitably.

It is sometimes implied that the task of pre-war and wartime expansion would
have been easier had these firms gained more production experience prior to
rearmament.* This can only be a matter for conjecture, but the implicit assumption
that the health of the inter-war aircraft industry can be measured by the volume of its
operations is somewhat misleading. British aircraft production increased steadily
between the mid-1920s and 1935, when Britain actually produced more aeroplanes
than the United States.”® Insofar as the number of aircraft imported into Britain was
negligible, the only scope for any further expansion of demand lay in the export
market. Yet rather than exporting aircraft, British firms often preferred to licence
their products to foreign manufacturers, and licensing agreements were sometimes
insisted on by foreign governments as a condition of purchase.*

In short, the foreign demand for British aircraft did not necessarily translate
itself into production contracts for British aircraft companies. Given the market open
to the industry and the trading practices of the period, it is doubtful that even the

largest firms could have grown much further before the commencement of
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rearmament. In any case, the emergence of these same companies as the key wartime

contractors suggests that they were not unprepared by qualification or experience for

the problems of war production.

2. The Air Mini and Mili Aircraft Producti

The adequacy of overall capacity for both peacetime and wartime production was, of
course, chiefly the concern of the Air Ministry rather than the aircraft firms. The Air
Ministry’s views on the strength of the peacetime industry changed as the trend
towards consolidation became more pronounced in the early 1930s, but in the
immediate aftermath of the Great War the industry’s problems caused considerable
disquiet in official circles. In 1918 British aircraft production had averaged 2,500 per
month, but the post-war contraction of the industry greatly reduced its capacity. By
1924 the Air Ministry’s Department of Supply and Research was estimating that the
industry might produce just 55 aircraft in the first month of a war. Total
requirements for the first year of hostilities were estimated at 25,000, but although
this number had been exceeded in 1918 it was thought that double the effort would
now be needed to achieve the same result, owing to the increasing complexity of the
aircraft in service.” P
Losee (KM( Aat

In the aero-engine sector the shortfall was even greater. }(9/ million

horsepower had been produced by the aero-engine industry in 1918. By 1925 the Air

Ministry’s requirements for the first year of a war were equivalent to 15 million

horsepower, and the responsible director of aircraft inspection was warning that ‘the
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steady increase in output per engine unit which has persisted since the war period ...
has most seriously reduced the possibilities of sudden expansion.’ It was thought that
Rolls-Royce, one of the largest wartime suppliers, might produce the equivalent of
one million horsepower in the first year of a war.%®

When the Air Ministry realised the extent of this deficiency a lengthy inquiry
was instigated into the whole issue of war production. The investigation took place
in the aftermath of the so-called ‘demobilisational instability’ period, and detailed
attention was given to the difficulties facing the firms at that time. It soon became
clear that the effectiveness of wartime expansion would be critically influenced by the
health of the peacetime industry. In an interim report to the AMSR, the Air
Ministry’s Principal Supply Officer (PSO) argued that there were too many firms and
too many different types of aircraft: ‘It is a matter for consideration ... whether the
available money ... is better spent by spreading contracts over as great a number of
firms as possible, or whether the better policy would not be to concentrate on a
smaller number of those approved and tried in the past ... This alternative would at
any rate have the effect of improving the financial status of those selected, of enabling
them to retain their staffs and operatives on a more permanent basis, and of causing
a greater evenness of pressure in output.’>

It was also recognised that official procurement procedures were causing the
industry to employ inefficient production methods. New types of aircraft were often
ordered before they had passed out of the experimental stage, and were then
constantly modified while in service. Deliveries were called for which were
frequently impossible or, if not impossible, sufficiently urgent to prevent production

from being organised scientifically. And the annual estimates were prepared in a
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manner which resulted in peaks and depressions in the work which the firms had to
do, which in turn increased production costs. The Air Ministry’s Supply staff argued
that a longer-term production programme was needed. ‘Without this careful planning
any attempt to approximate to Mass Production methods with an eventual saving in
time and cost, or to plan for war production with a certainty of requirements being
forthcoming, will be defeated.’®

There were also complaints about the Air Ministry’s research and development
organisation. The Directorate of Technical Development (DTD) was accused of
‘fostering its activities at the expense of the squadrons in the matter of their
equipment’.® It was argued that the standard of construction and the specifications
of material demanded by the Air Ministry were too high and that contractors were
required to install an excessive variety of different equipment.®> By January 1926
the PSO had concluded that ‘the aircraft industry in itself, with every circumstance
in its favour, would fall short of requirements by at least 60 per cent in the case of
aircraft for the major emergency and by, at least, 80 per cent in the case of
engines.’®

Responsibility for aircraft research, development and production rested with
the AMSR, Air Chief Marshal Sir Geoffrey Salmond. Salmond was more
sympathetic to the DTD than were his supply staff, and he doubted the wisdom of
concentrating Air Ministry orders on a small number of proven manufacturers,
suggesting that the ministry would ‘be in danger of being faced by a trade combine
as regards prices’.®* In both 1924 and 1925 he therefore rejected proposals to
reduce the number of Air Ministry contractors. Nor did he initially see any scope for

implementing other radical reforms in procurement procedure. The immediate
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pressure to re-equip the squadrons was, he argued, too great, though he hoped for

more stability in the long term.5

By the following year, however, so much attention had been drawn to the
unsatisfactory position of the aircraft industry, and to its dangerous implications for
war production, that he became convinced that drastic action was necessary. The
PSO was recommending a complete revision of procurement policy. A five-year
re-equipment programme would be adopted for each class of aircraft; only one design
for each of the ten service classes would be ordered; the existing number of military
airframe contractors would be reduced to twelve; and those firms whose designs were
selected would become ‘master production firms’ for each of the ten classes for the
next five years.% To these proposals Salmond gave his unequivocal support. In
passing them to the Chief of the Air Staff (CAS), Air Chief Marshal Sir Hugh
Trenchard, Salmond pointed out that they dealt with the whole problem economically
by providing a regular flow of production orders to the aircraft firms, and thus the
maintenance of those firms in a stable financial position. The innumerable problems
caused by the multiplicity of designs in service would be eliminated and the cost per
aircraft reduced by as much as one-third."’

Believing that war production would be accompanied by insuperable problems
unless the aircraft industry was placed on a sounder peacetime footing, Salmond
expected immediate action to be taken in response to his recommendations, but he
reckoned without Trenchard’s opposition. The CAS understood war production as
a problem which would have to be solved in wartime. He agreed in principle with
the PSO’s scheme, but considered it too ambitious to be practicable in the immediate

future. Action was therefore limited to reducing the number of designs, testing
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aircraft in squadrons for a year before placing larger orders, and retaining aircraft in
service for seven years.®

It is difficult to know how well-founded the PSO’s anxiety about the aircraft
industry really was, and how effective his recommendations for rationalising
procurement would have been. His proposal to reduce the number of Air Ministry
airframe contractors to twelve would have had little effect, for between 1924 and
1930 only nine companies received regular production contracts in any case, and three
of the ministry’s fourteen design firms undertook virtually no production work at all.
Moreover, even if the volume of output of the more successful firms was limited by
wartime standards, the industry was not inexperienced in the problems of large-scale
production, for throughout the inter-war years it remained under the control of many
of the same senior executives, managers and technicians who had presided over
expansion during the Great War.%

Equally questionable is the implication that a more efficient industry might
alone have satisfied the wartime demand for aircraft. It is certain that under any
circumstances additional capacity would have been required. However, this subject
might have received much less attention in government circles in subsequent years
had the PSO painted a more sanguine picture of the industry’s position. His warnings
did serve to alert the Air Ministry to the necessity of devising a war production plan
to bridge the gap between peacetime capacity and wartime requirements.”® The plan
was based on three broad principles. The first was the principle of conversion - the
conversion of industrial resources from outside the aircraft industry to the
manufacture of aircraft and aircraft components in war. The most promising source

of supply was the engineering industry, particularly the motor car industry, but it



48

would have been impossible to exploit while service aircraft were still constructed of
wood, so the decision was taken to order metal aircraft instead.”

The second principle was the principle of concentration - the concentration of
as many industrial resources as possible on a small number of proven aircraft. The
aim was to maximise efficiency by achieving economies of scale. It was envisaged
that on the outbreak of war aircraft and motor car firms would be organised into
groups. One group would be created for each of the most important designs, and
only one design would be selected for each operational category.”” The third
principle was the principle of organisation - the creation of a war production
organisation within the Air Ministry to plan and co-ordinate the supply of materials
and such equipment as engines, instruments, armament and wireless apparatus, which
the ministry normally purchased and supplied free as ‘embodiment loan’ to the
airframe firms. The firms themselves were expected to form committees to co-
ordinate the purchase and distribution of materials within their respective groups.™

So although a long-term re-equipment programme was not introduced, the
PSO’s investigation of the aircraft industry’s capacity did have some very positive
consequences. A wartime mobilisation plan was drawn up; a general transition from
wood to metal construction took place in the following years; by subcontracting the
all-metal Armstrong Whitworth Siskin fighter to four different firms the Air Ministry

e ﬁ.ﬁ\éei‘i’also succeeded in limiting the number of designs in service; and orders were placed
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year into single contracts.”™
Rationalisation was rejected as an object of policy. Hence an offer from one

firm (almost certainly Vickers) to produce all the Siskins at a price of £1,650 each
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was refused, and the Air Ministry spread the orders over four companies at a higher
cost per aircraft, partly to keep them in business, partly to educate them in the use
of metal construction.” Nevertheless, a relatively small number of contractors
established themselves as market leaders in the following years, and when, in 1931,
a specially appointed Aircraft Supply Committee undertook the next major enquiry
into aircraft production and the condition of the industry, there was more scope for
optimism:
The aircraft industry is sturdier and more healthy than

it was ten years ago. Aircraft firms appear to have been almost

alone in withstanding the effect of the general industrial

depression. Capital is now securely rested; consolidations have

brought strength; foreign trade is beginning to appear. There is

no longer a general need for artificial shelter to the same extent

as hitherto, lest firms should be driven out of business in such

numbers as to endanger the nucleus required for war.”

The committee also noted that orders were increasingly being concentrated on the
more successful design firms. However, it was pointed out that this development had
brought several companies to the verge of liquidation, and it was thought likely that
the number of Air Ministry contractors would have to be reduced.”

If the Supply Committee recognised that the leading aircraft firms were now
stronger financially than had been the case in the mid-1920s, it also acknowledged
that the Air Ministry’s procurement policies were still impeding the development of
improved production methods.” lBi;: yta;;e importance of the Committee’s findings lies

less in the production problems it described than in its clear understanding of those
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problems. Neither ignorance nor conservatism on the part of the ¥inistry or the
aircraft industry were preventing the use of better manufacturing techniques. What
was needed was a change in the way aircraft orders were placed. One possible
solution was to give the firms longer programmes, as the PSO had suggested in 1926.
The earlier proposal for a five:year re-equipment scheme had been too ambitious, but
it was felt that three-year manufacturing programmes might bring many of the same
advantages.”

The difficulty was that such programmes necessarily entailed a sacrifice of
technical quality in return for quantity.** However, for some types, such as training
aircraft, such sacrifices could be accepted. One contractor - A.V. Roe - was
therefore given an extended programme for the Tutor trainer, starting in 1933 and
concluding in 1936.* The aircraft was the first to be accepted by the RAF with an
all-welded fuselage and empennage, which was far cheaper in production than riveting
and bolting, or the traditional strut and socket biplane structure.®> The three-year
programme enabled A.V. Roe to develop new mass production methods involving
extensive jigging and tooling. A total of 795 Tutors was eventually built for the RAF
and overseas air forces.®® It is significant that by 1936 A.V. Roe was being
described by the Air Ministry as ‘the best organised manufacturing unit we have
[with] extremely efficient and well-equipped tool room, drawing office and machine
shops’.%

_BMuof J%l(g;é was, as already noted, an alternative approach to reducing
production costs. In 1931 the Hawker Hart was in the process of becoming the

standard RAF bomber, and demands for this one type were far greater than Hawker

alone could satisfy. The volume of orders not only justified large-scale jigging and
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tooling but also allowed the Air Ministry to invite competitive tenders. As a result

prices fell dramatically. Indeed, it is unlikely that the allocation of a three-year Hart
contract to Hawker would have reduced prices to anything like the same extent.

Hence the early 1930s witnessed two separate state initiatives to reduce
production costs and increase efficiency. Through the improvement of peacetime
production methods it was also hoped to prepare the industry for expansion in an
emergency. Yet it was still recognised that there was a substantial gulf between
peacetime capacity and wartime demand, and that any deficiency would have to be
made up by drafting automobile and other general engineering factories into the
wartime aircraft economy. By this time such matters were the responsibility of the
Principal Supply Officers’ Committee of the Committee of Imperial Defence (PSOC).
The proposals made by the Air Ministry in 1926 for wartime production groups of
aircraft and engineering firms had been passed to the PSOC, and during the following
years it made detailed assessments of national manufacturing potential, and formulated
a series of plans for its allocation to the supply ministries in an emergency.%

These plans were not merely hypothetical. In 1931 Daimler agreed to make
its facilities available for aero-engine production in wartime, and in consequence the
company was given a large ‘educational’ sub-contract order for Bristol engines.®
In December 1932 the PSOC decided that four motor firms, Standard, Daimler,
Humber and Singer, would be allocated to the airframe sector in wartime, and a year
later similar plans were approved for aero-engine production. Production from the
aero-engine industry would be supplemented by the machining capacity of eight motor
firms, five of which would produce parts and sub-assemblies, three of which would

build complete engines. Bristol actually drew up plans for the production of 5,800
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engines involving the entire machining capacity of Daimler.*

Yet the plans were based on RAF requirements for overseas defence alone
during the early 1930s, which amounted to 7,444 aircraft in the first year of
hostilities. In consequence it was concluded that there was only a comparatively
narrow gulf between industrial capacity and service needs, and that a surplus would
be available after twelve months.®® Further analysis of war requirements was
undertaken during rearmament and will be considered in a later chapter. It is
sufficient to state here that thesei&c(ilculations (which included home defence) initially
envisaged the produgtio? of 15,000 aircraft in the first year of a war, and later of

peanein. L tucliacrotg
20,00?( A:nc}@ requirements increased, so too did estimates of the likely deficiency,
influenced by the production problems which the industry encountered in the early

stages of rearmament.*

Aircraft Design and C tion

If the production techniques employed by the aircraft industry were critically
influenced by the Air Ministry’s procurement policies, so too was the pace and
direction of aeronautical technology in inter-war Britain. Though the military
selection process was sufficiently flexible to exploit so-called ‘private venture’ designs
proposed by the industry, the aircraft purchased by the Air Ministry between the wars
were usually designed to official specifications. Moreover, the state played a major
part in advancing aircraft design through research bodies like the National Physical

Laboratory and the Royal Aircraft Establishment, and through direct contracts with
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the aircraft firms. According to one contemporary estimate the government spent

more than £15 million on aeronautical research and development between 1925 and
1934.% |

In addition to contributing specifications, funds and facilities for research and
development, the government also, of course, provided the main market for aircraft,
and as the product itself had to be fashioned to the needs of its principal purchaser,
military requirements tended to shape the progress of design and development. One
firm, de Havilland, prospered without Air Ministry patronage by conquering the

market for cheap, economical, low-performance private aircraft ﬁut others found

¢
it much more difficult to locate alternative markets for their designs. Both Handley
Page and Armstrong Whitworth lost heavily on civil contracts with Imperial
Airways.”" Blackburn resolved on eight different occasions between 1922 and 1935
to reduce its dependence on the RAF and to enter the civil aircraft market, ,%ut
reviewing this policy in 1935 the €ompany’s chairman was forced to admit that
neither its civil aircraft nor its flying boats had ‘achieved any measure of success, and
... little or no profits had accrued from these programmesj’ despite the expenditure
of ‘considerable sums of money and time in pursuing their development’. Blackburn
conclud,efl: ‘There seems no doubt that the military side, on which we are largely
dependgﬂ, had so predominated as to throttle the other two programmes.’®

This view was echoed by other leading manufacturers. Richard Fairey,
Chairman of the most successful military aircraft company of the 1920s, argued in
1928 that military aircraft construction required so much concentration of effort that

civil types could not be produced as well.” Sir Robert McLean of Vickers similarly

doubted the capacity of his company to design civil as well as military prototypes.
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He advised the Vickers board against the diversion of design staff ‘from the

immediate and profitable market’ for military aircraft. ‘I am anxious’, he wrote, ‘not
to commence broadening our base by ... digging away some of our existing
foundations, which are the Air Ministry.’

It is hardly surprising, then, that the Air Ministry was directly responsible for
two of the most important technical advances of the later 1920s. One, the
development of more powerful liquid-cooled engines for military aircraft by Rolls-
Royce, resulted from the Air Ministry’s desire to see a British manufacturer develop
a ‘monoblock’ engine like the Curtis D-12.* The success of this project gave
Britain an important lead in the development of small capacity, high-power, engines y
which eventually proved particularly well suited to interceptor fighters like the
Spitfire, and later the American Mustang. The other, the redesign of the standard
wooden biplane in metal, was sponsored by the }Hinistry to improve the supply of
aircraft in an emergency.

Several different forms of metal construction were developed in inter-war
Britain9and were subsequently incorporated into the monoplanes of the rearmament
and wartime period. This lack of standardisation may be traced back to the later
1920s. In December 1925, for example, the board of Blackburn Aircraft considered
whether it should concentrate resources on ‘one particular kind [of metal
construction]’ or exploit ‘various methods and systems’. The firm eventually decided
it would ‘exploit various systems of metal construction and not tie [itself] to one type
only’. Three types were under consideration: ‘Pure dural [aluminium alloy stressed-
skin] on the lines of Junkers. High grade steel strips as Boulton and Paul. Mild steel

which Blackburn and Hawker’s were developing’.%
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A similar situation prevailed throughout the industry. Reporting in 1926 on

the progress of the transition to metal, the Air Ministry’s Director of Contracts
professed himself unsure ‘whether technical opinion is sufficiently hardened to enable
a choice to be made between the sheet method (Junkers), the tube type (Hawker and
Fokker) and the strip type’. Another report written three years later again recorded
that ‘no one metal has been standardised ... At present we have three parallel systems
of steel strip, duralumin, and steel tubes.’ In the following year Vickers commenced
research on a fourth method - geodetic construction.’’

The improvement of aero-engine performance and the development of metal
construction were of great military value, yet both tended to divert technical resources
from aerodynamic research and development which, in the United States, led to the
replacement of the biplane by the monoplane. Hence the Rolls-Royce Kestrel engine
brought substantial advances in performance to aircraft of traditional biplane
configuration, largely by increasing the ratio of engine power to airframe weight.
Metal construction was accompanied by many advantages in terms of cost, strength,
maintenance and storage, and was desirable from the war production standpoint.ﬁ éut
it required a much greater technical effort than wooden constructionaand did not in
itself improve performance.”

For some years this was unimportant because speed was not the only criterion
for military selection, and biplanes often fulfilled the RAF’s demands more effectively
than monoplanes.” The British aircraft industry was capable of designing
monoplanes of very great aerodynamic efficiency, like the Supermarine S.6, which
won the Schneider Trophy race in 1929. But the S.6 was not suficiently

N

manoeuvrable to be converted into a fighter, and it was estimated by one) leading

N
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industrialist that other changes needed to turn it into a military landplane would

reduce its top speed from 350 to 260 m.p.h. As the RAF’s biplanes were already
attaining speeds of more than 200 m.p.h. with less than half the engine horsepower
of the S.6, he argued that the cost of any such conversion was impossible to
justify.1®

This line of thinking was broadly correct, for some of the early military
monoplanes, like the Boeing P-26 or the Dewoitine D-510 fighters, were not
significantly faster than the last generation of biplane fighters, such as the Gloster
Gauntlet or the Fiat CR-32. Biplanes therefore remained in service in the British,
((}erman, Italian and Czechoslovakian air forces for much of the inter-war period.'®
;etdllf;lxonoplane’s potential advantage in terms of speed became increasingly clear
during the early 1930s, causing both the RAF and its contractors to revise many
previous assumptions about military design. Hence Vickers commenced work on the
first geodetic monoplane in April 1932, and Hawker’s first proposals for a ‘Fury
monoplane’ (which evolved into the Hurricane) were made to the Air Ministry in
August 1933.1%2

American manufacturers took a different course. In the United States the most
significant technical advances were achieved not in the military sphere, but in the
design of large civil transport landplanes. Intense competition between the airlines
created a demand[l;igh-perfomance aircraft with low operating costs. This alone
hastened the development of monoplane airliners./® hut such aircraft had to be
built at a price the airlines could afford to pay, and the economics of production also

tended to favour the monoplane. For there were two ways to improve performance.

One, the reduction of weight, was generally achieved through the design of relatively
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complex internal aircraft structures which were expensive to produce. The other, the
improvement of external acrodynamic efficiency, required a greater technical effort
but allowed firms to design simpler, if heavier, aircraft thch were less costly in
production.

This was the practice adopted by American designers, whereas British efforts
continued to focus on the improvement of power-to-weight ratios.'® Hence the first
all-metal stressed-skin monoplanes entered service in America in 1933, and by the
following year the same technology was being incorporated into military aircraft,
while in Britain the first monoplanes were still on the drawing board.'”® In
November 1934 the AMSR, Air Marshal Sir Hugh Dowding, met senior executives
from fourteen aircraft firms and drew attention to Britain’s ‘backwardness in
comparison with the very great progress which has been made recently by some other
nations’. By this time he was well aware that several monoplanes were in the course
of design and development. The difficulty was that it took ‘much too long to get an
aeroplane through from the design stage to the production stage’.'®

The ﬁfﬁinistry’s own analysis suggested that there were several reasons for this.
Firstly, Air Staff specifications often made too many different demands. The DTD
‘found Air Staff requirements indifferently stated and dotted about all over the
specification’. Secondly, the number of experimental contracts in progress at any one
time placed an excessive burden on the industry’s designing capacity.!” This view
is certainly corroborated by the records of Blackburn Aircraft which list numerous
transient projects that foundered during the early stages of their conception, but even
the most successful firm of the early 1930s ‘tendered for everything’.!®

Yet the fundamental problem was best described by the government’s
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industrial adviser, Lord Weir, in the following year. ‘The outstanding feature of the

existing system’, he wrote, ‘is a sort of evasion of responsibility by a procedure
which postpones decision until the choice of type becomes almost automatic. It may
result in a reliable decision, but the march of progress renders the ultimate selection
obsolete.”’® Of a maximum development schedule of eight years for a new
bomber, an inordinate amount of time was absorbed by official procedures. Out of
the 96-month timetable no fewer than 43 months were accounted for by such
procedures, including thirteen months of tests at Martlesham Heath and a twelve-
month development period during which alterations were incorporated and production
requirements discussed.'°

Reviewing the problems of aircraft design, development, and production in
1934, the Air Ministry concluded that Dowding should be freed from responsibility
for production and allowed to concentrate on research and development during what
was clearly a critical stage in the evolution of aeronautical technology. In December
1934 a separate Department of Research and Development was therefore created, and
Dowding’s supply directorates were transferred to the Member of the Air Council for
Supply and Organisation (AMSO), Air Chief Marshal Sir Cyril Newall.!"! Then,
in February 1935, the SBAC recommended that specifications should be simplified
and that the industry should ‘be relieved from DTD’s control during the process of
design and construction of a prototype’. As similar proposals had already been made
within the Air Ministry, Dowding now agreed ‘that the responsibility for all matters
affecting design ... should be placed on the designer with a minimum of intervention
by the Department’. The twelve-month development period was abolished

altogether.??



59

The strengths and weaknesses of these reforms would only be demonstrated
in subsequent years: BGt much depended on the ability of the aircraft industry to
absorb the new technology rapidly. The choice between developing streamlined
monoplane structures de novo and exploiting breakthroughs already achieved in
America was really no choice at all, and during the early 1930s British firms
dispatched numerous technical missions to the United States to gain first-hand
knowledge of the progress which had been achieved there.!”® The extent to which
British design and development was both influenced and accelerated by these missions
can be gauged from the Vickers records. When, in March 1934, Vickers sent a
technical team to America, the company had been engaged in the design of a
particular bomber for two years. However, after the return of the mission ‘all work
done was scrapped and a new start was made on [the aircraft which was to become]
the Wellington.” Production commenced just four years later, or in half the time the
Air Ministry thought was required to design and develop a new bomber. The initial
1932 specification had envisaged a bomb load of 1,000 Ib and a range of 720 miles.
The Wellington’s bomb load was 4,500 Ib, and its range was 1,200 miles.!

Yet the different evolutionary paths taken by the British and American aircraft
industries ensured that British aeroplanes retained many distinctive and original
features. As late as 1939, when most American and German companies were
building all-metal aircraft, de Havilland opted to build the Mosquito out of wood.!s
Yet it was probably the most successful fighter-bomber of the war. Hawker’s
Hurricane fighter, though equipped with metal-skinned wings in 1939, employed the
tubular steel structure developed for the Hawker biplanes of the early 1930s,"¢

But the best example is again provided by Vickers, who remained convinced
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of the potential of geodetic construction. The attraction of geodetics was entirely

military. The technique produced aircraft which were light in relation to their all-
metal equivalents, and which therefore promised to improve the ratio of engine power
to airframe weight. Geodetic aircraft were also exceptionally strong. At a time when
there was a particularly pressing need to improve the performance of larger military
aircraft, and when the Air Ministry’s selection policy was overwhelmingly governed
by qualitative considerations, these features alone justified the development of
geodetics. That such structures were also expensive to produce was of secondary
importance. The production problems had to be solved retrcspectively through the

standardisation of unit parts and the development of special machinery.'"

4. Conclusion

Aircraft manufacturing in inter-war Britain has often been seen as an unprofitable
business involving erratic orders for small batches of machines.!”®* The Air
Ministry’s policy of dividing experimental contracts between fourteen firms inevitably
prevented some from gaining either production experience or commercial reward
between 1918 and 1935. However, other companies prospered and produced aircraft
and engines in large numbers by the standards of the day. The distinction was of
long-term significance, for the most successful manufacturers of the inter-war years
went on to dominate Britain’s aircraft economy in the Second World War. One of
the salient features in the history of the inter-war industry was the emergence as

market leaders of Vickers, de Havilland, Hawker Siddeley, Bristol and Rolls-Royce.
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The relationship between the Air Ministry’s ordering policy and the production

techniques employed by the aircraft industry was clearly understood by both sides.
It was recognised that better manufacturing methods existed than those often
employed by British firms, &ut the aircraft industry had gained considerable
experience of large-scale production during the Great War, and it was perfectly
capable of improving its production methods when given the opportunity or incentive
to do so. The trial three-year programme allotted to A.V. Roe enabled the company
to jig and tool much more extensively than had previously been possible.
Competitive tendering also encouraged firms to cut their costs during the early 1930s.

Consolidation and the improvement of production methods increased the
capacity of the leading firms to expand in an emergency. Nevertheless, official
concern about production weaknesses in other quarters of the industry stimulated the
development of a war production plan to convert general engineering capacity to
aircraft production, to concentrate production on a small number of prgven designs,
and to create a production organisation within the Air Ministry. gﬁ: if’l:;'antitative
problems were expected, the Air Ministry was much less concerned about the quality
of British aircraft. Indeed, for much of the period the British genuinely believed that
their military aircraft were technically superior to those of the other powers. This
may well have been true until, with the appearance of all-metal stressed-skin
monoplanes in the United States, performance alone began to outweigh all other
military considerations. Drastic measures had then to be taken to catch up. At the
onset of rearmament the aircraft firms were thus confronted not only by the problem
of organising production on a scale unknown since the Great War, but also of

accommodating a new and revolutionary technology.
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CHAPTER 2

THE AIR MINISTRY AND MILITARY AIRCRAFT PRODUCTION, 1935-39

The mobilisation plans drawn up by the Air Ministry between 1918 and 1934
envisaged a sudden and rapid transition from peacetime to wartime conditions. If this
scenario was accurate it seemed certain that there would be a deficiency of aircraft
in the first year of a war, and the planners therefore attempted to estimate the extent
of this deficiency and to devise means by which it might be overcome. By the onset
of rearmament general plans existed for a wartime industry comprising groups of
aircraft and engineering firms. One group would be established to produce each of
the most important aircraft and aero-engines, and only one aircraft from each of the
main operational classes would be selected for group production. An Air Ministry
organisation would be created to co-ordinate the output of the different sectors of the
aircraft industry.

But the planners never anticipated an intermediate phase lasting several years
between peacetime and wartime, nor did they expect that a technological revolution
would occur in aircraft design. Under these circumstances there were both practical
and political objections to the implementation of war production plans and little scope
existed to develop a state production policy. Targets were defined in terms of first-
line strength rather than industrial capacity. Not until the Anschluss was peacetime

planning combined with longer-term preparations for total war.
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Table 6. British Air Rearmament Programmes, 1934-40

Scheme MAF First- Average Annual Production

Line Strength | Aircraft Production | in Previous
(planned) Year

A (1934-39) 1,252 n.a. n.a.

C (1935-37) 1,512 1,900 1,108 (1934)

F (1936-39) 1,736 2,667 1,807 (1935)
2,373 6,000 2,218 (1937)

‘I L (1938-40)

Source: M.M. Postan, British War Production, 15; J.A. Cross, Lord Swinton,

189-210; 1934 and 1935 production figures from Census of Production, 1935; 1937

production figures from Statistical Digest of the War, 152. 1937 production figures

relate to Air Ministry orders alone.
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The first expansion programme, Scheme A, was introduced in July 1934 but

was not scheduled for completion until March 1939. Scheme A was intended to
create a Metropolitan Air Force (MAF) of 84 squadron§ (1,252 first-line aircraft) and
involved an increase in the value of aircraft contracts of 30 per cent by comparison
to the previous year.! Its successor, Scheme C, was much more ambitious.
Inaugurated in May 1935, the new plan’s objective was to enlarge the MAF to 1,512
first-line aircraft. Approximately 3,800 aircraft would have to be produced by April
1937; only 620 had been delivered to the Air Ministry in 1934 (see table 6). These
demands were in fact equivalent to the entire capacity of the aircraft industry, both
military and civil, in 1935.

Yet aircraft of modern design were only ordered in small quantities, the
contracts for 150 Fairey Battles and 96 Vickers Wellesleys being typical. In this
respect Scheme F (March 1936) involved an advance of far greater significance.
Under Scheme F light bombers like the Hawker Hart were replaced by new
monoplanes like the Fairey Battle and Bristol Blenheim. 1,000 of these aircraft were
ordered from the designing firms, and even larger contracts were placed with the so-
called ‘shadow’ industry which was now created at government expense and managed
by leading automobile manufacturers like Austin and Rootes. In the longer term,
however, the emphasis in bomber procurement was moving away from the light
bomber altogether and towards medium bombers like the Vickers Wellington and the
Handley Page Hampden, 360 of which were now ordered. Alongside the bombers
came the first monoplane fighters, the Supermarine Spitfire and the Hawker
Hurricane. A contract for 600 Hurricanes was placed with Hawker in February

1936.2
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The MAF would now have 1,736 first-line aircraft; overseas forces would be
built up to 37 squadrons equipped with 468 first-line aircraft; and the Fleet Air Arm
would have 26 squadrons with 312 aircraft. This involved the production of some .
8,000 aircraft between March 1936 and April 1939, and entailed an increase in
average annual output of nearly 50 per cent over the industry’s total military and civil
output in 1935. But a purely numerical comparison understates the effort involved.
As the aircraft themselves ;;vere larger and more complex than those previously
ordered they inevitably required many more man-hours to build.

Yet even Scheme F was not intended to provide Britain with anything like a
war capability. It differed from Scheme C by making adequate provision for reserves
and by re-equipping the air force with modern types of aircraft, but its principal aim
was, nevertheless, deterrence. The Air Ministry calculated at the end of 1937 that
the maximum possible output of the aircraft industry in the first year of a war would
be 7,080 aircraft - less than half the Air Staff’s requirements. An additional five
million square feet of manufacturing space would be needed to meet wartime
demands; the area actually productive in 1938 would therefore have to be doubled.}
There was, however, no certainty that the country’s industrial infrastructure could
support aircraft production on the scale which this implied.*

The first proposals for augmenting Britain’s expansion plans were made as
early as December 1936, and in October 1937 Scheme J was presented to the Cabinet
precipitating five months of wrangling over the size, nature and cost of air
rearmament. Following the Anschluss the Cabinet accepted a new programme,
Scheme L. The MAF first line was increased by 37 per cent, but within this total the

number of fighters was raised by 45 per cent. This involved the production of 12,000
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aircraft in the following two years - an increase in the average annual output of
military aircraft of 170 per cent by comparison with the level achieved in 1937. The
first-line target was raised still further following the Munich crisis when the decision
was taken to create twelve additional fighter squadrons (192 first-line aircraft) and to
re-equip Bomber Command with heavy bombers. In the meantime planning
commenced for a ‘War Potential’ programme for the production of 17,000 aircraft
in the first twelve months of a war beginning in October 1939, and for a wartime
capacity of 2,000 aircraft per month by the end of 1941.° Until war potential
planning was sanctioned by the government industrial capacity had been seen as a
means to an end - the creation of a given first-line strength. But from 1938 onwards

the development of industrial capacity became an end in itself.

1. Air Ministry Organisation and Policy, 1935-36

The increasing scale and complexity of aircraft production and the transition from
peacetime to wartime planning were reflected in the development of the Air
Ministry’s production organisation. Until the beginning of Scheme C responsibility
for aircraft supply was shared by the ministry’s Directorate of Equipment and the
Directorate of Contracts. In May 1935, however, it was proposed that a special staff
should be appointed to supervise production orders, and four appointments were
subsequently made to the department of Supply and Organisation for this purpose.®
Of these, three were given to RAF officers who had worked with the PSOC, while

the fourth went to one Owen Clegg, who had appropriate industrial experience.” Not
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until October 1935 did they actually assume their duties and between them they did

not, as yet, constitute a production directorate. They were sometimes called on to
report to the Air Council on the progress of aircraft contracts, but they were not in
any way responsible for formulating a production policy. This was purely the realm
of the Air Council itself, which from June 1935 held weekly meetings to survey the
progress of rearmament.®

Meanwhile, a more significant step was taken by the government when, on 18
May 1935, Lord Weir was invited to assume the role of industrial adviser to the Air
Ministry. Weir’s extensive career in industry encompassed not only the management
of his own companies but also control of aircraft production during the Great War
and advisory work for the PSOC. These qualifications alone suggested that he was
the best man to assist the Air Ministry with industrial policy, but the government also
felt that his appointment would inspire public confidence in the rearmament
programme. Weir agreed to act in an advisory capacity without undertaking any
executive duties. His biographer notes, however, that he was always likely to
become ‘a good deal more’ than a mere adviser.’

Weir attended the majority of Air Council progress meetings between 1935
and 1938, but the scope of his authority ultimately depended on his influence over the
Secretary of State for Air. Sir Philip Cunliffe-Lister, who chaired the Subcommittee
on Air Parity of the government’s Defence Requirements Committee in May, and
succeeded Lord Londonderry at the Air Ministry in June, was on terms of personal
friendship with Weir and was often inclined to favour his advice over that supplied
by senior Air Ministry officials.” It was inevitable, therefore, that aircraft

production policy between 1935 and 1938 should have been strongly influenced by
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Weir’s personal philosophy, which is accurately summarised in his own notes: ‘I was
definitely averse,” he wrote, ‘to doing anything which would turn industry upside
down by creating a war spirit and practice, but I felt that we must quietly but very
rapidly find an effective British compromise solution as opposed to merely copying
the dictator system.’!!

This outlook did not prevent a state production policy - a policy which went
beyond merely placing orders - from emerging during 1935. The Air Ministry
believed that the existing aircraft industry was capable of fulfilling the requirements
of Scheme C, but there was some anxiety about the division of the programme
between the two financial years, 1935-36 and 1936-37. Contracts could not normally
have been placed for each year until the annual defence estimates had been approved.
However, Scheme C, unlike its predecessor, presented an opportunity to organise
uninterrupted production programmes over two years, with consequent advantages in
terms of both cost and efficiency. The Subcommittee on Air Parity therefore urged
a relaxation of Treasury and parliamentary controls over annual expenditure by
recommending ‘that in the special circumstances the difficulties which normally arise
each year in getting contracts placed in sufficient time for them to be completed must
be overcome by the authority which the Air Ministry require and by the co-operation
of all departments concerned.’*?

The extended production programme thus became the cornerstone of the
government’s aircraft production policy.”® It was a limited policy, but a policy with
important industrial implications, as Air Ministry research in the 1920s and early
1930s had suggested. In particular, the Air Ministry hoped that the longer-term

contracts would enable the industry to jig and tool much more extensively, which they
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did. Yet the level of jigging and tooling employed for Scheme C was modest by

comparison to that entailed by the programme introduced in the following year, and
some of the larger firms were compelled to revise their plans. The new arrangements
took time to implement, but they allowed production to be increased very rapidly
during 1938 and 1939.%

There were two corollaries of the Air Ministry’s policy of working through
the professional aircraft industry. Firstly, the firms would have to expand their own
factories. Secondly, provision would have to be made for the increased working
capital which the industry would require. Although the government viewed the
expansion of the aircraft industry as an essential pre-requisite to the creation of a war
potential, it did not, as yet, consider that the state should provide buildings, plant, or
additional finance, and during the course of 1935 a number of firms took the initiative
by floating new issues, enlarging their factories or purchasing new ones.

But the industrialists were nevertheless haunted by the spectre of
over-capitalisation and redundant capacity.” Following representations by the
SBAC in October 1935 the Air Ministry gave assurances that compensation would be
paid for capital extensions which became redundant when the expansion programme
came to an end, and in the same month concessions were also made to the industry
on the question of working capital. The ministry agreed to make monthly payments
of 80 per cent of the money spent by contractors on the purchase of materials, and
to make so-called ‘progress payments’ for materials amounting to 90 per cent of their
estimated total cost.’® The provisions of both the compensation agreement (soon
known as the Capital Clause), and the progress payment scheme were later extended

to cover subsequent rearmament programmes.'’
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These contractual concessions marked the limit of state production policy, and
the Air Ministry’s supply functions were otherwise restricted to monitoring the
progress of individual contracts and bringing pressure to bear on those contractors
who fell behind with deliveries. In the case of one firm, Westland, the Air Ministry
briefly intervened in October 1935 when it appeared that the company was on the
verge of collapse. In this instance the ultimate sanction of threatening to withhold
orders was employed, and the ministry undertook its own investigation of Westland’s
finances.'® But this was the only occasion on which any such action was warranted

during Scheme C.

2. Air Ministry Organisation, 1936-38

Following the approval of Scheme F in 1936 a new directorate specifically charged
with the supervision of aircraft production was established in the Department of
Supply and Organisation. It was named the Directorate of Aeronautical Production
(DAP). At the head of the DAP was Colonel Henry Disney. Disney was educated
at Marlborough and Cambridge and had served in the Royal Flying Corps during the
Great War. Since 1918 he had held directorships at several telegraph, telephone and
cable companies. His combination of service and business experience seemed to
Newall to be an advantage, and Weir also recommended that Disney should be
appointed. ‘He appears’, Weir wrote, to have been successful in his business career,
especially in reorganising and clearing up inefficiencies. He is not in any degree an

engineering production expert, but he knows the general factors involved.””® In
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April 1936 Disney had a staff of seven, drawn mainly from the RAF. As the

Directorate expanded over the next year the proportion of air force officers declined
and by July 1938 the majority of the 27 staff in the DAf had been recruited from
outside the air force. Most, presumably, had business or Civil Service backgrounds,
but only four are listed as members of professional engineering bodies.

Circumstances conspired to limit the power of the DAP. Most of the
important selection decisions had been taken before Disney had time to make his
presence felt, but he was not, in any case, given sufficient authority to influence the
selection process.?’ Nor did he have any powers to supervise factory planning, for
until 1938 the overwhelming preponderance of capital investment in the aircraft
industry was privately financed.

Moreover, the creation of a production directorate did not imply more than
a very minor shift towards industrial planning for war. For Scheme F had to be
completed within a relatively short space of time and did not involve the creation of
a long-term war potential. In an attempt to meet the April 1939 deadline Lord
Swinton (as Cunliffe-Lister became in November 1935) agreed to the ‘shadow’ aero-
engine industry being organised in a manner to which the DAP was irrevocably
opposed.? And in 1937 Newall’s Private Secretary thwarted the directorate’s
recommendations for creating war potential capacity for Rolls-Royce aero-engines,
arguing that the company’s existing factory was adequate for Scheme F and that in
wartime spare capacity could be transferred to Rolls-Royce from the automobile
industry.?

However, the strongest constraint on the DAP’s authority was the technical

revolution then occurring in aircraft design. Guiding a new engineering project
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through the design process and then into production was (and is) a very difficult

industrial operation. But for the aircraft industry in the mid-1930s it was particularly
difficult because of the transition from the biplane to the monoplane. The industry
was engaged in the development of a completely new technology; as the government
did not design and build its own aircraft the problems involved could only be solved
at the industrial level, and this took time. The industry’s progress will be discussed
in the following chapter. Suffice it to say that in the later months of 1936 and in
1937 the delivery schedules for the new types which the RAF was most anxious to
obtain began to slip back. In such circumstances it proved impossible for the DAP
to undertake the duties which might otherwise have been expected of a state
production directorate.

For example, the DAP was unable to develop reliable production programmes.
Programmes could not be calculated scientifically on the basis of labour, floor space
or machinery because this capacity was impossible to employ efficiently until new
types of aircraft had been standardised for production. Nor was there any scientific
basis for predicting the duration of the standardisation process itself. In the words
of one senior Air Ministry official, ‘there was no yardstick of previous experience by
which production could be measured and neither the Air Ministry nor the firms
themselves had any idea how long the preparatory stages to quantity production took.
The optimistic figures quoted by the firms were pure guesswork and the Air Ministry
knew no better.’?

The DAP did monitor the weekly output of the airframe and aero-engine
industries, and its estimates of the ultimate production levels achieved during Scheme

F proved reasonably accurate.?® A statistician was appointed during 1937, and when
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production arrangements were finalised by the firms Disney’s staff could base their
calculations on the number of assembly jigs and on the anticipated output per jig.?

As far as the commencement of production was concerned, however, the
directorate’s predictions proved hopelessly optimistic. Moreover, the concept of
programming could only be developed on a very restricted scale because of the time
limit which had been imposed on Scheme F. The objective was a particular first-line
strength. The scheme was not intended to create the industrial capacity necessary for
a given monthly or yearly output. It was therefore less important to balance the
monthly production of airframes, engines and equipment than to ensure that sufficient
cumulative deliveries had been made by April 1939. At the time of the Munich
crisis, Rolls-Royce had delivered 1,700 Merlin engines of which just 600 had been
installed into aircraft.?

If the DAP had only minimal success in drawing up programmes there was
also very little which it could do to accelerate output. For the key bottle-neck in the
production process was the industry’s design capacity, and the distribution of work
among the various technical teams lay outside the directorate’s jurisdiction. At the
beginning of rearmament the firms were literally swamped with experimental projects.
By October 1936 no fewer than 55 different experimental designs were in progress
and six more were under consideration.” The acute pressure under which the
industry was working manifested itself in design errors which were not discovered
until production started. The resulting disorganisation was then seized on by the DAP
as evidence of inefficiency.”® The Air Ministry did not immediately recognise that
it was itself contributing to the most critical of the industry’s difficulties. Not until

December 1937 did the AMRD (who had no responsibility for production)
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recommend giving more consideration to the firms’ technical capacity when
apportioning experimental work.?

The production shortfalls of 1936 and 1937 did lead the Air Ministry to insist
on a number of managerial changes which were probably long overdue.*® But the
DAP had no powers to compel firms to implement particular reforms if they were
strongly opposed to doing so. If contractors rejected the DAP’s advice and failed to
find alternative solutions to their problems Disney alerted the Air Council, and the
AMSO then intervened directly with the senior executives of the company concerned.
If there was still no improvement the matter was taken up by Weir or Swinton.

But Air Ministry intervention did not always help matters. Some industrialists
thought that the formation of the DAP was a precursor to nationalisation, which was
then under way in France, and the directorate encountered resentfulness and hostility
from all quarters.®® And one senior official later recalled that after meetings with
Swinton the representatives of the firms invariably ‘went away fecling aggrieved and
that they had been badly treated by the Air Ministry.’* In fact Swinton recognised
that state interference could prove counter-productive and he preferred the Air
Ministry to work in a purely advisory capacity if at all possible. Weir agreed: ‘I
am confident’, he wrote, ‘that it is wiser to let the different units of the industry
continue to work hard and actively at solving their works management and production
problems themselves.’>*

In the later months of 1937 the slow progress and high cost of rearmament
began to cause political controversy, and the Air Ministry was forced to consider
extending the DAP’s authority. The ministry’s Secretariat, which was responsible for

financial matters, argued that the DAP should not simply report on production
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problems, but should take active steps to resolve them. It is unclear whether anyone
in the directorate was actually qualified to do this, but in any case Swinton remained
cautious. He did eventually agree to strengthen Disney’s staff by appointing resident
progress officers - so-called overseers - to several important aircraft factories.>> But
otherwise the Secretary of State professed himself reasonably satisfied with the
management of the industry. He maintained that the DAP had been established to
‘chase’ production and that it could not insist on the adoption of particular production
methods.* Again he was supported by Weir. The aircraft industry was, Weir
wrote, a young industry ‘developing its scientific possibilities ... which demands
encouragement of the imagination and enterprise of the individual.’¥’

Between 1936 and 1938, then, strict limitations were imposed on the authority
of the Directorate of Aeronautical Production. But this merely reflected the fact that
production alone was not the Air Ministry’s goal. The design and development of
new aircraft had to be completed before production could begin, and until new types
had been standardised there was no alternative but to leave the aircraft industry to its
own devices. Swinton and Weir were correct to counsel restraint.

During 1938 the position changed decisively. Following the Anschluss
Scheme L was launched and war potential planning commenced. The new designs
ordered in 1936 began to emerge in quantity. For the first time since the beginning
of rearmament production per se became an objective. A complete review was
therefore undertaken of the Air Ministry’s supply organisation. To improve the
balance between the quantity and quality of aircraft the departments of research and
development and supply were reunited and placed under Dowding’s successor as

AMRD, Air Marshal Sir Wilfrid Freeman, who became the Air Member for
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Development and Production (AMDP) in June.® Finally, responsibility for the

implementation of Scheme L was given to an Air Council subcommittee which soon
became known as the Air Council Subcommittee on Supply.*

Following the resignation of Swinton and Weir in May 1938 and the
appointment of Sir Kingsley Wood as Secretary of State for Air, the Supply
Committee virtually assumed complete responsibility for aircraft production. ‘The
Air Supply Board spent [the] money’, Freeman later recalled, ‘Kingsley Wood left
us alone.’®® The Supply Committee was primarily established to apportion contracts
under Scheme L. However, as the government had now agreed to finance extensions
to the aircraft factories, the allocation of such expenditure also became a function of
the committee. Indeed, this became its principal role after July 1938, when it was
decided that capacity should be planned and constructed for the War Potential
programme.

To enable the Air Ministry to reach rapid decisions on both contracts and
factory extensions a permanent seat on the Supply Committee was allocated to the
Treasury.*’  Another member was the Chairman of the SBAC, Sir Charles
Bruce-Gardner. The firms supplied Bruce-Gardner with estimates of the maximum
number of aircraft which they could deliver by April 1940, and these proposals
formed the basis of subsequent discussions between the Air Ministry and the aircraft
industry, whose senior executives regularly attended the Supply Committee during the
following months.? The consultative process proved far more effective than the
series of ad hoc meetings which had taken place between the two sides during the
previous three years, and compelled both to take a much more realistic view of the

length of time required to put new types of aircraft into production.
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For the following two years aircraft production policy was presided over by

Sir Wilfrid Freeman. Freeman was educated at Rugby and Sandhurst, and after
joining the Manchester Regiment he was seconded to the RFC in 1913. After the
First World War he joined the RAF as a Wing Commander, and having progressed
through the senior ranks he was appointed to the Air Council in 1936 as Member for
Research and Development.* His personal talents were always more in evidence
in the sphere of aircraft design and development than in that of production, but at the
end of 1937 he had been involved in a series of discussions with the industry on
accelerating the introduction of new types of aircraft, and at about the same time he
was making his own recommendations to the Air Council on production matters
though they were, strictly speaking, beyond his jurisdiction.* Moreover, with
aircraft procurement occupying such an important position in the rearmament
programme it made practical sense to place the AMSO’s production responsibilities
under Freeman, rather than transferring aircraft R and D to the AMSO. The new
Department of Development and Production became, in the words of the official
historian, ‘the embryo of the Ministry of Aircraft Production of future years.’¥
Freeman had no formal industrial training but this was not necessarily a
disadvantage. He was charged not with formulating central production plans, but
with co-ordinating production possibilities with the demands of the user - the air
force. The responsibilities of the new department were in any case so numerous that
it would have been impossible for him to have supervised either its development or
production activities in detail. Day-to-day control therefore passed to two new
directorates. Air Vice-Marshal Tedder became the Director General of Research and

Development (DGRD), while one of Britain’s leading planning engineers, Ernest
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Lemon, accepted the appointment of Director General of Production (DGP).

The son of an agricultural labourer, Lemon gained his engineering
qualifications by combining an apprenticeship with part-time study at Glasgow
Technical College and at Heriot-Watt College, Edinburgh. He made his career
managing the production of railway carriages, but subsequently became involved in
overall railway management for LMS, becoming Operating and Commercial
Vice-President in 1932. He was approached by the Air Ministry following the
recommendation of a panel of industrial advisers appointed by Kingsley Wood in June
1938.4

Under Lemon the Air Ministry’s production organisation was transformed.
The DAP’s functions were restricted to airframes alone, other responsibilities being
divided between several new directorates with jurisdiction over aero-engines,
equipment, subcontracting, materials, factory construction, statistics and planning, and
war production (see fig. 1). The work of the different directorates was then
co-ordinated through weekly meetings chaired by the Director General, and in 1939
an aircraft production programme balancing the monthly output of airframes with
requirements for ancillary items was drawn up with the assistance of planning experts
from one of the principal aircraft equipment manufacturers, Joseph Lucas Ltd. An
Air Ministry organisation was subsequently created to extend the aircraft production
programme into 800 main items of aircraft equipment.*’

How successful was the new administration? The remainder of this chapter
examines some of the key areas of production policy - the creation of group
production schemes, the expansion of the ‘shadow’ industry, labour supply, and the

provision of aircraft equipment and aluminium - in an attempt to answer this question.
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Fig 1. The Air Ministry’s Production Organisation, 1934-40

AMSR

1934-38

AMRD AMSO

DAP (1936-38)
1938-40 AMDP
DGRD DGP
DAP DEP DSC DAEP DMP DAMF DSP DPWP

Key
AMSR: Air Member for Supply and Research
AMSO: Air Member for Supply and Organisation
AMRD: Air Member for Research and Development
DAP: Director of Aeronautical Production
DGP: Director General of Production
DGRD: Director General of Research and Development
DEP: Director General of Engine Production
DscC: Director of Subcontracting
DAEP: Director of Aircraft Equipment Production
DMP: Director of Materials Production
DAMF: Director of Air Ministry Factories
DSP: Director of Statistics and Planning
DPWP: Director of War Production Planning
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3. Production Policy

(1) _The Group Schemes

As already noted, the plans devised by the Air Ministry prior to rearmament
envisaged that in wartime aircraft and engineering companies would be organised into
groups. Each group would manufacture a particular type of aircraft, and only one
type would be ordered from each operational class. Certain officials assumed that
this approach would be adopted at the beginning of Scheme F, but Weir took a
different view, arguing that group production was ‘conceived on a basis of war
preparation and it would not appear to help us very much in our 3/5 year
programme.’*®

There were numerous difficulties. As the group system had been formulated
with war production in mind it was always assumed that the government would be in
possession of compulsory powers. In fact no such powers were taken, and the
expansion of the aircraft industry was initially financed by private capital. This gave
the Air Ministry much less influence over the way production was organised than
might have been the case if controls had been introduced, or if the state had provided
fixed capital for the firms. But even if the state had taken more powers the essential
prerequisite for group production - standardisation of design - was lacking. As
Bullock wrote in 1936, ‘to arrange for the sub-contracting of complete aircraft of new
designs is apt to be a lengthy business’.* The Air Ministry was, of course, hoping
to obtain the new designs as quickly as possible.

The April 1939 deadline for Scheme F created other planning problems. As
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individual firms often lacked the capacity to fulfil all the RAF’s requirements, the Air

Ministry was forced to order different types to perform the same military functions.
For example, the Air Staff required 900 single-seater fighter aircraft for Scheme F.
Of the two types under consideration only Hawker’s design had flown by February
1936, yet production could not commence before the middle of 1937, and it was not
thought that Hawker could deliver more than 600 aircraft by April 1939. So the Air
Ministry chose a completely different model, the Supermarine Spitfire, to make up
the balance of 300, and Britain went to war with production divided between two
fighters when ideally resources should have been concentrated on one.®
Concentration would, however, have eliminated the better aircraft, the Spitfire.

Another practical obstacle to the goal of concentration was the lack of
standardisation in construction methods. For example, the Air Ministry had ordered
two prototypes to the medium bomber specification B9/32, 360 of which were
required for Scheme F. Ideally, from the production standpoint, the best design
(submitted by Vickers) would have been selected and built by firms with available
capacity. However, the Vickers B9/32 (the Wellington) incorporated geodetic
construction which required specialised rolling and milling plant only available at
Vickers’ Weybridge factory. Vickers already had production contracts for the
Wellesley and did not have the capacity to produce more than 180 B9/32s by April
1939. Moreover, geodetic construction was thought to be so revolutionary that
production would have to be ‘proved’ at Vickers before any subcontracting was
undertaken.®!

The Air Ministry’s solution was to order the other B9/32 (the Handley Page

Hampden) as well, and as a result resources were divided between the two aircraft
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until the end of 1941.” By 1937 the only firms not engaged in the production of

their own designs were building obsolete Hawker types ordered for Scheme C, and
although Boulton Paul, de Havilland and Westland did undertake some subcontract
work, not one of the new monoplanes was produced by a non-design firm from the
Air Ministry’s list of main contractors until July 1938. The highest degree of
concentration was achieved on the Blenheim, which was built by Bristol, Rootes and
A.V. Roe. A Bolton firm, Dobson and Barlow, assembled wings for all three
factories.*

Circumstances changed during 1938. The state tegan to finance fixed
investment in the aircraft industry, thereby gaining more control over the way
resources were used. Designs ordered in 1936 were standardised for production.
And a number of firms had by this time gained some experience in producing the new
monoplanes. Following the Munich crisis a series of group committees was therefore
established to co-ordinate the production of jigs and tools, material procurement and
subcontracting arrangements for several new types of aircraft.> By then the Air
Ministry was sufficiently sure of the Wellington to concentrate medium bomber
production on this one type, though other models remained in production pending the
emergence of the new heavy bombers which were then in the course of
development.®® Plans were also sanctioned which resulted in the bulk of wartime
aero-engine production being focused on the Rolls-Royce Merlin and the Bristol
Hercules.

But it remained extremely difficult to concentrate airframe production in the
way the planners had envisaged before rearmament. In selecting a standard heavy

bomber the Air Ministry found itself facing many of the same dilemmas that had



91

complicated the selection process in 1936, for not one of the three ‘heavies’ (the
Short Stirling, the Handley Page Halifax and A.V. Roe’s Manchester) had flown at
the time the group schemes were adopted. The ministry was eager to advance
production arrangements and to concentrate resources on one preferred type, but
fearful of selecting an unsatisfactory model. The design firms each wanted to
continue with their own projects.

The result was that groups were organised for all three aircraft with a view
to concentrating resources at a later stage on the best one.”” This was an expensive
decision from the production standpoint, but it ultimately ensured that Britain
developed a first-class heavy bomber. Germany, on the other hand, gambled
everything on one such design (the He. 177) which failed, leaving the Third Reich
without any heavy bombing capability at all.®® In Britain’s case an early decision
would almost certainly have eliminated the Manchester, which in 1939 seemed the
least promising of the three aircraft but which, having been developed into the
Lancaster, proved not only to be the best design but also the easiest to produce.®

It was equally difficult to concentrate production on a single type of fighter.
A group scheme was initially planned for a new Hawker fighter which was intended
to replace the Spitfire and the Hurricane in 1941. Yet the new aircraft, the
Tornado/Typhoon relied on the successful development of one of two novel and
highly complex aero-engines, whereas it became clear at the end of 1939 that a
Spitfire with a more conventional power plant could equal the performance of the
Hawker design.®  Consequently it was decided to continue with Spitfire
development.®!

In the meantime the new expansion plans launched in 1938 provided for an
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increase in first-line fighter strength of 90 per cent above the Scheme F target. The

Air Ministry had no choice but to commit far greater resources to fighters which were
already in production. A Spitfire shadow factory was sanctioned, Supermarine’s
capacity was enlarged, and a Hurricane group was set up comprising Hawker, Gloster
Aircraft, two Scottish engineering companies, and the Canadian Car and Foundry
Company in Montreal.? So by the outbreak of war a substantial industrial
commitment had been made to at least three different fighters. At the time it was
expected that capacity would later be transferred from the Spitfire and the Hurricane
to more modern designs. In the event the Tornado/Typhoon was consistently
outclassed by later developments of the Spitfire, which therefore remained at the
centre of Britain’s fighter production plans for the duration of hostilities.5

In its reluctance to standardise airframe production the Air Ministry was
ultimately placing quality before quantity. The dangers inherent in standardisation
were soon illustrated by a series of costly failures which left the Fleet Air Arm and
Coastal Command desperately short of modern aircraft. However, just as the
success of two similar designs tended to frustrate plans for greater concentration, so
too did the total failure of individual projects advance progress towards that end, with
consequent advantages in terms of efficiency. Thus Blackburn, Westland,
Saunders-Roe and Boulton Paul spent much of the war producing aircraft designed
by other firms. Boulton Paul joined Fairey in the production of the Barracuda
torpedo-bomber, and Blackburn also built the Barracuda, the Short Sunderland flying
boat and the Fairey Swordfish torpedo-bomber. Westland produced the Spitfire and
Seafire, and Saunders-Roe built Supermarine seaplanes.

Between 1939 and 1941 the group schemes were substantially revised. The
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composition of the groups changed, as did some of the aircraft which they were
intended to produce. Nevertheless, the five principal groups established by the Air
Ministry for the Wellington, Halifax and Manchester bombers and for the Merlin and
Hercules engines ultimately absorbed more than half the resources of the wartime

aircraft industry.

(ii) The Shadow Schemes

The introduction of Scheme F in 1936 led the government to abandon its policy of
working only through the established aircraft industry. A new ‘shadow’ industry was
created. It was always seen as a useful war potential, but the initial decision to seek
the assistance of the motor industry was dictated entirely by the time limit which the
government had set for the peacetime rearmament programme. This affected both the
quantity and quality of the aircraft with which the RAF was equipped on the outbreak
of war in 1939.

When Scheme F was drawn up at the end of 1935 the Air Ministry envisaged
spending £29 million on aircraft in 1937 and 1938, and it was thought that the
enlargement of the industry undertaken for Scheme C would be sufficient to secure
the numbers of aircraft and engines involved. Shortly before Scheme F was presented
to the Cabinet, however, the Chief of the Air Staff pointed out that these plans would
leave a substantial amount expenditure to be carried into 1939 and subsequent years,
whereas his instructions were to complete first-line preparations by the end of the

financial year 1938 (31 March 1939). In consequence, no less than £12 million were
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pushed back into the two previous years. This was done ‘quite arbitrarily and without

working out any of its implications - a species of crazy finance which was
unfortunate, but inevitable in the circumstances’.% |

The revised financial plans had then to be translated back into aircraft. The
Air Ministry had hoped, somewhat optimistically, for an output of approximately
3,000 aircraft in 1937. But the new cash figures implied a rate closer to 4,000. The
Secretary, Sir Christopher Bullock, considered it ‘most improbable that an output of
4,000 aircraft per annum can be attained without going outside the existing industry’.
In other words, the government was about to allocate a sum of money to aircraft
production which could not possibly be spent between 1936 and 1939 because the
necessary industrial capacity did not exist. Bullock therefore proposed that the
additional aircraft be obtained from those automobile firms which the Committee of
Imperial Defence had allotted to the Air Ministry as war potential, and this
recommendation was subsequently accepted by the Secretary of State.®’

There were both advantages and disadvantages involved in the implementation
of a shadow scheme at this time. The Air Ministry and its contractors gained
invaluable experience of the problems which accompanied shadow production, but the
lessons were only learned at considerable cost. The shadow industry had to be
planned to produce established designs so that completed drawings and process sheets
were available from the outset.® Yet the new factories took time to build, equip
and staff. As aeronautical technology was advancing rapidly there was thus a danger
that the type of aircraft ordered would become obsolete by the time production
commenced.%

This was not a problem unique to Britain. During the war the German
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company, Adam Opel, took so long to prepare for aircraft production that tooling had

only been completed for an obsolescent type shortly before the firm was directed to
tool up for a newer model.”™ In Britain the motor industry was initially required to
assist with the creation of the 70-squadron bomber force which was the principal
objective of Scheme F. Yet the only modern bomber designs near completion in
1936 were the Battle and the Blenheim. By the time shadow production started in
1938 the Battle was obsolete, and the Blenheim had been superseded by more modern
designs like the Vickers Wellington,”

The organisation of shadow production proved no less perplexing for the Air
Ministry. The most rapid and economical method of producing the 4,000 Bristol
Mercury engines required for the Blenheim (and several other aircraft) by April 1939,
the method favoured by Bristol and the leading motor firms, was for each of the
seven participating companies to concentrate on one of seven sections of the engine.
This would minimise the technical and supervisory burden on Bristol and avoid the
duplication of jigs, tools and gauges at a time when Britain’s tool-making capacity
was being stretched to the limit. On the other hand, the Air Ministry wished to
educate the motor industry for the production of complete aero-engines in wartime,
and therefore favoured a scheme whereby each firm would have made one of two
sections of the engine.”

Disney believed the seven-unit scheme (which was eventually reduced to five
units after the departure of Wolseley and Singer) would be cumbersome, expensive
in terms of management fees, and vulnerable to air attack.” The time factor
nevertheless persuaded Swinton and Weir to defer to the industrialists. Where the

airframe factories were concerned, however, the opposite view prevailed. The new
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works were entirely self-contained, planned on an elaborate scale and instructed to
jig and tool for unlimited numbers of aircraft. This was more than justified at
Rootes’ Blenheim factory, but tooling expenditure at Austin’s was disproportionately
high in relation to the total cost of the 1,000 Battles produced there.”

Hence the Air Ministry’s early experiences of shadow production were less
than satisfactory. Yet the ministry did not lose faith in the shadow concept, and the
industry was enlarged following the commencement of Scheme L. No longer was
shadow capacity merely required to help fulfil the peacetime aircraft programme; the
new factories were planned as war potential in the expectation of producing large
numbers of standardised aircraft. The Nuffield organisation agreed to manage a
Spitfire shadow factory at Castle Bromwich capable of producing 240 aircraft per
month. The armaments manufacturers, Vickers-Armstrong, assumed responsibility
for managing two new assembly plants for the production of the Wellington.”® The
two airframe shadow factories, Austin and Rootes, were enlarged and were joined by
English Electric and Metropolitan Vickers in new heavy bomber production
groups.” A second shadow aero-engine scheme, involving Daimler, Standard,
Rootes and Rover, was set up to produce Bristol’s Hercules engine.” And in 1939
work commenced on a Merlin engine shadow factory in Manchester under the
management of the Ford Motor Company.” Neither the heavy bombers nor the
Hercules engine had been fully developed at the time the later schemes were
implemented. But the existing professional and shadow industry was rapidly gaining
experience in the manufacture of new types of aircraft and engines. There were still
risks involved in farming out undeveloped models, but these had now to be accepted

to reduce the danger of aircraft becoming obsolescent before production began.
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New factories were also constructed at government expense for management
by the professional aircraft industry. This went against the grain of Air Ministry
thinking in the pre-rearmament years but was, nevertheless, essential because of the
sheer scope of the acceleration required after 1938. Moreover, the experience of the
first shadow schemes suggested that quality and quantity could be more effectively
co-ordinated if close links were maintained between design and production
capacity.®® Hence wartime output of such important products as the Lancaster
bomber and the Merlin aero-engine came mainly from factories managed by the
design firms, A.V. Roe and Rolls-Royce, and built at Air Ministry expense between
1938 and 1940. These firms were, however, assisted by very large numbers of
subcontractors from outside the aircraft industry.

The new schemes proved far more successful than their predecessors in
creating mass-production capacity for up-to-date first-line aircraft and aero-engines.
This was in part because of the Air Ministry’s willingness to gamble on undeveloped
models, and in part because the majority of professional firms proved capable of
shouldering much greater managerial responsibilities than the ministry initially
expected. But the principal reason was simply that the rate of obsolescence,
particularly high in the mid-1930s, tended to slow during the early years of the war,
so that modified versions of designs which first appeared in 1938 and 1939 retained

their operational utility until 1945.%
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iii r

When Scheme C was sanctioned by the government in 1935 it seemed certain that the
supply of labour would not keep pace with the demand created by the new defence
programme. Joint consultations between the service departments and the Ministry of
Labour resulted in the creation of additional capacity for engineering trainees at the
government’s training centres,*? but there were some who advocated a more active
labour supply policy. The Air Ministry planners had always expected that in wartime
production would be taken to available labour by subcontracting, and it was the Prime
Minister himself who suggested to the DRC ‘making aircraft in parts and then
assembling them’ - in effect, subcontracting production.®® In July 1935 Alexander
Ramsay, a director of the Engineering Employers’ Federation (EEF), made a similar
suggestion to the Air Council. There was, he argued, ‘a large part of aircraft
production which could be done by the general engineering industry and which would
have to be done by that industry in war.” The ministry should immediately extend
Aits existing system of central purchasing beyond so-called ‘embodiment loan’
equipment to airframe components, jigs and tools.*

As well as solving labour supply problems such a scheme would have had the
advantage of creating more assembly capacity in the aircraft industry, which in turn
would have allowed the Air Ministry to order fewer designs in larger quantities. But
there were also several objections to this approach. Firstly, while Ramsay argued
that the general engineering industry should be educated for war production, the Air
Ministry believed that the needs of war production would best be served by the

expansion of the professional aircraft firms. In consequence the ministry had already
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taken the decision to work through the approved contractors, leaving them to
subcontract as necessary. It was felt that Schemes C and F provided a valuable
opportunity for the industry to gain experience in quantity production methods.*
In any case, the Air Ministry had always been reluctant to subcontract airframe
manufacture until production designs had been standardised.*® It was very much
simpler for the firms to ‘debug’ new designs in their own factories than for
modifications to be incorporated by a network of subcontractors, all of whom had to
be supervised. Ramsay, of course, knew very little about the technical changes which
were then taking place in aircraft design.

So there were cogent arguments against subcontracting during the early stages
of rearmament. The Secretary of State for Air expressed the view that it represented
‘a much more complicated question which would have to be dealt with over time.’®
Weir acknowledged that ‘in war the system of centralised purchase is essential’, but
he felt that ‘peace conditions may well warrant an entirely different policy, especially
in regard to supplies of a highly technical character’. Bullock also expressed the view
that the EEF’s suggestions should not be pursued.®®

The issue was not pressing, for labour supply was generally adequate during
1936 and 1937, but it was clear that shortages would occur if rearmament was
accelerated. As a greater degree of design standardisation was attained the Air
Ministry’s attitude towards subcontracting therefore began to change. In December
1937 Freeman suggested creating ‘a new satellite sub-contracting organisation’ to help
fulfil the next expansion plan.*® Disney agreed. ‘Unless something drastic is done
in connection with this question of sub-contracting’, he warned, ‘we shall not attain

anything like the aircraft we hoped for under Scheme L’.
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Weir remained uncertain. Following the Anschluss he recommended the
introduction of a much more vigorous production policy, but he still opposed
subcontracting. Swinton also preferred to concentrate production on the professional
and shadow aircraft industry. Subcontracting, he told the Cabinet, would cause
considerable difficulties because ‘contracts ... were all placed, and the various works
laid out, jigged and tooled to deal with the whole contract.” The alternative was
to arrange double shifts at all aircraft factories.” Yet this immediately raised the
question of recruiting additional labour. On 28 March and 5 April discussions were
held with the EEF about the possibility of transferring workers to factories engaged
in rearmament work. The government encountered entrenched opposition, and the
question was shelved pending consultations on labour dilution between the EEF and
the Engineering Unions.” No further progress was made before Swinton and Weir
left the Air Ministry on 16 May.

Scheme L was based on hurried estimates made by the aircraft firms of the
practicability of extending their plant and machinery to accommodate more labour.
The assumption was that adequate supplies of labour would be available. However,
their calculations were believed by the Supply Committee to be somewhat optimistic,
and in several cases the estimates were reduced before orders were placed. Yet
Freeman was, even then, doubtful of the firms’ capacity to fulfil the new production
targets. ‘I feel that a more detailed investigation ... is essential’, he wrote, ‘to
ascertain the weak spots in each programme so that prior steps can be taken to avoid
a breakdown.’ He went on to suggest that statistical information should be compiled
showing the existing and future requirements of each firm in relation to floor space,

labour, machine tools, equipment and material.*
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The investigation became Lemon’s primary objective between June and August
1938. He was assisted by a Canadian production engineer, Lewis Ord, and later by
a British management consultant, T.S. Smith, who ‘became Director of the new
Statistics and Planning section. Although not as comprehensive as Freeman initially
intended, Lemon’s report was sufficiently thorough to demonstrate that the floor space
and machining capacity at most airframe firms was adequate for the peacetime
programme, and to focus attention on the problem of labour supply.®

The consultations between the EEF and the engineering unions in May failed
to produce any agreement over dilution. This did not prevent some de-skilling and
upgrading by the aircraft firms, and as the volume of output increased the ratio of
semi-skilled to skilled labour tended to rise. Moreover, recession in the engineering
industry had helped to improve the supply of skilled labour somewhat.* Yet by
August 1938 the size of the work-force was only increasing by six per cent per
month, and Lemon considered this totally inadequate. With the EEF opposing the
introduction of labour transfers, and the unions resisting dilution, the only alternative
was to distribute aircraft work to the general engineering industry.” Airframe firms
were therefore encouraged to subcontract 35 per cent of productive man-hours and
to set up subcontract departments to supervise outside firms.*® At the same time a
directorate of subcontracting was created within Lemon’s department to establish the
suitability of potential subcontractors,” and nearly all new aircraft factories
sanctioned between 1938 and 1940 were planned on the basis that a large proportion
of work would be subcontracted.'®

Not that Lemon’s staff was unanimously agreed that subcontracting provided

the answer to the labour problem. Ord believed strongly that the productivity of the
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existing labour force could be increased. ‘Subcontracting ... would be bound to
lower the efficiency and raise average manufacturing costs. This would make a bad
situation worse.” While subcontracting was being extended, therefore, the ministry
should seek to establish the causes of low productivity at some of the firms.'”
During 1939 two detailed studies of production costs were in fact undertaken.'®
But in 1938 the production figures did not provide a very reliable basis for
measuring labour productivity. The two shadow airframe factories, both Vickers
factories, Handley Page, Short Harland, and A.V. Roe’s Blenheim factory were not
in full production, and in 1939 the industry proved capable of a much higher output
than it achieved in 1938 without any pressure from the Air Ministry to increase
efficiency. Lemon’s investigation, made in the summer of 1938, exaggerated the
likely shortfall in labour supplies. ‘I rather stressed the labour point’, he wrote to
Frederick Handley Page, ‘because I did not see at the time it was possible for people
to so reorganise their factories that the labour force would not require to go up
proportionately to the number of man-hours required per machine.”®
Nevertheless, the DGP’s plans for subcontracting progressed rapidly during the
following twelve months. By July 1939 more than 1,200 firms were engaged in

airframe subcontracts, accounting for fifteen per cent of airframe labour.'®
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(iv) Aircraft Equipment and Aluminium

Between 1935 and 1938 airframe production represented the single most troublesome
constraint on the entire aircraft programme, and it was inevitable that the Air
Ministry’s efforts to accelerate production should have been focused on the airframe
sector. Yet with the development of mechanically operated gun turrets, variable-pitch
propellers, retractable undercarriages and more complex radio and electrical
equipment, aircraft production was becoming increasingly subdivided, and the output
of each section of the industry had to be carefully scheduled to prevent shortages of
particular components.

During 1936 and 1937 shadow factories were approved for the production of
propellers, guns, and carburettors. The most important of these was a factory
managed by de Havilland at Lostock which ultimately produced more than half of all
the propellers made in Britain during the Second World War. The Air Ministry also
persuaded Bristol and Rolls-Royce jointly to establish a new company, Rotol, for the
development of variable-pitch propellers.'® In spite of these measures, however,
nothing like sufficient capacity existed in April 1938 to meet the requirements of
Scheme L, let alone those of the war potential programme, and with hindsight Lemon
was to argue in 1939 that there had been ‘a lack of balance ... which, unless adjusted,
would sooner or later have led to a breakdown.’'%

In planning for both peacetime and wartime production Lemon’s staff sought
to improve this balance. Between the summer of 1938 and December 1939 the
Supply Committee sanctioned capital expenditure exceeding £70 million which was

intended to give Britain the capacity to fulfil the War Potential programme of 2,000
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aircraft per month by the end of 1941. Apart from airframe capacity, three new

factories for Rolls-Royce aero-engines were sanctioned, along with the second Bristol
engine shadow group and new factories for both Bristol and Napier. Two carburettor
shadow factories were authorised, capacity for Rotol airscrews was expanded, and
Lucas, Daimler and Brockhouse Engineering joined Parnall Aircraft and Boulton Paul
in the manufacture of gun turrets.'”

Of course, the balance was not perfect, but the gaps were more the
consequence of miscalculation than neglect. A Director of War Production Planning
was appointed and a series of war programmes drawn up. The programmes were
based on existing plans for the expansion of industrial capacity and on the
acceleration believed possible under wartime conditions. Airframe production was
placed at the centre of the programme, and requirements for materials, engines, guns,
turrets and other equipment were then analysed in detail.!® The two most serious
underestimates, heavy bomber undercarriages and Rotol airscrews, resulted from
uncertainty about the extent of wartime requirements for new designs and unexpected
difficulties in expanding wartime output.!® Conversely, an anticipated shortage of
aero-engines never materialised.!'’

Space prohibits a detailed analysis of the Air Ministry’s activities in each
industrial sector from being made here. But the depth and scope of the expansion
plans for one particular sector, the aluminium industry, may be taken as
representative of the ministry’s plans for the aircraft industry as a whole. By the late
1930s most military aircraft were constructed of aluminium alloys. In the first years
of rearmament there were few clear signs of shortages in the supply of this material.

The DAP lacked sufficient resources to undertake a detailed investigation of

~
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aluminium capacity, but supplies appeared to be sufficient for the first-line targets set

by Scheme F, and the Air Ministry had no authority to plan additional capacity for
war potential. In any case, a large-scale expansion of the aluminium alloy industry
was in progress; between 1936 and 1939 the annual British output of fabricated alloys
increased from 6,000 tons to 40,000 tons.'! However, early in 1938 the
aluminium producer, ICI (Metals) Ltd., produced a survey of British aluminium
production suggesting the probable emergence of ‘a very awkward hiatus’, and the
company recommended that shadow factories should be built to augment output.''?
Similar conclusions were reached by Lemon’s staff. Adequate capacity existed in
Britain to support Scheme L, but this ‘would be only just sufficient to meet
requirements in an emergency if both domestic use and export of aluminium were
entirely suspended.’'

After the Czechoslovak crisis in September and the acceleration of Scheme L,
immediate deficiencies were surmounted by importing supplies from abroad, and
factory extensions were sanctioned with the objective of increasing the output of
aluminium sheet and strip from about 20,000 to 30,000 tons per year. Then, as the
international situation deteriorated further in the spring of 1939, the decision was
taken to double the capacity of the entire light alloy industry. One-third of the new
capacity was sanctioned in April, and the remainder put in hand between July and
August. Following the finalisation of war production plans in October seven more
projects were authorised together with the purchase of specialised plant.'™

A matter of increasing concern was the supply of light alloy extrusions, the
use of which had become widespread in aircraft design since 1935. During 1939 the

Air Ministry made arrangements to double Britain’s extrusion capacity, but on the
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outbreak of war just 21 extrusion presses were in operation - seven days a week, 24
hours a day - most of which had been made in Germany. Lemon therefore took steps
to accelerate press manufacture in Britain by recruiting a suitably experienced
engineer to act as adviser to British machine firms. The ministry scoured the
international market and prevented the export of two British presses. Aluminium
firms were encouraged to adopt alternatives to extrusions for the production of light
alloy sheet, and aircraft designers were instructed to use only standard extrusions.
Extrusion speeds three times as great as those previously thought possible were
achieved after alterations were made to the chemical composition of light alloy.!"

Another significant response to the threat of light alloy shortages came at the
administrative level. In January 1939 a committee of industrialists and Air Ministry
officials was established to supervise light alloy distribution; and following the
outbreak of war the light alloy industry set up a voluntary control which organised
priority and planning arrangements for the four light alloy sectors: sheet and strip,
extrusions, castings, and forgings. The controllers in turn co-operated closely with
the the Air Ministry’s Directorate of Materials Production, the aircraft industry and
the Aluminium Control of the Ministry of Supply.!'®

The Air Ministry believed that British alloy manufacturers would be able to
meet virtually all the requirements of the aircraft programme when the various
expansion plans were complete. However, British output of virgin aluminium
amounted to only one-quarter of estimated requirements for the first year of the war.
By September 1939 the Air Ministry had initiated plans to raise British production
from 31,000 to 41,000 tons, but this still left a substantial deficiency. Limited

supplies were expected from the USA, Switzerland and Norway, but the most
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promising source was the Canadian aluminium industry, which had a capacity of
approximately 100,000 tons per year. In September 1939 arrangements were
therefore made to import 60,000 tons of virgin aluminium from Canada in the
following twelve months. Total production and imports would then amount to
128,000 tons. By mixing alloy scrap with virgin aluminium it was expected to
produce a further 32,000 tons, so meeting the total requirement of 160,000 tons.!"’
Yet even British and Canadian aluminium production combined was expected to be
inadequate for the second year of a war. So in October the decision was taken to
create additional capacity in Canada capable of producing another 100,000 tons per
year.!”® By 1941 the Canadian industry was providing Britain with more than half
its total aluminium requirements.

These attempts to balance the output of the different sectors of the aircraft
industry marked an important development in the progress of industrial planning.
However, the new airframe factories, which were last in the sequence of
manufacture, were the first to be sanctioned; many of the plans for increasing the
output of ancillary items were initiated later.'”® Moreover, much of the capacity
sanctioned between 1938 and 1939 was essentially war potential and was not
scheduled to become productive until 1940 and 1941. Of proposals involving an
expenditure of over £30 million on capacity for ancillary equipment, Lemon could
record as late as July 1939 that only ‘some of these have already been approved by

the Treasury’.'?!
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4. Conclusion

British air rearmament between 1935 and 1938 involved only a limited state aircraft
production policy. By encouraging the expansion of the professional aircraft industry
the Air Ministry rightly expected to enlarge Britain’s war potential. Yet in the
selection of aircraft and the allocation of contracts the ministry was not in a position
to introduce what Lord Weir termed a ‘war regime’ involving group schemes and
subcontracting.'? The immediate aim was to fulfil the first-line targets of Schemes
C and F. It proved impossible to restrict orders to one type per class because
individual firms often lacked sufficient capacity to fulfil all the Air Ministry’s
demands by the April 1939 deadline, and because the ministry initially refused to
contemplate the risks and delays involved in farming out unstandardised designs. The
rapid advance of aeronautical technology also militated against any attempt to
concentrate available resources on proven aircraft. For the proven aircraft of 1936
were invariably obsolescent by 1939.

The truth was that a production policy could only develop within limits
imposed by industrial factors over which the Air Ministry initially had minimal
control. The fundamental constraint on aircraft production was technical change.
Until the new technology had been mastered by the firms there was very little that the
ministry could have done to accelerate output. For the same reason the functions of
the Air Ministry’s production department were restricted to providing advice to the
industry and to reporting particular problems to the Air Council.

The development of a more comprehensive state production policy in 1938

was primarily a response to the Anschluss. But it was not simply the political
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situation which had changed. Aircraft ordered at the beginning of rearmament were
now entering production. A degree of technical standardisation was attained which
had hitherto been lacking. The contractors now had more technical and
manufacturing experience than in 1936. At the beginning of rearmament quantity had
necessarily been sacrificed to quality. After 1938 output could be multiplied without
jeopardising the operational efficiency of the RAF first line.

To implement the new policy production experts were recruited from the
engineering industry. A formal consultative process was established with the
industrialists. Separate departments were set up to deal with all aspects of the DGP’s
work, and their functions were co-ordinated through committee meetings and
production programmes. Within a short space of time an enormous volume of
expenditure was approved. Group production schemes were organised; the aircraft
industry and its ‘shadows’ were expanded and more general engineering firms
introduced to aircraft manufacturing; subcontracting was adopted as official policy;
and much more attention was paid to the supply of aluminium and aircraft equipment.
It is true that there were several important oversights. Nevertheless, by September
1939 an industrial structure was emerging which conformed broadly to plans first
drawn up by the Air Ministry in the mid-1920s.

While the task of planning war production proceeded, the output of aircraft
expanded by no less than 180 per cent during 1939.'2 Intelligence assessments
indicated that the output of the British aircraft industry was overtaking that of its
German counterpart, and this helps to account for the government’s willingness to go
to war in September.'” Freeman and Lemon would almost certainly have preferred

to wait until the following year when much of the capacity laid down since 1938 was
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scheduled to commence production. ‘It is inescapable’, Lemon warned, ‘that our war
effort, if planned on a long range basis, must entail acceptance of an output curve in
the meantime related to pre-war planning’.'* |

But the government was unable to accept the implications of such a delay.
Rearmament was threatening the country with bankruptcy. In 1939 production
expenditure on aircraft and associated items alone totalled £147 million.'” The
value of aircraft contracts placed in that year exceeded £400 million.'” S'uch an
outlay, when added to the other costs of rearmament, was far greater than the
peacetime economy could sustain.'?® Mobilisation was thus an essential prerequisite
to the fulfilment of the rearmament and war potential programmes launched after the
Anschluss.'”” The challenge facing the Air Ministry in the first months of the war
was that of bridging the gap between the achievements of 1939 and war preparations

which could not become fully effective until 1941.
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HAPTER

THE AIRFRAME INDUSTRY AND MILITARY AIRCRAFT PRODUCTION
1935-39

The main features of the British airframe industry in the inter-war years were
described in chapter 1. By the standards of the day the industry was large, and its
output was relatively high. It was dominated by three substantial concerns - Hawker
Siddeley, Vickers, and de Havilland. But its capacity was nevertheless far lower than
that considered necessary by the government to fulfil wartime requirements.
Moreover, the emphasis on military and private aircraft design in Britain had resulted
in a slower transition from the biplane to the monoplane than that achieved in the
United States and Germany, and this transition was far from complete at the
beginning of rearmament.

The Air Ministry harboured no illusions about the qualitative inferiority of
British aircraft compared with the best foreign types in 1935. At the beginning of
Scheme C Lord Weir denounced what he saw as ‘a deplorably weak situation’. While
a number of promising monoplanes was under development such aircraft did ‘not
constitute any part of the definite programme.’ In the medium bomber class ‘no
really modern type whatever [was] available for production’. Light bomber
requirements were to be met by obsolete biplanes like the Hawker Hind. ‘By March,
1937°, Weir concluded, ‘our 30 light bomber squadrons, three sevenths of our total
strength, will be machines with a cruising speed of 150 mph, carrying 500 Ibs of

bombs at 450 miles range.”!
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Substantial numbers of obsolescent types were constructed between 1935 and

1938. In 1936, for example, Hawker biplanes alone accounted for 50 per cent of
sales to the Air Ministry, and even in the following year the figure was as high as 29
per cent.? Given the prevalence of such aircraft in first-line service in the mid-
1930s, the Air Staff’s eagerness to re-equip the RAF with more modern designs
during the course of Scheme F is easily understood, and initially there was
considerable optimism in both the Air Ministry and the aircraft industry that the
programme could be achieved by the target date of 1 April 1939. ‘The production
of a total of 655 machines by March 1939 will be easily attainable’, Richard Fairey
told Newall, ‘and represents a low normal for a factory the size of Stockport.” In
May 1936 Disney noted that ‘great strides have been made ... with [Vickers’]
geodetic system.’ It was thought that the first Wellingtons would emerge in May
1938 and that production might eventually reach one per day. Disney also saw
Bristol as ‘a most efficient production unit ... capable of producing all the medium
bombers we want of them.™

These were indeed confident predictions. The acceleration of rearmament in
1936 forced some companies to re-jig for large-scale production, and this alone was
the cause of some delay. Yet the industry’s task was not simply physical expansion,
nor the multiplication of output. Although the expansion of capacity took time, it is
quite possible that the original production targets would have been achieved if
rearmament had been purely a question of quantity. But instead the aircraft industry
faced the much more formidable challenge of co-ordinating expansion with the
adoption of a novel and highly sophisticated technology. The new monoplane

bombers and fighters were both larger and much more advanced than any aircraft
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previously built in Britain, and their design and development caused acute technical -
problems which took longer to solve than the firms initially expected. Until 1938
deliveries of these types fell far short of the levels promised by the industry or
anticipated by the government, and relations between the two parties deteriorated
drastically as a result.

The Air Ministry’s stock explanation for the problems of the early rearmament
years was that the firms were inefficient. This charge would certainly have been
justified had the industry proved incapable of producing standardised designs in
quantity. But given the absence of standardisation between 1936 and 1938,
allegations of inefficiency are not entirely warranted. Technical change, more than
any other factor, prevented the industry from fulfilling its production goals, and
insofar as technical change was necessary to improve the operational quality of first-
line aircraft it represented an obstacle which was impossible to avoid. One aim of
this chapter is to illustrate in detail some of the ways in which the revolution in
acronautical technology disrupted British aircraft production. It will be shown,
however, that as soon as a degree of design standardisation was attained the industry
broke free of these technical constraints. Production accelerated rapidly in the twelve
months preceding the outbreak of war, reaching higher levels than originally expected

by the Air Ministry.
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1. Production Delayed

On paper, Scheme F envisaged the production of 8,000 aircraft between March 1936
and March 1939. In practice some carry over beyond the deadline date was always
expected. In programmes drawn up for 3,000 of the more modern types, for
example, the Air Ministry calculated that 600, or one-fifth, would be delivered after
March 1939. Nevertheless, production in 1937 and 1938 was far lower than
originally anticipated. 220 Fairey Battles were originally expected in 1937; actual
output totalled only 80. 330 Bristol Blenheims were scheduled; only 117 were
delivered. Spitfire production was expected to start in September 1937 and 165 were
scheduled for delivery in the following twelve months. The RAF received just five.
It is difficult to assess the total deficit because the Air Ministry’s plans were subject
to continuous revision, but programmes for twelve of the fifteen principal airframe
firms provided for the production of 2,200 aircraft in 1937. In the event this was as
much as the entire industry could deliver in that year, and the proportion of
obsolescent types was considerably higher than expected.’

The weaknesses of the Air Ministry’s programming machinery have already
been discussed. When these schedules were drawn up Disney himself warned that
‘it is still too early to give a reliable forecast’ and that ‘the figures on the programme
are pure guesswork.’® Yet the programmes were prepared in consultation with the
firms and both sides apparently believed that they were not unduly optimistic. Why,
then, was production so seriously delayed between 1936 and 1938?

The transition from the relatively limited aims of Scheme C to the much more

ambitious targets of Scheme F had far-reaching industrial implications, both for the
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aircraft industry and for the engineering industry as a whole. Production had to be

extensively reorganised, and reorganisation took time. Under the earlier scheme
contracts for the new monoplanes never exceeded 150 aircraft and for most firms
were considerably smaller.” Subsequently the much larger orders placed for Scheme
F compelled the industry to invest far greater sums in plant and machinery. As the
SBAC recorded in 1937, ‘plans which were adequate for jigging and tooling
production of, say, less than one hundred aircraft were unsuited to the production of
several hundreds. Plans drawn up to meet the requirements of the 1935 programme
and already partially fulfilled had to be scrapped and fresh plans prepared.’®

This was to some extent a question of economics. For example, in a
comparison (see table 7) between tooling costs and manufacturing costs Bristol found
that the use of the most elaborate and expensive tools (‘grade A’) could not be
justified until 400 units had been produced. Thereafter the employment of such tools
resulted in a continuous fall in manufacturing costs, while the use of less sophisticated
tooling brought these reductions to a halt. Data for the Spitfire (see table 8) indicates
that a similar ‘break even’ point could not be reached until at least S00 units had been
produced with the most advanced tools (‘press tools’).’

So when, in May 1935, the EEF suggested that aircraft firms should make
more use of press tools, it was pointed out that the quantities of aircraft on order
were ‘frequently too small to make this a practicable proposition from the point of
view of cost’.'® But in February 1936 Fairey embarked on a very extensive jig and
tool programme for the Battle, and in the same month Bristol reported to the Air
Ministry that ‘in view of the materially increased programme we are now completely

reconsidering our production tooling.’"!
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Table 7. Bristol Production Costs

Cumulative Aircraft Production Cost Units
Grade A Tools Lower Grade Tools
50 175 70
200 50 35
400 34 35
I 800 25 35 “

Source: Connolly Papers, data supplied by H.J. Pollard of the

Bristol Aeroplane Company.



Table 8. Spitfire Detail Part Pr

ion_Costs

Cumulative Aircraft
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Production COStS (pence)——------------

Press Tools Bench Tools
" 100 385 25 II
300 133 100
500 82 75
44 57

l 1,000

Source: PRO BT 28/423.
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The level of tooling was also influenced by the availability of labour. Jigging

and tooling allowed firms to increase the proportion of semi-skilled labour employed
on the production line. But the tools themselves had to be made by skilled
tool-makers which were in short supply. The industry was reluctant to aggravate this
shortage unless there were overwhelming arguments in favour of engaging larger
numbers of semi-skilled workers, and during Scheme C most firms decided to tool
up on a limited scale and to retain a high proportion of skilled labour for
production.’? But Scheme F dictated the opposite policy to the largest contractors
because the skilled labour necessary to achieve the increased production targets was
unavailable. By the early months of 1936, therefore, considerations of both cost and
manpower were forcing the industry to accept a much higher level of mechanisation
than had previously been employed. The revision of earlier plans tended to
disorganise production and took longer to complete than originally expected because
of delays in the delivery of jigs and tools sometimes amounting to more than twelve
months.

This, in turn, was a complex problem and not merely a reflection of
inadequate domestic capacity for small-tool manufacturing. Jig and tool manufacture
could not even begin before new aircraft designs had been standardised. Moreover,
deliveries would have been greatly improved had the number of different aircraft in
the Air Ministry’s programme been reduced. Every different type of aircraft required
a different set of jigs and tools; a more rational aircraft programme would have
allowed for much more efficient jig and tool production. Yet there were very
good reasons for the multiplication of different designs, and under the circumstances

there was no alternative but to accept that conditions were not ideal for maximising

s



126
output.

The constraints imposed by purely physical shortages are easily exaggerated.
The key obstacle facing the aircraft industry was the technological revolution of the
mid-1930s. The externally braced and strutted fabric-covered biplanes which had
served the RAF for much of the inter-war period had now to be replaced by
cantilever (usually) metal-skinned monoplanes, embodying devices such as
variable-pitch propellers,’ retractable undercarriages and tail wheels, and wing
flaps. As the aerodynamic efficiency and performance of aircraft increased, so too
did the loads and stresses imposed on aircraft structures. Concurrently military
demands became much more severe.

Mastering this new technology was always certain to be a long and complex
process, and the aircraft industry was not entirely to blame for the difficulties which
arose. When apportioning work between the firms the Aif Ministry took no account
of design capacity, and in consequence available resources were dispersed among too
many different projects. Neither Hawker nor Blackburn controlled more technical
facilities than the majority of companies, yet between them they received design
contracts for no fewer than seven different types in 1936.° At Hawker the
diversion of effort to unsuccessful aircraft like the P4/34 bomber and the Hotspur
fighter delayed metal wing development for the Hurricane."”

Most firms had to design and produce at least two different aircraft during the
course of rearmament. Vickers built the Wellesley and the Wellington, Handley Page
the Harrow and the Hampden, Gloster the Gauntlet and the Gladiator. The
production of the Wellesley at Vickers was set back by three months because

resources were diverted to the Wellington prototype.'® Handley Page criticised as
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‘wasteful’ the Air Ministry’s decision to order only 100 Harrows. The technical

expenditure involved was high in relation to the number of aircraft actually built, and
production ceased just as peak output was reached.' Gloster’s managing director
believed that output could have been increased by one-third in 1936 and 1937 had his
company been able to concentrate on a single type.?

Service demands for ancillary equipment also caused problems for the
industry. One design, de Havilland’s Don trainer, failed completely because of
excessively complex RAF specifications. As Lord Swinton commented, ‘the amount
of equipment specified ... was more than it was reasonable to expect the aircraft to
carry.’ Indeed the challenge facing the industry lay not only in mastering a new
technology, but in accommodating military requirements within that technology.
‘Britain First’, the all-metal civil monoplane built by Bristol for Lord Rothermere,
flew in 1935, but the aircraft had to be almost completely redesigned before it
emerged in 1937 as the Blenheim bomber.?

The Air Ministry recognised that it bore some responsibility for guiding new
projects through design and development and into production. As already noted,
proposals were periodically made to reduce the ministry’s influence over design.
This became the official policy in 1934, but it is impossible to know how effective
it really was. Complaints from contractors about unwarranted interference by
government ‘experts’ remained common throughout the rearmament years and in
December 1937 the AMRD complained, just as the DTD had complained in 1934,
that ‘specifications are ... far too detailed’. He went on to suggest that ‘specifications
should be simplified to the extent of concentrating on the fundamental requirements,

leaving more latitude to designers than at present.’?
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New aeronautical and military technology created fundamental difficulties for
the aircraft firms. These recurred throughout the design history of the majority of
aircraft built in the mid-1930s, but Handley Page’s Hampden bomber provides the
best example. Handley Page was regarded as a highly competent manufacturing unit
by the Air Ministry, and during the rearmament years the company initiated several
important changes in aircraft production methods which brought substantial gains in
productivity. Yet such advances counted for little until the fundamental design
problems facing the industry had been overcome.

At the commencement of rearmament Handley Page underestimated the
technical effort required to develop the Hampden successfully. More than twice the
number of man-hours was absorbed in its design than in that of Handley Page’s
previous model, although it was apparently hoped that design costs might be
reduced. The technical problems were exacerbated by the very low weight limits
demanded by the Air Staff’s original B9/32 bomber specification, from which both
the Hampden and the Vickers Wellington were developed. The removal of these
restrictions after the collapse of the Geneva disarmament talks helped persuade both
companies to redesign their respective tenders.

The spiralling inflation of expenditure which accompanied the development of
the Hampden was accepted by Handley Page with the greatest reluctance. As early
as December 1934 the firm’s chief draughtsman, Ratcliffe, circulated a gloomy
memorandum to other senior executives stating: ‘We have now spent a considerable
sum of money in the drawing office and so far no finished drawings have been
produced’. Ratcliffe referred to numerous alterations which had made it almost

impossible to estimate design costs accurately. ‘This may be a particularly
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unfortunate design’, he concluded, ‘but when the day of reckoning arrives, the writer
hopes that all concerned will remember these changes and the various reasons for the
high design costs of this aircraft.””® Only in March of the following year was
Ratcliffe able to provide a timetable for the completion of design work, and in doing
so he again warned against making subsequent alterations. ‘No departure should be
made without the full effect on the design programme being thoroughly
recognised.’?

Prototype design and manufacture subsequently proceeded in parallel with the
Vickers Wellington. Handley Page monitored the Wellington’s progress closely, and
when its qualitative superiority became apparent there were fears that the entire
Hampden project would be abandoned.®® A host of minor technical troubles delayed
the flight of the prototype, and although Handley Page ultimately received a
production order (for reasons discussed in the previous chapter) flight trials disclosed
the need for a number of modifications and it was not until July 1937 that the
prototype was finally accepted. Two months later the Air Ministry decided that the
armament installation should be changed and as a result the front fuselage was
completely redesigned.”

In consequence some basic design work was still in its initial stages nearly six
months after the commencement of production planning and jig and tool design and
manufacture. Modifications to the Harrow and preparations for future projects like
the Halifax dictated that at peak only 69 draughtsmen could be employed on the
Hampden. To the first flight of the prototype in 1936 the technical man-hours spent
on the aircraft numbered 180,000, but this figure represented only 53 per cent of total

technical man-hours. Detailed drawings were not completed until August 1938, the
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month in which the first production aircraft was delivered to the Air Ministry.*

Once mastered, the new technology had to be incorporated into aircraft which
were suitable for large-scale manufacture. Within the firms this question caused
considerable friction between production and technical staff. Designs were often
criticised for their excessive complexity, although designers could always argue that
it was performance rather than ease of production which ultimately sold military
aircraft.®® It was typical that Vickers’ designer, Barnes Wallis, should have
complained retrospectively of ‘the practical shop element of personnel at [Vickers]
Weybridge which was absolutely dominant at the time ... [and] was bitterly opposed
to geodetics’, while a former Vickers works manager recalled that geodetic
construction was expensive in tooling and difficult in production. Wallis was
eventually persuaded to accept design changes in the interests of cheapening
manufacture.>

This process was also influenced by the time limit which the government set
for Scheme F. As already noted, the Air Ministry’s primary goal was to establish a
particular first-line strength by April 1939; the creation of industrial capacity or war
potential was a secondary consideration. Hence in 1936 Richard Fairey readily
admitted that the Battle had not been designed for large-scale output, but his proposal
to redesign the aircraft and to introduce ‘a repetition system for really large
quantities’ was rejected because the Air Ministry believed that initial deliveries would
be set back.® The Battle’s wartime role was relatively unimportant, but the Vickers
Wellington was produced in larger numbers during the following decade than any
other British bomber. In September 1936 Weir complimented ‘Mr Wallis’s progress

in simplifying the design and his new system of standardising unit parts’, but further
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innovations aimed at making the Wellington easier to produce were again not adopted
because they would have delayed the introduction of the aircraft. When rearmament
was accelerated in 1938 there was no time to incorporate these changes
retrospectively. Long-term production economies seemed unimportant in 1936
because only 180 Wellingtons were on order. Had it been known that 11,000 of
these aircraft would eventually be produced the Air Ministry’s priorities might have
been very different.

The problems of co-ordinating radical changes in technology with large-scale
production plans did not differ greatly from firm to firm. The chief difficulty lay in
ensuring that the design and production of different components proceeded in parallel.
Invariably particular parts were delayed by technical problems and the early stages
of production were thrown out of balance as a result. In May 1936, for example, the
records show that Bristol had manufactured 32 Blenheim fuselages but no wings, and
only six sets of wings had been completed by November.* At the end of March
1938 Supermarine had completed 35 Spitfire fuselages, but only four sets of wings
had been received from the company’s subcontractors.*® At Hawker too, the
development of stressed-skin metal wings was a bottleneck. The first Hurricane was
designed with a fabric-covered wing and 500 such aircraft were delivered to the RAF
before the metal-winged version appeared in March 1939. Throughout 1940 the level
of Hurricane production was primarily controlled by the availability of this
component.*’

The Fairey Battle was similarly delayed by technical problems relating to the
engine installation, the bomb carrier and the wings, and while assembly was held up

pending the resolution of outstanding design questions, manufacturing and
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sub-assembly operations advanced. By the time the design was cleared in its entirety
these earlier stages of production were expanding rapidly, and it proved impossible
to absorb new labour on assembly work quickly enough to balance the output of the
different sections of the factory.®® In June 1937 a member of Disney’s staff reported
of Fairey’s Stockport works that ‘there is so much finished and partly finished work
in the shops that unless the aircraft do come out shortly there will be no space left to
work in.’®

Until these designs had been standardised in their entirety there was little that
could be done to balance production. Bristol installed additional wing jigs and
subcontracted wing assembly to the Bolton firm, Dobson and Barlow.*
Supermarine duplicated wing jigs and tools, and Sunday working and nightshifts were
extended to accelerate wing production.*! A special section was created within the
Hawker drawing office for metal wing development.*? Fairey transferred foremen
and skilled labour from their Hayes factory to Stockport, and under pressure from the
Air Ministry recruited two new assistant managers.” Despite these and similar
measures, however, deliveries of most of the new monoplanes started six to nine
months later than the dates envisaged by the Air Ministry’s first production
programmes. Only the realisation of higher rates of production than those originally

expected allowed the accumulated deficit to be reduced, and in some cases eliminated,

by the Scheme F target date of 1 April 1939 (see table 9).
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Table 9. Estim d A Aircraft Deliveries for Scheme F
Firm/Aircraft ﬁ Deliveries at Date Target
Target 1 April 1939 Achieved
Fairey Battle 526 551 Feb. 1939
Bristol Blenheim 850 667 Aug. 1939
Hawker Hurricane 492 315 Aug. 1939
Vickers Wellington 168 87 Aug. 1939
Supermarine Spitfire 270 130 Jul. 1939

Source: production programmes: PRO AIR 2/1790; delivery charts: PRO AIR 19/524
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2. State-Industry Relations

The production problems encountered during 1936 and 1937 soured relations between
the aircraft industry and the government. The two sides became distrustful of one
another as the firms reneged on the promises they had made in 1936, and the Air
Ministry brought pressure to bear on the most troublesome contractors. The ministry
concluded that bad management was the fundamental cause of the delays, and
managerial changes were forced on Fairey, Blackburn, Boulton Paul, Westland,
Vickers, Bristol and Airspeed.* The smaller firms, like Westland or Boulton Paul,
quickly agreed to co-operate. But when larger concerns like Vickers proved less
accommodating pressure was brought to bear at the very highest levels.

Following delays at both Vickers Aviation and Supermarine late in 1936
Swinton concluded that better results would be achieved if the airframe companies
were supervised more closely by their parent concern. Fortunately, a former school
friend, Sir Archibald Jamieson, happened to be a senior Vickers director.® In
February 1937 Weir discussed the aircraft production problems with Sir Charles
Craven, chairman and managing director of Vickers’ armaments subsidiary,
Vickers-Armstrong, stating that the Air Ministry ‘had come to the conclusion that the
management [of Vickers’ airframe subsidiaries] must be improved.” Craven and
Swinton then persuaded Jamieson to end the relative independence enjoyed by the
airframe firms by turning both companies into subsidiaries of Vickers-Armstrong (see
fig. 2). McLean joined the board of Vickers-Armstrong and retained his day to day
control over the two aviation concerns, but he was compelled to accept Craven’s

overall management and to agree to a major reorganisation of his senior staff,*
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Fig. 2. Vickers Ltd. Aircraft Organisation
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In other cases where production fell back seriously the Air Ministry adopted

an even stronger line with the industry’s senior executives, who in turn reacted
indignantly to charges of inefficiency. Air Ministry criticism of Fairey’s Stockport
factory provoked the general manager to threaten Disney with legal action.*
Subsequent attempts by the ministry to organise an independent investigation of the
factory proved unsuccessful.*® Richard Fairey accused the Air Ministry of prejudice
against his company and refused to admit that there were any weaknesses at the plant
other than those which might reasonably be expected following the creation of any
new production organisation.*

Fairey’s resentful tone reflected serious alarm at the extent of Air Ministry
interference which was shared by other industrialists. The firms believed that they
were being blamed for problems which were often not of their own making, and
feared that the government would view controls, or even outright nationalisation, as
a means to counter political criticism. The case for nationalisation had been strongly
argued by the Left at the beginning of rearmament, but even members of the largely
right-wing Air Committee in Parliament felt that the defence programme would
benefit from ‘the industry either rationalising itself, or being compulsorily rationalised
by the government’.’® Although the Air Ministry rejected these arguments, the
shadow industry was mistakenly seen by some businessmen as a move in the direction
of nationalisation,” and concern mounted during 1937 as the production schedules
slipped back. The Italian aircraft industry had already been nationalised, and its
French counterpart was suffering the same fate at the hands of the Popular Front.
Critics of rearmament compared the British aircraft industry unfavourably with its

German counterpart, which was partly state owned.”? The industry’s fears were
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summed up in a letter from one senior member of the SBAC staff to Frederick
Handley Page in September:
I am most disturbed about reports of the output of new

monoplanes for the Royal Air Force. Very disquieting figures

of present production have reached me ... The future of the

industry as a private enterprise depends on our putting forward

concrete proposals ... Taking the industry as a whole, we are

apparently not really producing the goods. I see nationalisation

very near, to cover up Air Ministry blunders. Anyway, an

industry which is absolved from loss and is placed on a ‘cost

plus x per cent’ basis is already nearly nationalised.*®

The firms were deeply suspicious of Disney’s ambitions within the Air
Ministry and of group production proposals put forward in 1937. The DAP originally
intended to pool the resources of several firms in a Wellington bomber group, which
was to be supervised by his staff, but the principle of Air Ministry control was
rapidly abandoned after Sir Frank Spriggs of Hawker Siddeley ‘stated that he would
resist such a scheme to the very limit of his powers ... to the extent of taking it to the
highest quarters’.> The industry insisted that parent firms rather than state officials
should supervise the groups established during the following three years.”®* Some
industrialists also feared the implications of direct government investment after the
introduction of Scheme L. ‘With a socialist government in power’, Handley Page
warned, ‘it is but a short step to nationalisation and public utility companies.’*® This
concern re-emerged during the war when the government demanded access to the

firms’ private accounts.”

-~
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Private ownership of the aircraft industry was usually justified on the grounds
that it was more efficient and produced more rapid technical advance than state
ownership.® But this rationale was undermined by the production problems
encountered by the firms in the early rearmament years. In the circumstances it
seemed essential to shift the blame on to the government and during the second half
of 1937 the SBAC composed a lengthy memorandum which attempted to explain the
industry’s difficulties and which argued that excessive state interference was one of
the principal causes of the delays. Intended for Parliament and the press, it is unclear
whether this document was ever circulated, but the industry certainly provided
material for the parliamentary campaign against the Air Ministry which led to
Swinton’s resignation in May 1938.® At about this time proposals both to
rationalise the industry and to reduce official control over design were in fact being
made within the Air Ministry.®

Two initiatives were taken to improve matters. Firstly, several meetings
between the two parties were held at the end of 1937 to discuss design and production
problems.®! Secondly, the government persuaded the SBAC to appoint as full-time
independent chairman the prominent industrialist, Sir Charles Bruce-Gardner. In the
latter instance an SBAC delegation was summoned to Downing Street at short notice
and apparently without prior knowledge of the government’s precise intentions.%
The delegation, comprising representatives of just three firms, agreed to the new
appointment immediately when dissension might have been expected given the
prevailing resentment within the industry over government interference and the fact
that Bruce-Gardner was a rationalisation expert.®

Why did the SBAC agree so readily? There is no clear explanation, but it is
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possible that the industrialists were given little choice. For both Weir and Swinton
saw Bruce-Gardner’s appointment as an alternative to imposing controls on the
industry. Weir actually envisaged telling the SBAC that ‘to avoid full-blooded State
control we suggest to you that it would be in your best interests for you to look round
and find a full-time leader for your industrial association.’® There must at least be
a suspicion that the Prime Minister’s proposal to the aircraft firms was couched in
precisely these terms.

Bruce-Gardner’s appointment did not at first lead to greater mutual
understanding or co-operation. During the joint discussions on design and production
the firms consistently complained that they were not receiving sufficient information
about the government’s long-term intentions and that decision-making within the Air
Ministry was slow and excessively bureaucratic. Ample justification for these
criticisms was, in their view, provided by the six-week delay between the Anschluss
and the final approval of Scheme L. In the interim, to add insult to injury, the
government announced that it was sending an aircraft purchasing mission to the
United States.®® There were other grounds for disharmony too. At the end of 1937
the Air Ministry made a number of contractual proposals which were less favourable
to the industry than terms which had been agreed in 1936.% Thus relations tended
to decline even further during the early months of 1938.

Most of the disputes between the Air Ministry and the aircraft industry in the
early years of rearmament resulted from the unrealistic promises which the
constructors made at the beginning of Scheme F and from the absence of qualified
industrial planners and statisticians in the Air Ministry. With the advantage of

hindsight, however, it can be argued that the deterioration of state-industry relations
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resulted, in part at least, from two misconceptions. The first was that production
failed to expand during 1937. During 1938 the Air Ministry started to record
production by the weight, as well as by the number, of airc1;aft produced. Had this
measurement been adopted earlier it would have been recognised that a very
considerable improvement in aircraft production had actually taken place in 1937, for
while the number of aircraft delivered only increased by 21 per cent compared with
1936, the output of structure weight increased by 74 per cent.” There was also an
increase of more than 50 per cent in per-capita output (see table 10). It seems
doubtful that a much more rapid expansion could reasonably have been anticipated,
and more realistic expectations would certainly have eased tensions between state and
industry during this period.

The second misconception was that aircraft ordered in 1936 would be obsolete
by the time they entered production. Although this was certainly true in some cases,
in others the state ultimately received far better value for money than could have been
expected at the beginning of rearmament. Types like the Hampden and the
Wellington were larger and better aircraft than those originally ordered, and were also
capable of carrying heavier loads over longer distances. Moreover, in the case of the
Wellington there existed the potential for much greater development in the longer
term.® Similarly the Spitfire, an aircraft ordered in small quantities to fill a gap in
the 1936-39 fighter programme, remained at the forefront of piston-engined fighter
technology throughout the Second World War. From the Air Ministry’s viewpoint
in 1937, however, these were aircraft which would have a short service life, and the

longer their introduction was delayed the shorter that life would be.
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Table 10. British Mili Airframe Production and Employment, 1935-

Structure Labour Per Capita
Weight (June) Output (Ib)

(m.Ib)

1.91 15,000 127

3.75 36,000 104

6.54 40,000 163

9.82 65,000 151

28.89 130,000 222

Source: PRO AIR 8/196; PRO AVIA 12/194; Statistical Digest of the War, 152-3.

1935 labour figure for April; 1935-37 figures do not include subcontractors.
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3. The Expansion of Aircraft Production

Aircraft deliveries actually fell slightly during the first half of 1938, but production
expressed in structure weight continued to rise. Finally, during the second half of the
year, both figures climbed dramatically. Structure weight and aircraft output in the
last quarter of 1938 were more than double the level of the first quarter. Deliveries
from Fairey’s Stockport factory averaged 28 aircraft per month, whereas the Air
Ministry had originally predicted a peak of 20 per month. Peak monthly deliveries
from Bristol in 1938 amounted to 49 aircraft and in 1939 to 61 aircraft. The original
programmes envisaged a peak of just 35. The industry’s total annual output rose
from 2,800 in 1938 to nearly 8,000 in 1939.® Given the disappointments of the
early rearmament years and the decline in state-industry relations, the quantitative
achievements of British aircraft production between 1938 and 1940 require detailed
explanation. Several different factors were involved: investment in fixed capital,
better state-industry planning, the stabilisation of design, improved design and

production methods, and the extended use of subcontracting.
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(1)_The Expansion of Airframe Capacity, 1935-38

The technical problems which delayed the aircraft programme during the early stages
of rearmament also tended to conceal very extensive reserves of productive capacity
which were under-utilised until the later months of 1938. Some firms had spare floor
space at their disposal in 1935. Blackburn had vacated a factory in Leeds in 1932,
but reoccupied it in 1936.” Supermarine’s Hythe works was reopened after several
years of closure.” It is therefore difficult to establish the precise extent of the
airframe industry’s expansion in terms of floor space between 1935 and 1938.
However, data for the most successful airframe firm of the pre-expansion years are
available and if this example is taken as a maximum for the principal fifteen
contractors it is reasonable to conclude that the total area available for production in
1935 was no greater, and probably somewhat less, than two million square feet.™
By September 1938 the area actually productive amounted to 4.6 million square feet,
the average productive area of 22 firms being 209,000 square feet. The largest
privately owned factory in the industry was that of Armstrong Whitworth, whose
Whitley bomber required a productive area of more than 455,000 square feet.”
Despite the existence of excess capacity at the beginning of rearmament, the
manufacturing facilities available to the industry proved inadequate even for the
comparatively limited requirements of Schemes A and C. Handley Page had to
extend their factory in August 1935 to fulfil an unexpected contract for the Harrow
bomber.”™ At the start of Scheme F Blackburn had four designs accepted by the Air
Ministry and the Admiralty, and an agreement was eventually struck with the

ship-building company, Denny and Brothers Ltd., under the terms of which Denny
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was to build Blackburn aircraft at a new factory on the Clyde.”

At Vickers the calculation was somewhat different. McLean wrote in
February 1935 that rearmament orders ‘will outstrip the capacity of the factory ...
and we shall be faced with a much increased carry-forward into the year 1936/7 ...
Through our not being able to offer attractive deliveries, the Air Ministry may be
impelled to place work elsewhere, to our detriment now and to our danger in the
future.’”® Moreover, both the Vickers and Supermarine factories were badly
balanced for the production of large numbers of aircraft. Supermarine had more
assembly than manufacturing capacity, and plans were therefore initiated to increase
manufacturing floor space by 49 per cent. At Vickers the opposite problem existed,
necessitating an expansion of assembly capacity of 45 per cent.” Firms were also
influenced by strategic considerations. Air Ministry concern about the vulnerability
of southern factories to air attack helped persuade Fairey to develop new capacity at
Stockport. The management believed that this would ‘favourably influence prospects
of future contracts’.™

The sums spent by the firms on factory extensions between 1935 and 1938
were very substantial indeed. The total investment in airframe capacity covered by
the Capital Clause amounted to £2.6 million by the end of 1936 and to £4.8 million
by 1939.” Investment in plant and machinery at both Bristol and Fairey was
equivalent to the total cost of equipping the Austin shadow factory.®® The factories
used by such firms as Boulton Paul and Westland during rearmament were
predominantly acquired after 1935.%! Short Brothers, like Blackburn, associated
itself with a shipbuilding firm and opened a new factory in Belfast.®

The process of expansion was not without its difficulties. There was, for



145

example, some delay before new factories could be fully equipped with machine
tools. The government always recognised that rearmament would impose a
considerable burden on the British machine tool industry, but it tended to
underestimate precisely how great that burden would be. In 1936 the Air Ministry
calculated that the established airframe industry would require machine tools to the
value of £800,000 for Scheme F, and for the two airframe shadow firms an estimate
was given of £210,000.® In fact the airframe firms spent nearly twice this sum, and
the value of plant and machinery required for the shadow factories amounted to
£609,000.* But purely quantitative estimates were in any case certain to be
misleading. Completely new manufacturing processes had to be developed by the
aircraft constructors because of the changes taking place in aeronautical technology,
and this in turn involved the design and construction new types of machine tools.*

In these circumstances it was difficult for the machine tool industry to plan its
own expansion. The output of machinery increased by 200 per cent between 1935
and 1939.% But the manufacturers were understandably reluctant to expand further
because of the probability that demand would contract after the completion of the
defence programme.”’ They were also pressed by the government to maintain
exports, and in response sent about 30 per cent of their produce abroad between 1935
and 1939. Deficiencies in domestic supply could only be redressed by importing
foreign machines.®®

Nevertheless, there was no general shortage of industrial capacity at this stage
of rearmament. The real problem facing the aircraft industry was the absence of
technical standardisation, which prevented available capacity from being efficiently

employed. Commenting on the scale of the industry’s expansion in 1938 the Director
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General of Production concluded that with only a few exceptions ‘none of the aircraft
firms will be short of the essential floor space required for the execution of the
programme’.  Nor, despite earlier problems, was there now any shortage of
machining capacity.®

In general, the largest investment programmes were undertaken by firms
which were already well established at the beginning of rearmament. By the end of
1938 64 per cent of total Capital Clause expenditure had been incurred by Hawker
Siddeley, Bristol, Vickers and de Havilland (three of whom manufactured both
airframes and engines). Past prosperity presumably encouraged confidence in the
future. The remaining outlay was divided between twelve companies including those
such as Napier, Westland, and Handley Page whose profitability had collapsed during
the early 1930s, and those like Airspeed whose principal interest was the civil
market.”® With fewer resources at their disposal, however, these firms were
sometimes forced to seck out improvements in efficiency which seemed less important
to larger manufacturers.

The extent to which the industry’s capacity was under-utilised until the later
months of 1938 is illustrated by the increasing number of productive workers per
square foot (see table 11) and by the growing efficiency with which floor space was
employed. Private investment in the professional airframe industry, combined with
state investment in the two airframe shadow factories, had created a total productive
area of 4.6 million square feet by September 1938. Total output for 1938 amounted
to 9.8 million pounds of airframe structure weight, or to slightly more than 2 pounds
per square foot. By September 1939 productive floor space in the airframe sector

totalled 8.1 million square feet of which nearly 5 million square feet had been
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financed by the industry itself. Output had increased to 3.6 pounds per square

foot.”!

Table 11, Floor Density (sq. ft

In 1938-3

r productive worker) in the Airfram

August 1938

December 1939

Floor density for large aircraft

90

85

Floor density for small aircraft

145

115

Source: PRO AVIA 10/267
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(i) New Expansion Plans, 1938-39

The worsening of international relations and the commencement of Scheme L forced
state and industry to bury their differences and to co-operate more closely in planning
expansion. As war became increasingly likely the industry reconsidered its attitude
towards investment. ‘If I were a constructor’, wrote the SBAC’s solicitor, ‘I think
it very likely that I should not be prepared to incur any further capital expenditure as
I should think I had already laid out enough.’””” The majority of industrialists
agreed. One by one they appeared before the Supply Committee between April and
June 1938. One by one they declared that they had invested substantial sums in
capital extensions, and one by one they refused to invest any more.”

Yet it was inevitable that the industry should have sought to limit expenditure
under the Capital Clause as rearmament gathered pace, and the government now
declared its willingness to invest directly in buildings and plant for aircraft
production. State funding increased the productive floor space of the airframe
industry (excluding subcontractors) by 140 per cent between August 1938 and June
1940, and ensured that the expansion of output achieved in 1938 and 1939 was
sustained following the outbreak of war.*

In looking to the state to finance expansion the aircraft industry had no choice
but to accept a greater measure of Air Ministry control over the way resources were
used. For example, the ministry could now insist on firms building aircraft which
were not of their own design, as it did in the case of a new factory provided for
Fairey.” The ministry could also influence the way in which floor space was

employed by insisting that new capacity for Gloster, A.V. Roe and
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Metropolitan-Vickers was planned for assembly work, while most component
manufacture was subcontracted.” And it could even affect the production methods
employed, as with the new Vickers assembly works at Chester which was planned on
the understanding that ‘progressive’ assembly methods would be adopted.”
Moreover, the introduction of direct state investment provided the most important
justification for reducing the profit rates paid to the aircraft industry in 1939.

Until the commencement of Scheme L capital investment and production plans
had largely been formulated in isolation. The government distributed contracts and
relied on the industry to provide the necessary floor space. But from 1938 onwards
factory and production planning were closely co-ordinated. The clarification of long-
term government requirements and the creation of the Air Council Subcommittee on
Supply played a key role in improving relations between the Air Ministry and the
firms, and regular contact with the industrialists through the Supply Committee kept
senior Air Ministry officials informed about the progress of important projects. This
knowledge was then used to correlate investment and production programmes.

For example, the Supply Committee’s discussions with Hawker Siddeley and
Handley Page soon revealed that the development of the new Manchester and Halifax
bombers was likely to be more protracted than originally thought. It became clear
that these types would not appear before 1940-41, and alternative plans had therefore
to be drawn up to meet the deficiency.”® The weight of bomber production was at
this time to be born by the proposed Wellington group, but in May 1938 Vickers was
still not in a position to release completed drawings to the other firms, and in
consequence neither Gloster, Armstrong Whitworth, nor Austin were willing to

commit themselves to high levels of Wellington production during 1939.% The Air
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Ministry could only be certain of receiving large numbers of Wellingtons from
Vickers in the meantime.

So the Wellington group idea was revised. Gloster was directed to join
Hawker in producing the Hurricane.!® Factory capacity for the new heavy
bombers was sanctioned, but until these types could be introduced Handley Page,
Armstrong Whitworth and Austin were instructed to continue producing the
Hampden, Whitley and Battle bombers. All Wellington production was now to be
undertaken by the armaments manufacturer, Vickers-Armstrong - parent company of
the two Vickers aircraft firms. At the end of September Freeman approached Sir
Charles Craven and proposed that ‘the wide organisation and experience of the
Vickers-Armstrong group might profitably be applied to the setting up of a
comprehensive scheme designed to accelerate production.’'®

Craven agreed to co-operate fully. The new organisation was placed under
a senior director of the Vickers-Armstrong group, and responsibility for production
vested in the Vickers Aviation manager, Trevor Westbrook. An aerodrome and
erecting shops were built at government expense, the highest possible proportion of
component manufacture was subcontracted, and the existing Vickers-Armstrong
subsidiaries were absorbed by their parent company for management purposes.'®
Sir Robert McLean was fired, and Vickers Aviation and Supermarine were formally
wound up.'®

During 1939 an extensive network of subcontractors was established in the
North-West to supply Wellington parts to an assembly factory in Chester. This was
augmented by a similar network centred on Blackpool later in 1939 and by increased

capacity at Vickers-Armstrong’s Weybridge factory. Excluding subcontractors the
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scheme involved an increase in the productive floor space for Wellington production
of 450 per cent.'™ The Chester and Blackpool factories were originally intended
to produce a total of 100 aircraft per month, although the target was raised to 150
during the first year of the war.'”® The plans ensured that the Wellington was
available in quantity to Bomber Command until re-equipment with the new heavy

types began in 1941.

1ii uction Problem rcome

Although the state could play an important part in laying the industrial foundations
for wartime aircraft production, the technical problems which delayed the introduction
of some of the most important designs during the early stages of rearmament could
only be solved by the aircraft industr)\r itself. By 1938, however, many of these
difficulties were finally being surmounted and the firms were embarking on the more
straight-forward task of producing relatively standardised designs. The Hurricane and
the Hampden entered production, the Spitfire and the Wellington appeared and A.V.
Roe and Rootes produced their first Blenheims.

Aircraft production could now be accelerated simply by creating more floor
space and by duplicating drawings, jigs, tools and machinery. The English Electric
Company sent workmen to Handley Page to manufacture a set of standard parts for
the Hampden.'® Hurricane jigs and tools manufactured by Hawker and A.V. Roe
enabled production at Gloster to start just twelve months after orders were placed.

Vickers-Armstrong’s Weybridge factory and its subcontractors supplied parts and
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components to the new assembly plant at Chester allowing the first ‘shadow’

Wellingtons to be assembled during the final months of 1939.!” The extent to

which these preparations accelerated production at Vickers-Armstrong is illustrated

in table 12.

Table 12. Wellington Production at Vickers-Armstrong

Months from Start 3 6 9 12
of Production

Weybridge Production | 29 86 146 203
(Cumulative)

Chester Production 12 99 303 489
(Cumulative)

Source: PRO AVIA 10/311; PRO AIR 19/524.
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Table 13. Fixed Capital Expenditure at Bomber Firms. 1935-38

Firm Expenditure
Bristol (Airframes) £853,000
Fairey £381,000

i
Vickers £347,000
Armstrong Whitworth £269,000
Handley Page £163,000

Source: PRO CAB 16/227.
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Table 14, Per-Capi Handley Pa d Armstrong Whitworth
" Sales, 1937 Labour, Per-capita
June 1937 Sales
Armstrong Whitworth | £1,148,676 3,546 £324 “
“ Handley Page £1,311,335 2,176 £603

Source: Handley Page and Hawker Siddeley archives, company accounts for 1937;

PRO AIR 6/53. Armstrong Whitworth sales figure is the average of two financial

years to 31 July 1937 and 1938. Armstrong Whitworth sales in the year ending 31

July 1937 were only £729,878.
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Table 15, Handley Page Hampden Labour Costs

“ Number of Airframes Average Labour Cost Per Airframe
20 £6,122
20 £3,761
140 £2,860
40 £2,715
" 280 £2,548

Source: AC 70/10/139.



Table 16. Index of Bristol Production Costs
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Cumulative Aircraft Labour Cost Complete Aircraft Cost=—|_|
25 100 100 "
50 76 75

100 61 62 “
200 52 58

400 44 50 “
800 37

Source: Connolly Papers, data supplied by H.J. Pollard of the Bristol Aeroplane

Company (unspecified cost units, labour cost equated to 100 at 25 cost units,

complete aircraft cost equated to 100 at 45 cost units).
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Yet the increased output cannot be explained by design stability alone, for

production and design methods were also being improved. Some of the earliest
breakthroughs came at Handley Page. The ‘demobilisational instability’ which
followed the First World War had brought Handley Page to the verge of collapse, and
there had been considerable fluctuations in the company’s fortunes since then.!®
The years immediately preceding rearmament were the worst since the early
1920s,'® and it is hardly surprising that at the beginning of Scheme C the decision
was taken to avoid investing in buildings and plant which might be surplus to
requirements at the end of rearmament (see table 13).'1°

It was thus particularly important to use available resources as economically
as possible. Handley Page’s solution was a production technique which was termed
‘split’ construction, by which the main components of the aircraft were literally split
up into assemblies and sub-assemblies. The traditional system of working
progressively on large numbers of aircraft over a protracted period was abandoned.
Assembly jigs, which determined the rate of production and the floor space required,
were now used for assembly only. Equipment and services were installed into
sub-assemblies, when they were most accessible to the workforce, allowing final
assembly time to be reduced. As many man-hours as possible were concentrated
simultaneously on individual aircraft, and the fewest number of aircraft worked on
at any given time for a given rate of output. Not only did this reduce production
times and floor space requirements, but also the capital invested in work-in-
progress.'"! Quite how effective these methods were may be gauged from the fact
that Handley Page achieved a production rate of eight Harrow bombers per month

using a single assembly line with just one set of fuselage jigs. In contrast, the
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production of Armstrong Whitworth’s Whitley bomber at a lower rate required an

enormous layout consisting of sixteen fuselage jigs.!”? Per-capita output at Handley
Page was nearly double that of Armstrong Whitworth in 1937 (see table 14).

Weir visited Handley Page’s factory in November 1936 and was clearly
impressed by what he saw.

‘The Cricklewood factory is now equipped and

organised to ensure effective production of large metal stressed

skin airframes’, he wrote. ‘It is clear that a definite systematic

production technique has been developed ... and that effective

production from the floor space will result ... The jig system

and sub-assembly technique appear so effectively worked out as

to give the impression that the problem of producing large

machines has been solved.’!"®
In 1937 this may have represented an isolated case, but it augured well for the future
by introducing a method of production which brought demonstrable improvements in
efficiency. By the time the Hampden was introduced in 1938 split construction had
been developed further and when the deteriorating international situation led the Air
Ministry to place larger contracts the economies of the system were even more clearly
demonstrated (see table 15).""* Moreover, the absence of work-in-progress also
reduced Handley Page’s requirements for working capital. The costs incurred by the
time Hampden deliveries started amounted to 23 per cent of total contract
expenditure.'’® At Vickers approximately 40 per cent of the total production costs
of the initial Wellesley contract had been incurred before deliveries began.!'¢

Although Handley Page solved some of the most difficult production problems
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a year before most of the other main companies, there is evidence that significant
progress was being made elsewhere. Bristol recorded continuous reductions in
manufacturing costs throughout the rearmament years (see table 16). After a visit to
Supermarine late in 1937, Sir Charles Craven wrote to Vickers’ works manager,
Trevor Westbrook: ‘I wish to congratulate you on the great change I saw, especially
as regards the way you have opened up the shops.’!”” Hawker introduced new
assembly methods in September 1938 which ‘resulted in a definite increase of
output.’'®  Short Brothers employed the management consultants, Production
Engineering Ltd., whose investigations led to ‘a decided increase in output [of the
machine department]’ and a fall in labour costs.'”” At Armstrong Whitworth the
problem of supervising large-scale production was assisted by the introduction of
standard costs between 1938 and 1940.'%

Some of the most significant developments in aircraft design and production
came at A.V. Roe and were embodied in a bomber designed to the Air Ministry’s
specification P13/36, which became the Manchester, and subsequently the Lancaster.
In 1938 A.V. Roe’s new assistant chief designer made his first acquaintance with the
Manchester prototype. ‘Although apparently following conventional lines’, he wrote
later, ‘the basic structure was outstanding in its suitability for quantity production by
semi-skilled labour.’'*!

From the outset the Manchester design had been approached with ease of
production in mind. Split construction was employed to improve accessibility to
labour, and great emphasis was placed on simplifying detail design and on reducing
the number of different parts. This approach entailed frequent painstaking

compromises between the designer’s attempts to save weight and the production
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engineer’s desire to reduce man-hours, but its implications were far-reaching. In the
past, the importance which British firms had attached to weight-saving had resulted
in the design of complex airframe structures which were éxpensive to produce without
special-purpose machinery. But A.V. Roe calculated that, in return for an
insignificant increase in weight, the typical production time for a medium bomber
could be cut by more than 20 per cent.'?

New attitudes towards factory layout are also in evidence. An article
published in 1939 noted that labour had been saved by replacing the ‘departmental’
outlook with the production outlook, by ensuring a flow of work in sequence from
one operative to the next, and by organising final erection and assembly operations
so that airframes were kept on the move to a regular time schedule. Thus it was
concluded that ‘the technique of the conveyor can be used even if that mechanism
itself is not at present suitable for aircraft work.’'?

A.V. Roe gained invaluable experience in quantity production methods in the
early 1930s, but there was also a tradition of close co-operation between the
company’s design and production staff.'” At other firms these links were
sometimes less well established and had to be strengthened during the rearmament
years. Hence Westland’s organisation proved unsuited to coping with Air Ministry
demands after 1935 and in 1939 a new administrative structure was introduced based
on that of the American motor company, Chevrolet. The key feature was the creation
of a ‘production design’ department which improved the co-ordination of Westland’s
design and production work so successfully that the new organisation remained
unmodified throughout the war.'?

Product design, factory layout, and corporate structures all had to be
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modemised to cope with the rearmament programmes. But rearmament also
compelled the aircraft industry to adopt new production processes. For much of the
period aircraft production remained characterised by a very high degree of handwork.
Skilled sheet metal workers were employed on metal-forming operations which had
long since been mechanised in mass-production industries. Yet there were good
reasons for this. Firstly, the high-capacity hydraulic power presses required for
metal-forming were far more expensive than ordinary machine tools.'” Secondly,
the Air Ministry believed that work of this nature could be subcontracted and that the
necessary machinery should not, therefore, rank for consideration under the Capital
Clause.'” Thirdly, the presses had to be used in conjunction with tools which
were, in themselves, so expensive that their use could only be justified when long and
uninterrupted production runs were in prospect.'?®

By 1938, however, skilled sheet metal workers were in short supply, aircraft
were being ordered in larger quantities, and several important designs had been
standardised. At the same time firms such as A.V. Roe and Blackburn had
established that hydraulic presses equipped with inexpensive rubber dies could be used
in aircraft manufacture. The presses produced remarkable economies and allowed
designers to use fewer parts.'” As the potential of press work became clearer the
Air Ministry altered its stance, and from August high-capacity hydraulic presses were
brought within the terms of the Capital Clause.”*® From then on the mechanisation
of this particular stage of production proceeded steadily.

While the professional aircraft industry was developing more modern
production methods, the first airframe shadow factories exploited many of these

techniques from the very beginning. In 1936 Rootes had expected that most of the
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technical and planning information required for their Blenheim factory at Speke would

be supplied by Bristol. Yet Bristol was preoccupied with its own production
problems so the Rootes organisation eventually undertook most of this work itself,
introducing appropriate adjustments to suit the greater volume of output planned for
the shadow works.'! This factor, coupled with a relative absence of financial
restrictions on construction and equipment, resulted in the creation of what, for its
time, was one of the largest and most modern aircraft factories in the world. Rootes
organised a single straight-line production flow from one end of the factory, where
materials were received, to the other, where completed aircraft were wheeled out to
the aerodrome; assembly methods were used which closely resembled those developed
by Handley Page; and the entire organisation was regulated by a particularly advanced
system of manufacturing control.'” In 1939 the two shadow airframe firms
delivered no fewer than 970 aircraft, 12 per cent of total output.'®® The successful
application of modern mass-production techniques to aircraft at Austin and Rootes led
to the recruitment of other companies from both the motor and electrical industries.
Such firms were to play a crucial role in managing the expansion of aircraft

production after the outbreak of war.
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(iv) Subcontracting

The Air Ministry’s decision to subcontract airframe production was discussed in the
previous chapter. Subcontracting had been a key feature of the ministry’s war
production plans since the 1920s, but it could not have succeeded without a degree
of design standardisation and co-operation between state and industry which was
lacking during the early stages of rearmament. The dangers of attempting to
subcontract undeveloped aircraft were vividly illustrated by Supermarine’s experience
with the Spitfire. In this instance problems which were usually contained within the
main airframe factories were distributed by the Air Ministry among no fewer than ten
different subcontractors after it was concluded that Supermarine (who already had
contracts for two other models) was incapable of producing 300 Spitfires by April
1939.1%

The Spitfire’s fuselage was not particularly complex and did not differ greatly
in construction from other fighter aircraft of the period. But the famous elliptical
wing sacrificed ease of production to maximise strength, weight-saving, and
aerodynamic efficiency, as well as to accommodate the eight-gun armament required
by the RAF." The prototype Spitfire flew in March 1936, but prototypes usually
differed significantly from production aircraft, and it is probable that the design was
far from complete when the Air Ministry decided to resort to subcontracting.'*

Production drawings were prepared under great pressure by a relatively small
technical team, and were then circulated to the subcontractors. Supermarine staff
frequently visited the other factories, and monthly meetings were held between the

various Spitfire manufacturers and DAP representatives at Supermarine’s works. %’
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Yet there was always a danger that design mistakes might slip through, and in the

event an error in the construction of the wings only came to light shortly before the
first production aircraft was due to be delivered.'® Many subcontracted
components had to be scrapped. The subcontractors claimed that Supermarine had
issued inaccurate drawings and had not kept them up to date with modifications.
Supermarine, on the other hand, blamed the subcontractors for not being sufficiently
accurate in construction.'® The first Spitfire production programme envisaged that
225 aircraft would be completed by April 1939 whereas only 132 were actually
delivered.'*

The Air Ministry’s declared policy prior to rearmament was that aircraft work
should not be subcontracted until the accuracy of production drawings had been
proved.'! Subcontractors like Folland Aircraft actually refused to undertake work
for one leading company because ‘the drawings were not complete and modifications
[were expected to] take place causing serious delays.’’®> The difficulties
encountered with the Spitfire suggest that Folland’s caution was amply justified.

However, by the spring of 1938 the standardisation of most important aircraft
designs had eliminated many of the risks involved in subcontracting. The aircraft
firms had often opposed subcontracting in the past, but during the spring of 1938
recession in the general engineering industry led to growing pressure on the principal
Air Ministry suppliers to distribute rearmament subcontracts. The EEF urged the
government to adopt subcontracting as official policy, and the SBAC found itself
being approached by so many engineering companies that in May 1938 it created a
register of subcontracting capacity.'® At the same time, several firms realised that

labour shortages would prevent them from achieving their 1939 production targets
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unless the amount of subcontracting was increased.'* For example, the burgeoning
RAF demand for interceptor fighters compelled Hawker to implement a phased
expansion of Hurricane subcontracting in the autumn of 1938. Plans were initiated
to raise the proportion of subcontracted man-hours from 25 per cent in 1939 to 50 per
cent in 1940,

Hence the amount of subcontracting was already being increased when, in
September 1938, the Air Ministry formally requested the industry to farm out at least
35 per cent of airframe man-hours.'"® Companies like A.V. Roe co-operated
readily. The general manager, Roy Dobson, wrote to Lemcn that ‘as soon as our
conversations on this matter began ... we took from our shops a lot of drawings and
despatched them [to the subcontractors]. This has left us short but we are putting up
with it and not grousing, because we thought it was all to the good of the cause.”%’
Elsewhere, however, there was reluctance, or even resistance, but not without good
reason. Thus Richard Fairey wrote to Bruce-Gardner that ‘although we and many
others are doing our best to reach a solution on these lines, I am rapidly becoming
convinced that it will not be successful ... There is too much pressure on suitable
subcontractors and unsuitable ones take too much coaching.” Management could, he
suggested, be more productively employed in Fairey’s own factory.'®

At Handley Page production plans to build the Hampden bomber at the rate
agreed with the Air Ministry had been completed by the time the firm was asked to
increase the amount of subcontracting. Frederick Handley Page suggested instead that
the English Electric Company should build any additional Hampdens required by the
Air Ministry, and that subcontractors should be employed on jig and tool production

for the Hampden and its successor, the Halifax. As the Air Ministry was, in fact,
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already involved in discussions with English Electric, both of Handley Page’s

proposals were quickly accepted.'*

Subcontracting was by no means a panacea. There was initially some delay
before subcontractors could match the efficiency of parent firms. It was for this
reason that the productivity (in terms of output per jig) recorded at six companies
building Hurricane wings in 1940 varied by as much as 50 per cent.'® Moreover,
subcontracting imposed severe long-term constraints on wartime aircraft production.
But the important point is that between 1938 and 1940 subcontracting achieved what
it was intended to achieve by providing a quick solution to the immediate problem of
labour absorption. By March 1940, 50,500 workers were employed on airframe
subcontracts. This amounted to 27 per cent of total airframe employment.!” In
other words, if approximately 10 per cent of airframe production was subcontracted
prior to the summer of 1938 the extension of subcontracting thereafter may have
increased the output of the industry by as much as 17 per cent by the summer of
1940.

Subcontracting brought other advantages. It resulted in a major extension of
credit between parent firms and their suppliers which became an increasingly
important source of finance for aircraft production. And at minimal capital cost to
the government it tapped managerial and factory resources which might otherwise
have been impossible to transfer to the aircraft industry. The cost per square foot of
adapting general engineering firms for aircraft production was less than one-sixth of

the cost of floor space at new aircraft factories.'s?
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4. British Aircraft Production on the Qutbreak of War

In 1939 average employment in the airframe industry (including subcontractors) was
double the level of 1938, but the total output of the industry increased by nearly 200
per cent during the same period (see table 4). In the final months of 1938 production
overtook the Air Ministry’s September programme, and from January to September
1939 the industry delivered a total of 5,797 aircraft - 633 more than the official
target.'” 8 million square feet of productive floor space were in operation, and
plans were in progress to increase this figure to 19 million square feet by 1941,
initially to augment the output of existing types like the Wellington, and subsequently
to provide capacity for the new heavy bombers.!>

Important lessons had been learned. To avoid any repetition of the
subcontracting problems encountered with the Spitfire, Disney recommended that ‘the
first few, say 50, of any new type of aircraft must be built by the designing firm by
whom all jigs and tools must be not only designed but tried out.’’> In 1938 the Air
Ministry began to ration experimental projects to avoid over-taxing the industry’s
design resources.'® The failure of the de Havilland Don illustrated clearly how
excessive service requirements could reduce the quality of aircraft - particularly
aircraft of wooden construction - and it seems certain that this experience influenced
the later decision to install the bare minimum of equipment into de Havilland’s B1/40
(which became the Mosquito). '

The aircraft industry was by no means fully prepared for war production in
September 1939, for the war was accompanied by many new obstacles which were

often impossible to foresee in peacetime. The principal accomplishment of the
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rearmament years lay in the introduction of aircraft like the Spitfire, the Hurricane
and the Wellington after a difficult and protracted period in which extensive
production and investment programmes were frustrated by problems associated with
the transition from the biplane to the monoplane. With the finalisation of these
designs an increase in production could be obtained simply by creating the necessary
additional capacity, like the Castle Bromwich Spitfire factory, or the two new
Wellington factories in the North-West. Yet important developments in design and
production techniques demonstrated that there was as much to be gained from
improvements in efficiency as there was from the creation of new capacity. As the
supply of labour, machine tools and floor space became more constricted during the
war itself, the wider application of these methods played a crucial role in maintaining

the expansion of output.
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HAPTER 4

AEROQ-ENGINE PRODUC 1935-39

It has recently been written that the aero-engine ‘lies at the heart of aircraft design,
production and programming. This is partly because of the long interval between the
inception of the design of a new engine and its subsequent production in quantity.
This makes the aero-engine the most difficult part of an aeroplane to vary quickly in
supply and compels an effort to adjust the programme for the aircraft to the engines
available or in prospect instead of the other way round’.! This view was certainly
applicable to British aircraft production during the Second World War, but in the
rearmament years airframes initially presented much greater design and development
problems. The central position of the aero-engine in a balanced aircraft production
programme was only recognised following the acceleration of rearmament in 1938.

As described in chapter 1, aero-engine manufacturing in inter-war Britain was
undertaken by five companies, Rolls-Royce, Bristol, Napier, Armstrong-Siddeley and
de Havilland. By the mid-1930s, however, Rolls-Royce and Bristol dominated the
military market, and between April 1936 and May 1939 their engines accounted for
83 per cent of total British output in terms of horse-power.> The history of aero-
engine production in the rearmament years is thus very largely the history of Rolls-
Royce, who specialised in liquid-cooled engines, and of Bristol, who manufactured
air-cooled designs.’

After the outbreak of war in 1939 Rolls-Royce engines played a crucial role

in maintaining the quality of British first-line aircraft, but in quantitative terms
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demand was relatively modest at the beginning of rearmament. One specific objective
of Scheme F was to replace the Kestrel-engined Hawker biplanes which had formed
the mainstay of the RAF first line during the early 1930s. The new Merlin engine
was required for the Battle bomber and for the Hurricane and Spitfire fighters, but
all three were single-engined models and the Air Ministry believed that peacetime
requirements could be fulfilled without any special measures to expand capacity.
Large-scale expansion would in any case have been problematic, for the Merlin had
not yet been standardised for manufacture in 1936. Production therefore remained
firmly under Rolls-Royce’s own control.

In contrast, Bristol’s more standardised Mercury and Pegasus designs were
required urgently and in much larger quantities for a variety of different aircraft. By
far the largest demand came from the twin-engined Blenheim bomber, which was
ordered from Bristol and Rootes in 1935 and 1936, and from A.V. Roe in 1937. But
these engines also powered the Wellesley, Wellington I, Harrow and Hampden
bombers, Gloster’s Gauntlet and Gladiatof fighters, Fairey’s Swordfish torpedo
bomber, and Short, Supermarine and Saunders flying boats. As Bristol lacked the
resources to meet the Air Ministry’s demands by April 1939 it was decided to activate
the Committee of Imperial Defence’s plans for using additional sources of supply
from beyond the professional aircraft industry, and so the first aero-engine shadow
scheme was launched.

This was potentially a dangerous situation. Firstly, as already noted, the rate
of obsolescence was particularly high in the the mid-1930s, and the engines then in
production were nearing the end of their development. Secondly, more and more

new airframe designs incorporated liquid-cooled engines like the Merlin rather than
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Bristol’s air-cooled models. Liquid-cooled engines were better suited to the

specifications issued by the Air Ministry in 1936 and 1937. They were
aerodynamically superior because their frontal area was smaller than that of
equivalent air-cooled engines. And they offered a more direct path to improved
aircraft performance at higher altitudes.* Moreover, it soon became clear that the
Merlin could be used to improve the performance of otherwise obsolescent aircraft.
The service life of Armstrong Whitworth’s Whitley bomber (originally designed
around an Armstrong Siddeley power plant), was significantly extended by the
installation of the Merlin, and Air Ministry planning in 1939 was based on the
assumption that the Merlin would power later versions of the Wellington.

This is not to say that the first shadow venture was worthless. On the
contrary, both Bristol and the motor firms gained valuable experience which was put
to good use when a second shadow scheme was established for the more advanced
Hercules engine later on. But the urgent short-term requirement for Bristol engines
did tend to divert official attention from the burgeoning long-term demand for Rolls-
Royce models. It was clear to the Air Ministry that under wartime conditions more
Rolls-Royce capacity would be needed, but the company’s resources appeared to be
sufficient for the peacetime programme. Even after the Anschluss both Lord Weir
and the AMSO considered that ‘so far as could be seen, the existing Rolls-Royce
factory should be just about sufficient for all engines of Rolls-Royce types which
would be required under the existing and any future programme at present
contemplated’.® The issue was only decided by the introduction of Scheme L, with
its increased provision for Merlin-engined fighters. A new factory at Crewe was

immediately authorised, and in 1939 war potential planning, not least for new four-
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engined bombers like the Halifax, led the government to sanction two additional

plants.

Nevertheless, Rolls-Royce’s productive capacity was far greater in 1938 than
it had been in 1935. For during this period the company implemented a far-reaching
programme of internal reorganisation involving extensive capital investment and the
introduction of new management practices. The first section of this chapter examines
these issues in detail, before considering the development of the shadow scheme and

the more ambitious aero-engine production plans inaugurated in 1938-39.

1. Rolls-Royce and Aero-Engine Production, 1935-37

During the first decade of the inter-war period it could not have been predicted that
Rolls-Royce would ever become Britain’s leading aero-engine manufacturer. The
preponderant position in the British military aero-engine market was at this time
occupied by Napier, and Rolls-Royce’s market share actually declined from 25 per
cent in 1925 to just 11 per cent in 1929.” The subsequent collapse of Napier’s
fortunes illustrated both the inherent dangers of the military market, and the
importance of an aggressive approach to research and development. Such an
approach produced Rolls-Royce’s Kestrel engine at the end of the 1920s and the ‘R’
engine developed for the Schneider Trophy races of 1929 and 1931. In 1932 work
began on the PV12, which was to become the Merlin.?

During the early 1930s Rolls-Royce’s position was strengthened by growing

Air Ministry demands for the Kestrel, which powered aircraft like the Hawker Fury
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and the Hart. Production rose steadily from 122 engines in 1930 to 1,182 in 1935.°

The service history of the Kestrel reflected the great emphasis placed by British firms
on the step-by-step development of established designs, a practice which became
particularly important to the improvement of aircraft performance during the Second
World War. Between 1928 and 1938 Rolls-Royce produced 4,778 Kestrel engines
divided between 27 different marks.

Having increased output significantly between 1930 and 1933, Rolls-Royce had
little difficulty in meeting the requirements of the first expansion programme, but a
government analysis of war potential undertaken in 1934 concluded that in wartime
capacity for the Kestrel would be inadequate and proposed an ‘educational’ shadow
scheme involving the motor manufacturer, Humber. Rolls-Royce was, however,
unwilling to disclose trade secrets to a potential competitor, and as the government
was not prepared invest directly in the professional aircraft industry the company
decided instead to increase the capacity of its Derby factory and to subcontract more
work. Between 1934 and 1936 Rolls-Royce recruited 1,300 extra workers and spent
£411,000 on capital extensions. Subcontract man-hours increased from 70,000 in
1934 to 670,000 in 1935."

Under Scheme C orders were placed for 2,427 engines, including 190
Merlins.”? An average production rate of 33 engines per week was envisaged, but
as sufficient capacity for this already existed Rolls-Royce’s managing director, Sir
Arthur Sidgreaves, pointed out to the Air Ministry that the company was in a position
to accelerate the completion of its contracts if continuity of orders could be
guaranteed after March 1937."® Sidgreaves was clearly hoping for additional orders

for the Kestrel, but by the time Scheme F was inaugurated in the following year the
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RAF was more interested in the Merlin, and 2,854 of these engines were on order by
August 1936."

The full order book and record turnover seemed impressive to contemporary
business analysts.'® But the problems which Rolls-Royce had encountered during
the 1920s left a lasting impression on the internal administration of the company, and
when Emnest Hives was appointed general works manager at the end of 1936 he
rapidly became convinced that a drastic reorganisation was necessary. Hives had
joined Rolls-Royce in 1908. In 1916 he became head of the experimental department,
and there he remained, while the size of the department and scope of its operations
expanded during the inter-war years.'® Yet Hives also had very definite ideas about
production. In 1930, while visiting the United States, he had been deeply impressed
by American motor manufacturing methods which, with their great emphasis on cost
reduction, compared very favourably with British practice.” It was no doubt with
these comparisons in mind that in January 1937 Hives submitted a report to the
Rolls-Royce board which placed the record sales figures in a very different light.

The prosperity of Rolls-Royce’s acro-engine division, Hives argued, was based
entirely on military sales for the rearmament programme. The company was not
sufficiently competitive to exploit the civil market, and its fortunes were therefore
certain to be reversed after the expansion programme had been completed. Reforms
were badly needed in every sphere of Rolls-Royce’s activities; its organisational
structure made insufficient distinction between motor car and aero-engine operations;
not enough attention had been paid to production problems; there was a distinct lack
of outstanding personalities among the works management; supervisors and foremen

were all promoted from the shop floor and were for the most part ignorant of modern

~
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factory methods.™®

The lack of attention given to production questions was reflected in the
company’s works practices. To begin with, the level of capital investment undertaken
during the inter-war years had been totally inadequate. In October 1936 50 per cent
of the machinery in Rolls-Royce’s factory was over 20 years old. This no doubt
helps to explain why the company employed an excessive number of handworkers.
The ratio of handworkers to machinists was almost one to one, whereas the modern
factory practice was to employ six to eight machine men to every handworker. Such
investment as had been undertaken had not always been properly directed. The
factory’s equipment-ordering department was not in any way responsible for
production efficiency and was unfamiliar with works problems. In general, bad
factory planning had hindered the flow of work through the shops, and the importance
of efficient operation planning and of liaison between the operation-planning and
design staff had gone unrecognised. !’

Some of these deficiencies might have been remedied had better means existed
for the management to monitor the progress of the company’s operations. Yet in this
respect, too, arrangements were far from satisfactory. The rate-fixing department
was unable to provide management with an early indication of production costs; detail
part costs were never available in time to allow production efficiency to be analysed;
and the firm still used an antiquated premium-bonus wage system rather than the
piece-work system which had been adopted by much of the engineering industry by
the mid-1930s.2°

It is possible that Hives exaggerated the extent of Rolls-Royce’s troubles, for

at the time he assumed his new responsibilities production matters were already
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causing serious concern.?? No doubt he was anxious for the Rolls-Royce board to
recognise that he had inherited many of the problems likely to afflict the company in
his first year as works manager.”2 Yet all the evidence suggests that Hives’ critique
was, if anything, less than comprehensive. Enormous difficulties were encountered
in changing from the standardised Kestrel to the new Merlin. The production
manager, Swift, argued that some of this disruption was inevitable, but it had been
exacerbated by the fact that ‘Kestrel output was accelerated during 1936 beyond the
programme ... to clear the way for the Merlin [but] the Merlin did not materialise
from the production point of view as anticipated, due to unfortunate delays in the
design, experimental, and development stages.’>

The various design and development problems repeatedly held up the
completion of the Merlin 1 drawings, and a series of major modifications set back
production by several months. Similar delays occurred with the issue of the Merlin
2 drawings between September 1936 and March 1937, and progress was also
disrupted by piston modifications. Generally speaking the problems were less serious
from the technical angle but more so from the production viewpoint, because the
Merlin 2 had been ordered in much greater quantities than the mark 1. Swift was still
hopeful that 949 Merlins might be produced in 1937 but he stressed that ‘there should
be no further serious modification if we are to ... maintain the estimated output.’?

In addition to these internal production problems the subcontracting network
on which the firm had relied so heavily since 1934 was becoming increasingly
difficult to maintain. ‘There is now intensive competition to get suitable
subcontracting firms’, Hives wrote. ‘Our policy of controlling our own subcontract

firms is one of continuous anxiety to me at the present time ... When the whole of
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the aircraft industry is competing to get work done outside, it needs constant

attention,’?

Merlin production had been planned on the basis that 50 per cent of machine
hours would be subcontracted, but the reliability of these arrangements was soon
called into question: ‘We have no hold over the firms who take on the work’, Hives
complained, ‘and we have had several cases where after we have budgeted for certain
firms to do certain parts they have failed completely and we have had to take the
work away and rush the production, either through our own factory or through some
other sub-contractor.’® There were particular problems with firms in depressed
areas which, Hives believed, had lost the art of rapid production. Of twelve
Lancashire companies employed as subcontractors in 1936, all had been given up by
the end of 1938.7

Finally, there were obstacles of a more technical nature. The light alloy
castings required for the Merlin’s crankcase were produced by highly skilled foundry
techniques unsuited to quantity production. Rolls-Royce did not at first consider that
the comparatively small total number of engines on order justified any radical
modernisation of foundry methods. Yet castings production proved the most serious
obstacle to the expansion of Merlin output. Rolls-Royce scrapped 65 per cent of the
cylinder head castings manufactured for the Merlin 1 and 80 per cent of the first 300
cylinder castings for the Merlin 2.%

The result of these numerous complications was a sharp reduction in output
during the first half of 1937. Rolls-Royce aero-engine turnover in the year to May
was only half that of the year to May 1936,% and 1937 was the first year since 1932

in which the size of the workforce remained static.’®* In June Hives described the



187

Merlin situation as a ‘nightmare’ but in the same month Rolls-Royce’s delivery
programme for the year was cut from 827 Merlins to 690, following hold-ups in the
airframe sector which were partly the result of the change from the Merlin 1 to the
Merlin 2.3 Extensive night-shifting and overtime brought this target within reach

by December.

2 Hives Reform

By January 1938 Rolls-Royce had caught up with the revised programme and steps
were being taken to reduce output. ‘For six or seven weeks before Christmas we
were producing an average of 40 Merlins per week’, Hives wrote. ‘Our programme
is now 25 engines per week. Because of the reduction we have been able to cut out
all overtime: we have actually stopped the night shift in some departments and in
other departments ... they are working short time.”?> By May 1938 Rolls-Royce had
delivered over 1,000 Merlin engines of which just 160 had flown.*

As with the airframe firms, the rapid expansion of output at Rolls-Royce was
made possible by the stabilisation of design. Simultaneously, however, a
comprehensive programme of internal reform was instigated by Hives with the aim
of eliminating many of the deficiencies outlined in his memorandum of January 1937.
Hives saw in rearmament the opportunity to place Rolls-Royce on a much more
competitive footing and to ensure that the company was better prepared to maintain
its position in the aero-engine market when the expansion programme came to an end.

A major investment programme was launched, albeit under the provisions of the
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Capital Clause; between December 1936 and May 1938 capital expenditure of

£380,000 was authorised by the Rolls-Royce board.* ‘A very strict control is now
operating as regards ordering new equipment’, Hives commented. ‘The supervisor
has to state what increase in efficiency we expect to get from a new machine, and
after the machine has been working in the factory for two months the results are
checked up to see that we are getting the saving we expected.’®

Meanwhile, the administrative structure of the firm was reorganised in order
to segregate the motor car and aero-engine divisions, and new appointments were
made accordingly; the most promising supervisory staff were selected to study
modern factory methods in Germany and the USA; and the aero-engine factory was
completely replanned for Merlin production.®  ‘The essential part of the
rearrangement of the shops is to reduce the cost of supervision’, wrote Hives, and
when it became clear that a surplus of foremen and supervisors existed staffing levels
were cut.”’

Operation planning and rate-fixing departments were also reorganised, a new
system of cost accounting adopted, and mechanical accounting equipment introduced.
In October 1937 a firm of consultants, Production Engineering Ltd., was employed
to advise on office systems and factory control. ‘I am looking forward to the time
when I shall know the factory efficiency on Tuesday or Wednesday of the following
week’, Hives remarked. ‘I want the various chiefs to become ‘cost-conscious’ and
to realise that no matter how good they think their job is, it is a complete failure
unless it is making money. %

During the same period Hives expanded the activities of Rolls-Royce’s

subcontracting department. The progress of subcontracted work was carefully
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monitored and where, as was often the case, orders had been divided between two
different firms, account was taken of their respective delivery records when the
apportionment of further contracts was under consideration.” When, in 1938, the
Air Ministry agreed to finance the further expansion of Rolls-Royce capacity the firm
insisted on having the freedom to allocate new machine tools to subcontractors where
there was evidence of inadequate machining facilities. This helped to spread labour
demands and to reduce Rolls-Royce’s vulnerability to German bombing. But it was
also remarkably economic in terms of overall capital outlay. Rolls-Royce calculated
that ‘for every one machine we have loaned to subcontractors we have over 10
existing machines [at the subcontracting firms] working on our pieces.’*

Finally, concerted efforts were directed towards the improvement of foundry
techniques. The foundry organisation was rationalised and a special section set up
to deal with die-casting. A separate development department was established together
with a new foundry laboratory, and metal patterns were designed for the various parts
of the Merlin engine. New inspection methods, gauges and templates were
introduced which helped to reduce scrap levels to 12 per cent by October 1937.4

Shortly after his appointment Hives warned the Rolls-Royce board that some
time would elapse before his reforms achieved alny tangible improvement and that
meanwhile there would be a lot of additional expense.? At about the same time he
recorded that the company was ‘not as well equipped technically or for acro-engine
production’ as its principal competitor, Bristol. Yet by January 1939 he was of the
opinion that Rolls-Royce had an aero-engine production organisation more powerful
than any in the world ‘except Germany’. The company was ahead of the Air

Ministry delivery programme, production and employment had reached record levels,
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and in general the administrative changes were ‘showing excellent results’.** The
prospect of further expansion, though daunting, could be accepted with greater

confidence.

3. The Bristol Shadow Aero-Engine Organisation

Given the immediate security of government contracts Rolls-Royce might conceivably
have rejected the idea of internal reform in 1937, though at considerable cost in long-
term competitiveness. At Bristol the situation was very different. During the 1920s
the company had become one of the world’s most successful civil aero-engine
manufacturers, and its annual civil sales of more than 300 engines per year in the
mid-1930s were viewed with envy by Rolls-Royce, who depended entirely on military
demand.*

An important consequence of Bristol’s activities in the civil sphere was that
the company paid much more attention to production costs than Rolls-Royce, at least
until the advent of the Hives reforms. Yet Bristol was also a leading military
manufacturer, and Germany’s withdrawal from the Disarmament Conference in 1933
led to a major reorganisation of the company’s aero-engine design and production
departments.” Employment doubled in the following two years, and expansion
continued throughout the rearmament period. At the same time an enormous
technical effort was devoted to the development of new sleeve-valve engines like the
Perseus, the Taurus and the Hercules.” But as the Air Ministry programme

gathered pace the shadow factories became the largest source of supply for Bristol
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aero-engines.

When the Air Ministry first proposed the creation of a shadow aero-engine
industry, Bristol insisted that the motor firms should not be allowed to use the scheme
to enter the aero-engine business permanently.®* Some motor companies were
clearly interested in manufacturing complete aero-engines, but were deterred by the
government’s April 1939 deadline for 4,000 engines, and by the fact that the Air
Ministry could only commit itself to ordering 1,500 engines of Bristol’s Mercury
design.*®

Under these circumstances the shadow firms recommended ‘that each of the
factories ... shall undertake the manufacture of a different group of parts of aero-
engines and the assembly and test of the complete units shall be undertaken by two
of the factories only’. The Air Ministry’s alternative, whereby each firm would have
made one of two sections of the engine, would ‘double the cost of the jigs and
fixtures, gauges and tools, add considerably to the amount of plant to be purchased,
and might cause delay’.®® Moreover, such a scheme would have committed Bristol
to much more extensive technical supervision. Each different section of manufacture
was therefore divided between the participating companies on a man-hour basis (see

table 17).



192
Table 18. The First Shadow Aero-engin hem

Firm Engine Part

Austin crankshaft, reduction

gear, engine assembly

test
Standard cylinders
Rover connecting rods,

pistons, valves, cam

Humber blower and rear cover,
petrol pump
Daimler crankcase, oil sump, 729

air intake, rocker gear

“ Bristol engine assembly/test 250

Source: PRO AIR 2/2577
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Though Bristol forced the Air Ministry to compromise over the organisation

of the shadow scheme, the company was in other respects much more co-operative.
‘We had a 34 hours’ discussion with Bristols on Friday’, Swinton recorded in March
1936. ‘They brought a complete team who could deal with everything, finance,
works management and design. We were able to agree to the general lines of a vast
programme involving the creation of a ‘shadow industry’ by them ... The Bristol plan
is much the biggest thing in the whole programme, all through practical and
constructive help. They are already under the 1935-37 programme making great
extensions. They are engaged on enormous commitments in frames and engines.
They have not cavilled at financial provisions’.”!

Bristol’s acquiescence (and eventual participation) in the shadow scheme
ensured that the problems facing the company during the early years of rearmament
were very different to those which faced Rolls-Royce. Five motor companies had to
be trained in far more exacting engineering techniques than those to which they were
accustomed, and immediate decisions taken concerning the general production
methods which the shadow factories would employ. The most important
consideration here, again, was the total number of aero-engines to be manufactured,
and the time limit which the government had imposed on Scheme F.

Sir Herbert (later Lord) Austin, chairman of the Austin Motor Company and
of the shadow engine group, was favourably impressed by Bristol’s own approach to
aero-engine production: ‘The layout is simple, economic and easily controlled’, he
noted after a visit to Bristol’s factory. ‘Ideal in many respects ... I do not think we
can assume that we could reduce their present operation labour costs very much

owing to the small number of engines to be made.’ Austin also noted, however, that
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Bristol mainly used general-purpose machine tools. By employing special machinery

he believed that higher levels of output could be reached, but the necessary
investment would not be worthwhile when firm orders existed for just 1,500 engines.
Increased output in the long term might only be achieved at the cost of initial delays
and difficulties in maintaining complete interchangeability with engines manufactured
by the parent firm.%

Austin’s principal concern was that the mark of engine might be changed after
the first 1,500 Mercuries had been delivered. Single-purpose machine tools could be
used on particular components which were unlikely to be modified. But flexibility
would be necessary if major design changes were to be incorporated with the
minimum of disruption, and would be achieved only by the employment of standard
types of machine. So it was decided that the shadow factories would follow Bristol
production practice, introducing improvements only when they were justified by
experience. Technical information was issued by Bristol on this basis, but the
production methods envisaged were sufficiently adaptable to allow line production and
single-purpose plant to be employed at a later stage.*

The consequence of this decision was that the shadow factories duplicated the
parent company’s methods in almost every respect. Bristol advised the motor firms
of the factory area required and of the size of the various departments. Operation
times were based on those of Bristol’s own machine department, suitably adjusted for
the larger volume of shadow production. The machine tools employed in the shadow
factories were those which had proved satisfactory at Bristol, and the quantities of
machine tools required were specified by Bristol and were based on Bristol machining

times for each operation. In the absence of long-term information about the projected
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rate of shadow production, Bristol prepared machine tool plant balances to cover
several different denominations of output: line, semi-line or merged production, as
circumstances warranted. Initially the monthly output of the shadow factories was not
sufficient to demand the extensive use of line production or permanent set-up, but as
output expanded full line production was introduced.*

As soon as a minimum of floor space became available at the new factories
a nucleus of plant was installed so that test engines could be machined while the
remaining construction work was completed. This enabled new staffs and key
production workers to acquire experience of aero-engine manufacturing techniques
and to ‘prove’ jigs, tools and other equipment. Close liaison between parent and
shadow companies was vital to the success of the scheme. Representatives of the
shadow industry paid frequent visits to Bristol’s factory to observe the methods of
production and to discuss problems with the parent company’s experts; shadow
industry personnel trained for special machining operations, assembly, inspection and
testing, by working alongside Bristol’s own employees; and Bristol supplied the
shadow firms not only with drawings and process sheets but with reference manuals
dealing with every single aspect of Mercury engine manufacture from one end of the
production line to the other.’

To supply such a substantial volume of technical information to the motor
companies Bristol set up a department which became known as the shadow industry
office. With the acceleration of rearmament its activities were continuously extended,
and it became an important medium for co-ordinating the shadow group as a whole,
with responsibility for materials, bought-out parts and machine tools. Shadow

production itself operated under the direction of the senior executives of the
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participating motor companies, who formed the so-called Aero-Engine Committee.

Matters of detail were dealt with by a subcommittee of the managers of the respective
factories on which the Bristol shadow industry office and the Air Ministry were also
represented. However, the managers’ subcommittee only met regularly while the
scheme was being established, subsequent meetings being held to consider such
matters as alterations to production programmes, factory extensions and the continuity
of contracts. The main co-ordinating role was played by the manager of the Bristol
shadow industry office, who was eventually to assume the formal role of

co-ordinating engineer.

4 w_Aer ine Pr tion, 1937-39

The shadow industry initially received authority to produce 2,000 Mercury 8 engines
(1,500 complete units plus spares) in November 1936.7 At that time the Air
Ministry did not foresee any further requirements for this particular model, but it was
unable to place orders for an alternative until the details of the next expansion
programme had been finalised by the Cabinet. Authorisation was given to the
industry to purchase materials for 450 additional engines in October 1937 but
withdrawn a few days later, and by the beginning of the following year the DAP was
having to take active steps to ensure that the shadow firms did not run out of work.
‘T have already told factory managers unofficially that they will be well advised to
slow up their production to that of the slowest member’, Disney wrote at this time,

‘and I have reason to suppose they are taking unofficial steps to do so.’*
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Needless to say, this uncertainty resulted in growing concern within the
industry itself. In March 1938 Rover’s management committee noted that the
‘Shadow Factory Committee had written to the Ministry asking for a sanction to be
issued for the second 2,000 sets to be manufactured ... It was essential that this
sanction should be granted now if the production of our parts were to proceed
smoothly and economically’.®® By this time, however, the Anschluss had forced a
decision on the government. 2,000 Mercury 15 engines were ordered the following
week, and in May night shifts were organised and overtime was extended after the
industry received instructions to increase weekly output from 50 to 75 engines.®

The technical assistance provided by Bristol enabled the motor firms to master
aero-engine manufacturing methods relatively easily. Some problems were
encountered, but these were chiefly related to the structure of the shadow
organisation. The participating companies were, of course, largely dependent on the
supply of production drawings from Bristol. The Mercury 8 was a new variant
of an established design and in March 1936 the only drawings to have been completed
were of an experimental nature.”” Bristol set up a separate drawing office for
shadow engine work, and by November 1936 the company was anticipating that
drawings of major components would be available by the end of December and those
of minor components by the end of January.®® But the jig and tool drawing schedule
subsequently slipped back to April 1937, and the drawing offices and tool departments
of the motor firms themselves were brought in to clear the backlog.* The company
most seriously affected was Humber, who in February 1937 required 3,000 jig and
tool drawings of which only 210 had been received from Bristol. This might not in

itself have caused any long-term holdup had Humber not also encountered technical
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difficulties in manufacturing the Mercury’s blower unit. By December 1937 delays

at Humber were threatening to disrupt the output of the entire shadow industry.%

Ultimately, the problem of balancing monthly output was solved when
production at Humber gained momentum, and the target programme was reached by
all the firms in October 1938.% There remained only the question of how to make
up the cumulative deficiency. The shadow committee argued that the remaining
arrears should be cleared by extending the Humber factory, but the Air Ministry was
initially opposed to any further capital expenditure.” Having received the support
of the other shadow firms, however, Humber’s chairman, William Rootes,
immediately arranged for the factory to be enlarged, and some months later the Air
Ministry found itself facing a retrospective claim for £83,000.%

In the meantime the programme of monthly output for the shadow group was
increased, and plans were laid down to produce Bristol’s ‘Pegasus’ engine during
1939. This proved the wisdom of the decision to opt for flexibility rather than true
mass production, but there were anxieties within the industry about the disruption
which might be caused by manufacturing two types at the same time. These fears
were not without foundation, for although the Pegasus was very similar to the
Mercury, it was equipped with a two-speed (rather than a single-speed) blower, and
the increased load thus fell on Humber.%

So the Air Ministry authorised further extensions, and deliberately restricted
the output of the other shadow firms.” Hence at Rover, where production was
relatively advanced, it was recorded ‘that the schedules as fixed by the Air Ministry
would have the unfortunate result of reducing our output and this would necessitate

the discharge of a large number of employees in the new year’.” The remaining
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deficiency at Humber was not rectified until July 1939, and only following the

outbreak of war in September did the opportunity arise for the industry to fulfil its
true potential, as Air Ministry demands increased from 80 to 100 and then to 150
engines per week.”

Yet it is possible to make too much of these early co-ordination problems.
The arguments in favour of the multi-unit scheme were overwhelming in 1936, but
the task of balancing early deliveries from several different factories each making
different components would have taxed far more competent managers than those who
presided over the shadow industry. There is no evidence that aircraft production was
delayed by shortages of aero-engines at this time, and bearing in mind the novelty of
the product it is, if anything, surprising that more serious problems were not
encountered and that production commenced as rapidly as it did. In fact the methods
developed for transferring technical information from one industry to another proved
highly successful and were duplicated when the second shadow aero-engine scheme
was sanctioned in 1939.”

Nor was the overall efficiency of the shadow group reduced by Humber’s
difficulties, for the sharp increase in output between 1938 and 1940 was accompanied
by a steady reduction in costs. In spite of the high wage rates paid in the Midlands,
where the shadow factories were located, shadow costs were already comparable to

those of Bristol by the time 500 engines had been produced (see tables 18 and 19).
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Table 18. Shadow Aero-engine Deliveries, 1938-
June Sept. June Sept. June
1938 1938 1939 1939 1940
Engines per month 42 96 342 340 747
Spares per month 25 54 122 58
Cumulative total 72 218 3,147 4,269 8,317

Source: AC 72/3.
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T . _Mercury Pr ion Costs: Bristol and Shadow Factories

Batch _'_Average Cost Per
Engine
Shadow Industry 500 £1,915
500 £1,306
500 £1,197
Bristol 987 £1,496
887 £1,486

Source: PRO AVIA 15/724.
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Rolls R : Pr ion Planning, 1937-

The uncertainty which surrounded the future of the rearmament programme at the end
of 1937 caused as much concern to Rolls-Royce as it did to the shadow industry. The
company’s senior management was well aware that long-term RAF requirements for
Rolls-Royce engines were increasing. A major programme of internal reforms had
been implemented, substantial sums invested in buildings and plant, and an extensive
network of subcontractors organised. Yet the slow development of airframe
production resulted in the Merlin programme for 1938 being progressively reduced
from 2,220 to 1,470, an output which did not absorb Rolls-Royce’s maximum
capacity. In January Sidgreaves wrote to Swinton in the hope of obtaining larger
Merlin orders for 1938, but the Secretary of State for Air could only reply that the
future programme was under discussion at Cabinet level and that a decision was to
be expected ‘in the fairly near future’.”

Meanwhile, Rolls-Royce revised its policy towards shadow production. At the
end of 1936 the Air Ministry had calculated that an annual output of 10,000 Rolls-
Royce engines would be needed in wartime and had asked the company for its advice
on how this target might be achieved.” It should be stressed that the ministry was
not considering the creation of additional Rolls-Royce capacity at this time.

Initially, Rolls-Royce did not see the shadow principle as a solution to the
problem. Again, the company was clearly reluctant to pass on its technical expertise
to potential competitors. But there were other problems. The Merlin was not, as
yet, standardised. If the engine proved suitable for developmert then each

standardised mark would rapidly be superseded by more powerful variants. But it
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seemed possible that the engine might in any case have a relatively short service life,
as more powerful types like Rolls’ own Vulture and Napier’s Sabre were under
development. Either way, long production runs on standardised versions of the
Merlin appeared unlikely, and therefore the engine did not seem well suited to
shadow production. To co-ordinate wartime production requirements with design and
development Rolls-Royce expressed a preferrence for concentrating all its resources,
including motor car capacity, on aero-engine work, and for expanding the output of
subcontractors.”

The company’s immediate proposal was that a department should be set up to
examine the whole question of war production, and that additional machine tools,
jigs, patterns and equipment should be purchased and placed in storage in case of an
emergency. It was anticipated that the cost of the scheme would be £100,000, and
as it was concerned purely with war potential Rolls-Royce asked the Air Ministry to
finance it. The DAP was agreeable to this but the AMSO’s private secretary raised
a number of objections, the principal one being that in wartime the normal capacity
of several motor car firms would be available for Rolls-Royce engine production. So
the proposals never reached the Air Council, and Disney had to content himself with
an investigation of Rolls-Royce subcontractors which was undertaken by his own
hard-pressed directorate during 1937. It was eventually concluded that sufficient
extra capacity for war potential was available.”

Then, in September 1937, Hives changed his mind about shadow production.
Rolls-Royce’s objections to shadow schemes contrasted unfavourably with Bristol’s
readiness to co-operate with the state and the motor manufacturers. The Merlin 2 had

now entered production and, with long-term requirements for the engine increasing,
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it was only a matter of time before a Rolls-Royce shadow was set up. The company
was still unwilling to allow such a factory to be managed by the motor industry, and
it feared that the Air Ministry might at some future date ask the existing shadow
group to build Rolls-Royce engines. Hives believed that Rolls-Royce itself should
assume responsibility for management, and that it would be preferable for the
necessary planning to begin sooner rather than later. Continued opposition to a Rolls-
Royce shadow would in these circumstances have been detrimental to the company’s
own interests.”

Subsequent discussions with the Air Ministry showed Swinton to be agreeable
to the idea of Rolls-Royce managing the prospective shadow factory. On 7 October,
therefore, Hives presented a memorandum to the Rolls-Royce board in which he
argued that ‘if our engines ... are not produced by shadow factories, it means that our
business will necessarily be restricted.” On the following day Sidgreaves wrote to
Disney stating that ‘we are now quite willing for this company’s products to be
shadowed.’”

The paradox between the short-term excess and long-term dearth of Merlin
engines was not lost on Swinton. At a progress meeting in July 1937 he voiced his
concern about the lack of war potential for Rolls-Royce models, and it is a reflection
of how serious the situation had become that, during the very same discussion, the
decision was taken to re-engine the Handley Page P13/36 bomber with four Merlins
in the knowledge that sufficient engines would be available for the number of aircraft
then on order, which amounted to just 100.** Under emergency conditions,
however, this ruling alone might impose a considerable strain on existing Merlin

capacity. Thus it is not surprising to find similar misgivings being expressed by the
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Chief of the Air Staff in September.®! Unfortunately, further consideration of the

subject was delayed for six months during the protracted Cabinet discussions over the
scope and expense of the next expansion scheme.

The approval of Scheme L in April 1938 finally settled matters. The new plan
increased the RAF’s first-line fighter strength from 420 to 608 aircraft, so adding
significantly to Merlin requirements. The scope of both contracts and programmes
was soon extended to March 1940, and Rolls-Royce was invited to submit proposals
for expansion.”? In spite of agreeing to the shadow principle the company initially
proposed that all additional peacetime requirements should be fulfilled by
subcontracting and by using existing car capacity for aero-engine production, thereby
simplifying the task of management and supervision. Had this been possible the
shadow factory would only have been used in the event of an emergency. But Rolls-
Royce failed to find an alternative location for its motor car division in Derby, and
it was therefore decided that a new factory should be built at Crewe to increase
peacetime capacity by 150 engines per month.®® By this time Rolls-Royce’s total
capital expenditure since the beginning of rearmament amounted to £750,000, and the
company felt it could not reasonably be expected to spend any more. Financial
liability for the Crewe factory was therefore accepted by the Air Ministry.*

Although the plant was initially intended to augment peacetime production and
war potential, an extension was also planned as an insurance against the destruction
of Derby by enemy action. This naturally affected the basis on which it was planned.
As a strategic precaution every process and every source of supply used at Derby was
duplicated. But while planning and construction were in progress rearmament was

again accelerated (following the Munich crisis), and in January 1939 the Air Ministry

~
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informed Rolls-Royce that the entire factory was an immediate ‘production
necessity’.*> Had this been the goal from the outset Rolls-Royce might never have
have embarked on the immense task of duplicating Derby’s capacity, for the company
would clearly have preferred to extend its existing subcontracting network instead.
This would have allowed production to be stepped up much more rapidly in the short
term.*® But the alternative of creating new or duplicate sources of supply ensured
that Rolls-Royce capacity was much greater by 1941 than it would otherwise have
been, and there was much more potential for further expansion. As Britain was
closer to a shortage of Rolls-Royce engines in 1941 than in 1939 the Air Ministry’s
insistence on longer-term planning was ultimately vindicated.®

It was hoped that Crewe would commence production in January or February
1939, but Hives soon concluded that ‘the only possible way this can be achieved is
by supplying most of the staff, supervisors and foremen from Derby, who know the
job inside out.” A link-up between the new factory and Derby also seemed desirable
to make the best use of new machinery. ‘It will be from four to six months before
we shall get any tools which could not be housed in the present vacant spaces in this
[Derby] factory’, Hives observed. ‘The only way Crewe could be usefully used
would be if it was considered a part of this factory.” He subsequently placed his
ideas before the kolls—Royce board. ‘The projected aero-engine factory at Crewe and
the Derby works should be regarded as one unit for the purposes of administration
and production since it will be of great advantage if parts, machinery, jigs and tools
etc. can be transferred from one factory to the other to relieve hold-ups affecting
output at either works.’%

The construction of the new factory proceeded on this basis. But rather than
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merely copying the plant and organisation already existing at Derby, the layout at

Crewe was planned ‘in accordance with the latest conception of the industry’, and
new techniques were employed with the aim of reducing machining times. The plant
also made greater use of specialised machine tools than Derby, and was more
extensively tooled for production. Wages were paid on a straight piece-work basis,
and the necessary rate-fixing department was established with further assistance from
Production Engineering Ltd. Hives informed the Rolls-Royce board that he was
‘introducing a number of economies which [he] would not be prepared to do in Derby
at the present time for fear of dislocating production or giving rise to labour
troubles. %

Yet Crewe was by no means a mass-production factory. As an insurance
against the destruction of Derby, planning and layout at Crewe reproduced something
of the parent factory’s flexibility so that new designs or variants could be introduced
on to the production line.”® An output of 35 engines per week was anticipated, and
when the second section of Crewe was approved in August 1938 this figure was
doubled. Total Rolls-Royce capacity was raised from approximately 200 to 500
engines per month, single shift, and it was estimated that this output would be
achieved in February 1940."! Average monthly delivery figures are shown in table
20.
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Table 20. Rolls-Royce Aero-Engine Production, 1939-41 (monthly average

ﬁ_—ﬁ__
u Year 1939 1940 1941
Qtr 4 1 2 3 4 1 2 3 4

Derby | 282 306 | 662 |[739 | 707 | 732 |662 |420 | 533

“ Crewe 428 | 518

Source: PRO AVIA 10/311 (production from Derby and Crewe was combined until

the third quarter of 1941).
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It initially proved difficult to finalise a clear programme of work for Crewe.
The fundamental problem was the gulf between the short-term requirements of
Scheme L and long-term planning for war potential. The government’s aim was to
create sufficient industrial capacity to satisfy the estimated wartime demand for Rolls-
Royce engines, but it was unwilling to commit itself to more engines than were
required for the peacetime rearmament programme. The programme which the Air
Ministry eventually issued called for an additional 1,900 Merlins and 50 additional
Vultures by March 1940. The schedule envisaged a very rapid initial increase in
monthly output but gave no indication of how Rolls-Royce capacity might be
employed after existing contracts had been completed. As a result the company
became increasingly concerned over the continuity of orders.

When instructions were received from the Air Ministry to proceed with the
second section of the Crewe factory, Hives expressed his concern over Rolls-Royce’s
programme to Freeman. With an eight-month carry-over period required by the firm,
the new monthly target of 500 engines would necessitate orders in hand of at least
4,000 engines at any one time. ‘We must have a reasonable idea of the programme
of work for this second extension’, Hives declared. ‘To justify the Crewe factory and
the extensions at Derby full production must be maintained until the end of 1941.’
He pointed out that under these circumstances cumulative orders would be far larger
than those currently in hand, and evidently hoped for an indication as to whether
Rolls-Royce would be safe in planning for such a high total.”

These arguments were sympathetically received by Freeman, but the absence
of firm orders after March 1940 was still causing planning difficulties at Rolls-Royce

some months later, and the Air Ministry was not authorised to extend the company’s
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contracts beyond this date until February 1939.% It was, of course, the deterioration

of international relations which finally allowed the long-term position to be clarified.
In the meantime, planning for new Rolls-Royce engines such as the Vulture and the
Peregrine remained much more uncertain, and even the Merlin programme was
subjected to almost continuous revision. Airframe output was exceeding expectations.
The demand for Merlin-engined fighters and bombers increased steadily. The
consequence was that the Air Ministry changed Rolls-Royce’s programme no fewer
than six times in 1939.* Increasingly the company sought greater production
stability by planning output in accordance information provided by the relevant
airframe manufacturers.” Hives nevertheless resigned himself to the fact that
quantity would always be subordinated to quality. ‘We must be prepared’, he wrote,
‘to change our production programmes to meet the Air Ministry requirements at
comparatively short notice.” This became the prevailing managerial philosophy at

Rolls-Royce throughout the Second World War.*

The Ex ion of Aero-Engine aci

In the aftermath of the Munich crisis the Air Ministry carried out a complete review
of the aero-engine industry’s war potential. The proportion of multi-engined aircraft
entering first-line service was increasing rapidly.” This facilitated the task of
planning aero-engine production, for it proved relatively easy to accommodate either
the Merlin or Bristol’s new Hercules in such aircraft. Plans were formulated on the

basis of known information about the installation requirements for each type of
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engine, but there was now scope for more flexibility in the way capacity was
allocated than there had been at the beginning of rearmament. Hence Merlin capacity
originally planned for the Wellington in 1939 was eventually assigned to aircraft like
the Lancaster and the de Havilland Mosquito, while Hercules capacity was transferred
to the Wellington; the performance of the Halifax bomber was greatly improved
during the war by the installation of the Hercules in place of the Merlin; and both
types of engine were installed into different versions of the Bristol Beaufighter.
The disadvantage was that aggregate requirements for aero-engines increased,
and the Air Ministry therefore concluded that additional capacity was necessary. In
Rolls-Royce’s case the estimated deficiency of 400 engines per month was beyond the
capability of Derby and Crewe, so a new and entirely self-contained factory was built
at Glasgow, where substantial resources of labour were available.® Rolls-Royce
capacity was already being duplicated either at Crewe or its subcontractors. But it
was decided that the Glasgow factory should be a second insurance against the threat
of air attack, and that practically the whole Merlin engine should be manufactured in
Scotland independently of the existing Rolls-Royce organisation. To this end,
provision had to be made for new foundry, pattern and tool departments, none of
which were required at Crewe. Moreover, the preponderance of unskilled labour at
Glasgow rendered the factory particularly dependent on up-to-date production methods
and mechanisation. Machine tools were arranged and set for single-purpose
operations, and the factory was planned on a flow production basis, with the
minimum of rehandling. As a result remarkable economies were achieved in the use
of skilled labour, but only after an initial capital investment nearly double that

required at Crewe for an equivalent monthly engine output (see table 21).%
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Table 21. Rolls-Royce Crewe and Glasgow Factories: Comparative Expenditure

Pr ion
Factory Initial Outlay Planned Monthly | Outlay Per
Engine Output Engine Per Month
Crewe £2 million 303 £6,601
Glasgow £5 million 400 £12,500

Source: Calculated from PRO CAB 102/53. 27-30.
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The expansion of Rolls-Royce capacity was mirrored within the Bristol shadow

organisation. In April 1939 the Air Ministry asked Bristol and the shadow committee
to erect two completely new factories to manufacture the Hercules engine.'® There
was in fact some concern within the Air Ministry that the design and development of
the Hercules was incomplete at the time the new plans were initiated, and it is a
reflection of the sense of acute urgency which characterised the ministry’s actions in
1939 that the risks were now accepted.'” The first of these factories was managed
by a new shadow group comprising four motor companies (Standard, Daimler, Rover
and Rootes) divided into two pairs, so that each pair produced the complete engine.
The second was managed by Bristol. Like Rolls-Royce’s Glasgow works, these new
factories were planned as mass-production units employing unskilled labour, flow
production methods and a high proportion of single-purpose machinery. The Bristol
and shadow Hercules factories were initially planned to produce a combined total of
510 engines per month on a single-shift basis. '®

The aero-engine production plans laid down during the rearmament years (to
which the Rolls-Royce shadow factories managed by Ford and Packard were added
after the outbreak of war) established a network of manufacturing units organised in
a manner typical of Britain’s wartime aircraft economy as a whole. The Bristol and
Rolls-Royce parent factories were planned to develop and produce the latest types or
marks of engine, some quantitative sacrifice being accepted.'® Responsibility for
bulk manufacture of the most successful variants was subsequently transferred to the
shadow factories which, though lacking the research and development capacity of the
parent companies, were much more suitable for mass production (see figs. 3 and 4).

The Rolls-Royce organisation differed from that of Bristol only in the extent to which
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it subordinated quantity to quality. Rolls-Royce’s Derby factory was, in Hives’

words, ‘a huge development factory rather than a manufacturing plant’. The
Glasgow, Ford, and Packard factories were, on the other hand, planned for mass
production from the outset. But Crewe occupied an intermediate position.'®
Though better suited to quantity production than Derby, flexibility remained an
important consideration at Crewe. This necessarily restricted the factory’s
productivity but enhanced its capacity to augment Derby’s output of the very latest

types of engine.
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Fi Bristol Aero-engine Production Organisation

Bristol (Parent)

No. 1 No. 2 Bristol
Shadow Shadow (Accrington)

Fig, 4. Rolls-Royce Aero-Engine Production Organisation

(1940 plan)
Rolls-Royce (Parent)
Rolls-Royce
(Crewe)
Rolls-Royce Ford Packard

(Glasgow) (Manchester) (Usa)
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1. _Aero-Engine Production on the Qutbreak of War

The expansion of aero-engine production and employment during the rearmament
years is illustrated by table 22. Between 1935 and 1937 new capacity was established
by the enlargement of existing aero-engine factories and by the creation of the shadow
industry. But production developed slowly because of the change from the Kestrel
to the Merlin at Rolls-Royce and balancing problems in the shadow industry. There
was also considerable uncertainty about the extent of the government’s requirements.
Rolls-Royce produced fewer Merlins in 1937 than originally expected; yet early in
1938 the company was forced to cut production. It then received larger orders than
it could immediately fulfil; but by the later months of 1938 planned capacity was
again beginning to exceed foreseeable demands. The shadow industry was also
directed to reduce its output at the end of 1937 and again at the beginning of 1939,

and it did not realise its true potential until the outbreak of war.
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le 22, British Aero-engine Emplovment and Deliveries. 1936-39

F__Yﬁear Aero-m Deliveries
Employment (m. hp) Engines
1936 14,291 1.6 2,248
1937 16,936 2.7 3,440
1938 25,168 4.0 5,431
1939 30,983 8.3 12,499

Source: Production figures from istical Digest of the War, 155 (1936 figures
April-December); employment figures from Weir 19/23A (figures for June 1936);
PRO AIR 6/49; PRO AIR 6/58 (figures for August 1938 and April 1939).

Employment figures for main contractors only.
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Aero-engine production was occupying a false position in the aircraft
programme. Under wartime conditions the aero-engine would assume primary
importance, the industry would produce to capacity, and the availability of engines
would exert a decisive influence over aircraft deliveries. In the rearmament years
there were no engine shortages, and the Air Ministry’s attention was focused on the
airframe sector. Only in 1939, when the supply of aero-engines began to cause
official concern, was the long-term demand finally clarified.

Aero-engine production nevertheless expanded continuously throughout the
rearmament years. In July 1939 the DGP was able to report that a three-fold increase
in the monthly output of engines had been achieved in the previous twelve months.
He listed seven principal reasons for this: increased machine utilisation, increased
working hours, increased production equipment, increased labour strength, increased
area at parent factories, new area at shadow factories, and increased
subcontracting.!® But there had also been significant gains in efficiency. An
enormous programme of internal reorganisation had been implemented at Rolls-
Royce, and the shadow industry had substantially reduced the unit cost of the
Mercury engine. Further advances were to be expected during the war, given the
higher degree of mechanisation adopted at the new Merlin and Hercules factories

which the Air Ministry sanctioned in 1939.
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Aero-Engine Development on the Qutbr: f War

This chapter has been chiefly concerned with aero-engiﬁe production, but production
matters cannot be completely divorced from the progress of design and development.
During the rearmament years Rolls-Royce was engaged in several different
development projects, involving both the Merlin and other engines like the Peregrine,
the Exe and the Vulture. The firm’s evident relief at being able to concentrate
production on the Merlin during 1938 was therefore tempered by the knowledge that
several different types of engine might ultimately have to be produced side by side.
‘We could not at the present time take on a production order for Exe engines’, Hives
informed Sidgreaves in March 1938. ‘It looks as though it is certain we shall be
producing Merlins an& Vultures in parallel, and very possibly Peregrines ... It means
we have got to seriously reconsider our production facilities.” The following month
he repeated that ‘to have three types running concurrently will introduce quite a lot
of difficulties.’'®

The deterioration of the international situation added a further dimension to
these anxieties. ‘If there was a war’, Hives wrote in 1939, ‘it would be obvious that
the main production would be on the standardised and proved types of engines.” The
advisability of introducing new designs into the existing factories was thus highly
questionable. ‘Our proposal is that it should be a definite policy of the Air Ministry
that the plant for producing the standard engine, which in our case is the Merlin,
should not be broken down to produce another type.’!” One consequence of this
line of thinking was that Rolls-Royce’s development programme was cut back. Both

the Exe and the Peregrine were abandoned during the early months of the war to
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concentrate as much effort as possible and to maximise output of the Merlin.'® Yet
there were dangers for Rolls-Royce in relying for quality on the development of
existing models rather than the introduction of new ones, for the company’s former
competitor, Napier, was known to be designing the Sabre engine, the potential
performance of which was far superior to that of the Merlin.

With hindsight it could be argued that the Air Ministry made a disastrous
mistake by ordering the Sabre, for the engine proved one of the most difficult, costly
and unrewarding of all pre-war and wartime development projects. Yet when the
decision to proceed with development was taken much more seemed to be at stake
than the technical promise of the engine itself. The fundamental tenet of Air Ministry
selection policy was that quality could only be maintained by competition between
different firms, and the contraction of the aero-engine industry during the 1930s was
therefore a continuous source of official anxiety. In July 1935 the Secretary, Sir
Christopher Bullock, argued that it was ‘essential that Messrs. Napiers should be kept
alive as a separate entity, in order to prevent the engine industry being constituted on
too restricted a basis’.!® In February 1937 Freeman similarly argued that ‘the loss
of the experienced personnel making up the technical organisation [of Napier] would
be a serious loss to the RAF’, and in May 1939 he was again expressing his anxiety
that not only Napier but Armstrong Siddeley were on the verge of leaving the
aero-engine business. ‘It was a most unhealthy position for the Air Ministry to be
dependent substantially upon two firms only.’!!?

A development order had, however, been placed for six Napier Sabres during
1937, and in the same year plans were drawn up for a new Sabre-engined fighter, the

Hawker Typhoon, to succeed the Hurricane and the Spitfire. The other aero-engine
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firms then began to encounter difficulties in developing the next generation of high
performance reciprocating engines. The Rolls-Royce Vulture suffered repeated
failures during 1939. The Bristol Centaurus was still in the most rudimentary stages
of development and, as previously noted, production arrangements for the Hercules
had to be made before the Air Ministry was certain that it would be successful. The
decision to gamble on the Sabre was therefore based on two considerations: firstly
that the engine would provide a ‘third string’ in case the Vulture and the Centaurus
failed, and secondly that it would maintain Napier in the aero-engine industry. On
this basis the decision was taken shortly after the outbreak of war to erect a new
factory at Liverpool with a capacity of 2,000 Sabre engines per year.'"

The renewed official interest in Napier caused some considerable disquiet at
Rolls-Royce. ‘We allowed Napier’s to come into the aero-engine business after the
war and build up a most lucrative business which should have been ours’, Hives
wrote following the decision to proceed with the Liverpool factory. ‘If Napier’s had
really been awake we might have been suffering from that error today. Having now
established ourselves as one of the two top aero-engine producers in the country, we
have got to hang on to that position, even if it costs us money.’'”> Merlin
development was therefore pressed forward, but the Vulture was still seen as the type
most likely to counter the perceived threat from Napier.'*

Hives may, however, have harboured doubts about the Vulture,'** for at the
beginning of 1939 a very much simpler design project was initiated for a new 37-litre
1,500 horsepower engine based on the Schneider trophy ‘R’ type which, unlike the
Vulture, would fit the same installation as the Merlin. The attractions of the new

project for war production were obvious, as Hives wrote to Freeman in February
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1939. ‘The fact that this engine follows closely on the Rolls-Royce standard design,

and the fact that we have an engine of such dimensions on which we shall shortly be
running an endurance test, and also the fact that it is a similar engine to the ‘R’
engine, means that we are taking the minimum risk; far less risk than when jigs and
tools are ordered for new aircraft.’!'® In short, the necessary technology for the
engine, soon to be christened the Griffon, already existed. It had simply to be
‘productionised’.

Moreover, the new engine would give a much longer production life to
existing airframes, particularly the Spitfire, and the challenge of an alternative Sabre-
engined fighter might then be dispelled. This was obviously desirable from
Rolls-Royce’s viewpoint, but it was also in the national interest for Britain to avoid
the costly transfer of aircraft factories from one type to another. ‘In wartime’,
Freeman told the Secretary of State at the end of 1939, ‘when it is difficult to
introduce new types of aircraft without a great falling off in production, it is essential
that we improve the performance of the types which are already being produced’.!'s
The Griffon project also attracted the attention of Supermarine, who were scheduled
to change over from the Spitfire to the Beaufighter in 1941, when the Typhoon was
expected to enter service. By October 1939 a scheme was in hand for installing the
Griffon into the Spitfire, which promised to produce a fighter equal in performance
to the Typhoon, but which was lighter and equipped with a lower power engine.'"
The lighter airframe and the smaller engine would be more economical in terms of
both man-hours and material.

It was characteristic of pre-war thinking that Rolls-Royce should have felt it

necessary to offer a new engine to the Air Ministry and the aircraft manufacturers,
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in spite of the company’s professed intention of concentrating resources on fewer
models. The inter-war years had witnessed remarkable advances in aero-engine
performance, and in 1939 there seemed no reason to believe that this trend would not
be continued simply by designing larger engines. The reality, that reciprocating aero-
engines were approaching the end of their economical development, would only
become clear following the appearance of the jet engine in the next decade.!'®

In the meantime, manufacturers made extravagant claims for engines like the
Sabre, and although work continued on Merlin development the most important
breakthroughs did not come until 1940. In fact the arguments used to support the
Griffon project were much more applicable to the up-rated versions of the Merlin
which emerged during the war, because of the amount of capacity available for
Merlin production. Within twelve months of the outbreak of hostilities the realisation
that Merlin development offered the most direct path to improved fighter performance
caused both the state and the aero-engine industry to revise many previous

assumptions about the aircraft production programme.!*?
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CHAPTER 5

MANPOWER FOR THE AIRCRAFT INDUSTRY, 1935-41

In September 1935 the British aircraft industry employed 41,000 people, of whom
7,000 were administrative and design staff, and 34,000 were production workers.
The fulfilment of the air rearmament programmes ultimately depended on augmenting
these human resources. The task was always bound to be difficult. Few special
measures were implemented to improve the supply of supervisory and technical staff.
The government had ruled that rearmament should not interfere with ordinary trade,
so compulsory transfers of manpower were out of the question, and instead the
aircraft industry had to compete for staff and labour in an open market. Many
unemployed engineers had no experience of aircraft work, and the largest pockets of
unemployment were in the North, whereas most aircraft firms were located in the
South. When the industry recruited unemployed or unskilled workers from other
industries it faced opposition from the engineering unions.

In examining both the supply and utilisation of technical staff and production
workers, this chapter seeks to explain how the aircraft industry overcame these
problems; how it was that despite shortages of designers and managers Britain
succeeded in producing high-quality aircraft in larger numbers than her principal

adversary, Germany.
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1. The Supply of Managerial and Technical Staff

The expansion of the aircraft industry created a demand for managers, draughtsmen
and other technical personnel which substantially exceeded supply. ‘Our greatest
weakness is that we have not sufficient good designers, technicians and factory
engineers’, Ernest Hives wrote, ‘and in our expansion programme there is no scheme
for improving this position.’! Yet this sphere of policy was by no means ignored at
a government level. Expansion on the scale demanded by Scheme F was recognised
to be beyond the aircraft industry’s existing managerial capacity, and it was this
consideration more than any other which resulted in the creation of the shadow
industry. Further plans to employ in wartime managerial personnel normally engaged
in non-aircraft work continued throughout the expansion period, as firms like Vickers-
Armstrong, English Electric and Metropolitan Vickers were introduced to aircraft
manufacturing. Subcontracting, though primarily employed to tap labour resources,
also helped to spread the burden of management.

Nevertheless, steps were also being taken to enlarge the professional aircraft
industry which greatly increased absolute requirements for qualified supervisory
personnel without making any provision to fulfil those requirements. Indeed, the Air
Ministry generally saw effective management as a question of quality rather than
quantity. The ministry forced management changes on a number of firms but did not
identify any overall failure of supply. The same was true where technical staff were
concerned. British aircraft design teams were smaller than their German or American
counterparts, but considerably larger than those employed in other sections of the

engineering industry.? Lord Weir thus found it difficult to accept that there was a
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shortage of technicians at the beginning of rearmament, and he rejected out of hand
proposals for pooling existing design capacity by rationalising the industry.> Rather
than seeking to augment the supply of technical personnel, the Air Ministry therefore
looked to procedural changes to accelerate the pace of design and development, and
most discussions with the industry on this subject were also confined to procedural
matters. At the end of 1937 Freeman did suggest reducing the number of firms so
that available design resources could be more efficiently employed, but any chance
of implementing these proposals disappeared after the Anschluss.

Maintaining the supply of higher technical personnel for industry was in any
case primarily the responsibility of the Board of Education rather than of the Air
Ministry. The education acts of 1918 and 1921 had aimed to extend Britain’s
technical training system and some significant improvements were implemented
during the 1920s. But progress was consistently restricted by government
retrenchment resulting from the economic problems of the 1920s and the depression
of the early 1930s, which seriously interrupted technical education expansion
programmes between 1931 and 1935.4

Towards the end of this period several suspended schemes were completed and
a number of new projects initiated, and in 1938-39 alone, eleven new junior technical
schools were built.* By the later years of the decade, however, it was increasingly
recognised by both government and industry that provision for technical education
was inadequate and far inferior to that made in both Europe and the United States.
British universities produced approximately 1,000 graduate engineers per year,
including about 100 aeronautics graduates.® But technical education was otherwise

provided by practical ‘on-the-job’ training, combined with part-time, mainly evening,
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study. Of the 1,200,000 students enroled in technical institutions in 1939, fewer than

50,000 attended full-time.’

The Board of Education recognised that rearmament would impose significant
additional demands for qualified technicians and managerial personnel, and it found
that aircraft firms like Bristol, Short, Handley Page, Blackburn and Rolls-Royce were
among the most enthusiastic advocates of improved technical education and training
in the engineering industry.® The Board believed that proposals for improving
technical education should not be too closely related to the short-term requirements
of rearmament, for such an improvement was clearly essential to the country’s
prosperity under any circumstances.” Yet as early as July 1935 complaints were
received from Blackburn about the inadequacy of training facilities for production
staff, and this led to discussions between the Board and the Air Ministry, while
simultaneously Blackburn approached the SBAC with proposals for a national policy
for technical training in the aircraft industry. However, owing to the stress of
rearmament work, the industrialists failed to reach an agreement over the central issue
of daytime release of staff for training purposes, while the Air Ministry similarly
argued that at such a time it ‘could not be party to any attempt to bring pressure on
the aircraft firms to secure daytime release’.'

This did not prevent the establishment of many important private and local
initiatives which later received enthusiastic Air Ministry support, but it did rule out
the implementation of a national programme at the onset of rearmament. Such a
programme would have had no impact on the course of Scheme C, and little on its
successor, Scheme F, but it might have paid significant dividends in the war years,

when the shortage of technicians and managers became acute. The sequence of
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short-term rearmament programmes and the absence of longer-term objectives proved
to be the greatest obstacles facing the advocates of improved technical education.
Only following the outbreak of war would a series of training programmes in
technical colleges and universities significantly augment the number of qualified
engineers.!!

How serious, then, was the shortage of managers and technicians? Where
engineering staffs are concerned deficiencies were encountered from the very
beginning of rearmament, whereas the shortage of supervisory personnel became
increasingly pronounced following the acceleration of the defence programme in
1938. In December 1936 Vickers’ technical staff, numbering 221 persons, was one
of the largest in the airframe industry. 123 were actually employed in Vickers’
drawing office though Sir Robert McLean stated that he would gladly have employed
twice this number had the additional draughtsmen been available.? In contrast,
when Emest Hives visited the German aircraft firm, Heinkel, in 1935, he found no
fewer than 600 technicians on the staff."

However, such comparisons may be misleading, for a very substantial
proportion of British aeronautical research was undertaken by government bodies like
the Royal Aeronautical Establishment and the National Physical Laboratory. The
central role of these establishments obviated the need for the aircraft firms to maintain
large pure research staffs, and the Air Ministry was spared the expense of paying at
least some of the research costs, overheads and profits of twenty different companies.
In considering the employment position in the drawing offices of the Air Ministry’s
main contractors at the beginning of rearmament, the contribution of the government

establishments to aeronautical design must therefore be born in mind (see table 23).
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Table 23. Aircraft In Drawing Office Employment, 1935

Employment
Armstrong Siddeley
Armstrong Whitworth 161
Blackburn 96
Boulton Paul 65
Bristol (aircraft and engines) 328

de Havilland (aircraft and engines) 75 "

Fairey 218
Gloster 78 I
Handley Page 104 '
Hawker 109 I
Napier 141
A.V. Roe 114

kRolls—Royce (engines and motor cars) | 264 “

Saunders-Roe 138
“ Short 234 ”
Supermarine 84 "

Vickers 176 ”

'jestland 57 l
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The statistics nevertheless disclose a general shortage of key personnel, a
shortage which was the principal cause of the delays which beset the early stages of
British air rearmament. In discussing the slow progress of design and development
with the Supply Committee in 1938, both Frederick Handley Page and Richard Fairey
blamed their problems on the shortage of draughtsmen and of drawing office section
leaders, and writing in 1946 the vice-chairman of Westland, Eric Mensforth, agreed.
‘Staffs’, Mensforth wrote, ‘have undoubtedly been too small; an increase in their size
would have allowed of a substantial reduction in the development period. !

No less serious were the shortages of production staff encountered after the
implementation of Scheme L. While planning the Rolls-Royce shadow factory at
Crewe Ernest Hives minuted that ‘the question of staff is a great anxiety because
there are not the men available’, and six months later he had ‘still to find quite a
number of excellent works executive people for the first portion of Crewe.’® In the
airframe sector even the strongest firms encountered identical problems. Hence the
Air Ministry’s Director General of Production observed in 1938 that A.V. Roe’s
organisation was critically dependent on Roy Dobson, the general manager. Dobson
was described as a man of ‘great efficiency and drive’ but he had apparently ‘become
seriously overloaded with a mass of detailed work.’"’

In the absence of a state policy the responsibility for improving this situation
came to rest with the aircraft firms. Most companies operated apprenticeship
schemes in collaboration with local colleges of further education and technical
institutes, and by 1939 at least some training facilities specific to aircraft engineering
existed in every major aircraft production location. Ten colleges offered Higher

National Certificate (HNC) courses in aeronautics.’® The close links between the
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firms and their local technical colleges are illustrated by the fact that in 1940 all the

students at Hull University’s department of aeronautics were employees of
Blackburn.”

For much of the inter-war period the industry favoured training schemes which
combined on-the-job experience with evening classes, for which apprentices paid a
premium. Increasingly, however, the trend was towards schemes for which no
premium was payable. Ernest Hives had been particularly critical of Rolls-Royce’s
premium apprenticeship scheme when he became works manager at the end of 1936,
and he soon abandoned it altogether in favour of a properly structured non-premium
engineering course which included part-time release for HNC.® By 1940 four
separate apprenticeship programmes were in operation which, in addition to the trade
and engineering schemes, covered commercial engineering apprentices intended for
future managerial positions and, for the university educated, so-called ‘probationer’
engineers.? Similarly Handley Page operated a non-premium scheme consisting of
three years in the works and one on the staff. For the duration of the course
apprentices attended classes at Northampton Polytechnic on a day-release basis.”
Bristol and de Havilland augmented the supply of draughtsmen by establishing their
own training schools, but extensive dilution - through the upgrading of apprentices
and the introduction of women - was more common. In this way design staffs were
eventually enlarged to a wartime average of approximately 300 employees per
company.?

Yet the progress of aircraft design and development was not entirely a
question of sheer numbers of staff. Much depended on the efficiency with which

available resources could be employed. In the early years of rearmament the Air
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Staff issued far too many specifications, but from 1938 new specifications were

rationed to avoid overtaxing the industry’s technical departments.® Handley Page
managed to telescope the prototype and production drawings for their Halifax
bomber, so economising on drawing office labour.” At A.V. Roe and de Havilland
self-contained experimental sections were established with their own staff, skilled
labour, and machine tools, and these departments played a crucial role in reducing
the development time of the Lancaster and the Mosquito. The Air Ministry’s normal
stipulation that a full set of drawings should be prepared for each design was relaxed
for the Mosquito, and parts of the aircraft were entirely developed by the
experimental section in a form suitable for manufacture.?

After the onset of hostilities, however, the need to economise in the use of
design resources ensured that less importance was attached to the introduction of new
types than to the modification of existing ones, which required only a fraction of the
technical effort. Thus 330,000 man-hours were required to design the Spitfire mark
1, but only 620,000 man-hours for all the subsequent fifteen Spitfire marks.” The
same economic realities lay behind Rolls-Royce’s decision finally to abandon the
Vulture engine during 1941. ‘We were certain’, Hives wrote, ‘that we could make
a better contribution to the RAF both as regards quality and numbers, by developing
the Merlin,’%

Shortcomings in the supply of managerial staff could also be overcome by
using available resources more efficiently. Rolls-Royce was fortunate in that
following the outbreak of war it was able to draw on its automobile division for
engineers, draughtsmen and jig and tool designers.”? Hawker Siddeley also had

sufficient resources to transfer staff within their organisation to those subsidiaries
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where the need was most urgent. Thus the Air Ministry’s concern about the position
at A.V. Roe persuaded Sir Frank Spriggs to allocate a number of young engineers to
the firm, where they were trained to assist Dobson.*

Other companies did not have this option. In 1938 Richard Fairey therefore
refused to manage a new shadow factory some distance from his Stockport works
because of ‘the strain which would be placed on the Stockport organisation if a
further dilution were to take place’, but he agreed to supervise another factory in
Stockport on the grounds that ‘the Stockport staff [could] handle double the present
number of operatives employed, provided these were operating in buildings adjacent
to the existing factories.”* Following the outbreak of war Handley Page actually
withdrew from two separate expansion schemes, largely because of the strain which
they would have imposed on the company’s resources.>?

Efforts to prevent expansion from overwhelming the existing managerial
resources of the aircraft industry were, however, thwarted by German bombing and
factory dispersal in 1940. Between 1938 and 1943 the number of factories employing
more than 100 workers and managed by the main Air Ministry contractors increased
from 45 to 323. The extent to which Britain’s peacetime industry was converted to
war production limited the number of managers available for transfer to professional
munitions companies, and the majority of staff were therefore promoted from within
the firms themselves. To quote the SBAC, ‘the multiplication of managerial
personnel required to cover new production units has been achieved almost
exclusively by up-grading, i.e., making superintendents, assistant superintendents, and
senior foremen into works managers; promoting charge hands to superintendents and

foremen, and selecting their replacements from shop personnel.’
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To sum up, the British aircraft industry’s design and managerial capacity was
maintained during the rearmament and wartime years by extensive upgrading of junior
personnel, by a variety of short-term measures aimed at reducing the pressure on
existing staffs, and by part-time training programmes provided by the aircraft firms,
the local education authorities and eventually the government. In comparison,
German aircraft companies were supplied with more numerous and better-educated
technical and supervisory staff.>* Yet in wartime such advantages were of little
value if they could not be translated into decisive quantitative and qualitative
superiority, and only during the battle of France did Germany succeed in doing this.
Subsequently, in spite of severe staffing difficulties, Britain’s design and production
record compared very favourably to that of Germany.

In the design sphere it is generally accepted that first line interceptor fighters
were of comparable quality in 1940, though the best German bombers were superior
to most of their British counterparts, with the possible exception of the Vickers
Wellington. Yet by 1941 the British design programme was producing types like the
Lancaster and the Mosquito, which would spearhead the strategic offensive against
Germany throughout the remainder of the war, while the German design programme
was on the brink of near total collapse, as aircraft like the He. 177, the Ju. 288, and
the Me. 210 were plagued by technical problems and consistently failed to match
performance targets.

The paradox is partly explained by Britain’s preference for developing more
than one design for each military role, so that if one proved unsatisfactory another
could be produced instead. However, Britain’s relative success was also the result

of a selection policy which allocated priority to short-term projects that were expected
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to achieve quick results.’® Ironically this ‘policy’ was dictated by the shortage of

design capacity, for under wartime conditions the sheer volume of development and
modification work either demanded by the RAF or proposed by the industry reduced
the number of staff available for new, longer-term, ventures. German aircraft firms,
on the other hand, devoted enormous resources to numerous (often unauthorised)
design projects, which did not reach fruition in time to make any contribution to the
war. A similar approach could never have been contemplated in Britain because
comparable design resources simply did not exist.”

Space does not permit a detailed comparison of the design features of
individual aircraft. Where production is concerned, however, the British lead may
be illustrated statistically (see table 24). Compared with the later years of the war,
British aircraft production was not particularly efficient in 1941, yet there was still
a remarkable gulf between British and German production and per-capita output. To
sum up, if the British aircraft industry was indeed handicapped by a dearth of
qualified managers, this disadvantage was not reflected in the production statistics.
The remainder of this chapter examines the approach to labour supply and utilisation

problems which made these relatively high output figures possible.
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Table 24. British and German Air Pr tion and Employmen 40-41

Total Air Aircraft Airframe Aero-engine
Employment | Deliveries | Weight Deliveries

(m. 1b)
973,000 15,049 59 24,047
1,000,000 10,247 -- 15,510
1,259,400 20,094 87 36,551
1,850,000 11,776 68 22,400 "

Source: R.J. Overy, The Air War, 192 and 219 (1940 employment figures relate to
April for Germany and December for Britain); German structure weight figure from

USSBS, Report 4, exhibit VI A.
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2. Labour Supply and Dilution

i r for the Air Indus

The supply of higher technical personnel received much less official consideration in
these years than that of the rank and file work-force. The threat of skilled labour
shortages seemed implicit in the government’s decision not to transfer resources from
civilian industries to the munitions sector, and in an attempt to alleviate the
anticipated deficiency additional capacity was provided for engineering trainees at the
Ministry of Labour’s training centres.® Yet it was always clear that the centres
could provide no more than a fraction of the munitions industry’s requirements for
skilled engineering labour. Some aircraft constructors were unhappy with the training
provided by the centres, and the trade unions were strongly opposed to the
introduction of so-called ‘government trainees’ when many of their members were
unemployed.””  Some labour shortages were thus inevitable. In general,
requirements during the early stages of rearmament focused on skilled production
workers, but in later years increasing mechanisation created substantial demands for
tool-makers and machine setters.*

How serious these bottle-necks actually were is more open to question.
Historians have made much of the skilled labour shortages encountered in the
rearmament years.* Yet the statistics indicate that the aircraft industry was not
seriously affected by these shortages during the course of Scheme F (see table 25).
Of the professional airframe and aero-engine firms’ requirements for skilled labour

for Scheme F 81 per cent had been fulfilled by 31 March 1937. Although the shadow

7~
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factories were not included in these returns, they were being planned to use what was
then a comparatively low proportion (30 per cent) of skilled workers.*?

That the expansion the aircraft industry’s labour force was undertaken very
successfully throughout the rearmament period is also illustrated by the available
figures for total airframe and aero-engine employment between 1935 and 1941 (see
table 26). According to the official historian, such shortages of skilled labour as did
occur in the first years of rearmament were ‘all local and, viewed quantitatively,
unimportant’.* More serious deficiencies might have been experienced in 1938 had
it not been for the recession which struck the general engineering industry in that
year. The downturn in civilian demand allowed shadow firms like Austin and
Standard to solve their labour problems by transferring workers from their motor car
factories, while at Rolls-Royce aero-engine work was gradually introduced into the
motor division.¥ Meanwhile, subcontracting provided another solution to any
prospective labour shortages and was adopted as official policy by the Air Ministry

in the autumn.¥
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le 25. The Supply of Skilled Labour for Aircraft Production, 1937-39
" Skilled Labour Skilled Labour Total
Employment at Requirements to
31 March 1937 31 March 1939
I
Airframe Firms 20,985 6,575 27,560
Aero-engine 10,988 960 11,948
Firms
Total 31,973 7,535 39,508

Source: PRO AIR 6/49
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Table 26. Employment at Principal Airframe and Aero-engine Manufacturers,

1935-41

Year ?Aer&engine ]
Employment Employment

1935 15,000 12,000

1936 36,000 14,000

1937 40,000 17,000

1938 65,000 25,000

1939 130,000 31,000

1940 173,000 80,000

1941 262,000 133,000

Sources: Aero-engine employment: Weir 19/23A (September 1935 and June 1936),
PRO AIR 6/49 (31 March 1937); PRO AIR 6/58 (August 1938 and April 1939); PRO
AVIA 10/269 (June 1940 and 1941); 1935-39 figures for main contractors only;
1940-41 figures include main subcontractors.

Airframe employment: PRO AIR 8/196 (April 1935); PRO AVIA 12/194 (June 1936-
39); PRO AVIA 10/269 (June 1940 and 1941); 1935-37 figures for main contractors

only; 1938-41 figures include main subcontractors.
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The outbreak of war brought increased competition for manpower resources,
but following Dunkirk the aircraft firms were, for obvious reasons, given priority
over the other munitions sectors for skilled labour. By August 1940 the government
considered that an adequate nucleus of skilled workers had been absorbed by the
industry, and new labour allocation targets were established which assumed that
virtually all the industry’s additional demands could be met by unskilled workers.
If skilled labour represented a problem, it was not a problem of supply but of
distribution, and during the following year the reallocation of existing resources
between old and new factories became an important objective of the responsible
government departments.*

Yet the key to the aircraft industry’s success in fulfilling its labour
requirements did not lie solely in the supply or distribution of skilled labour. There
were, in fact, few parts of aircraft production which could not be undertaken by semi-
skilled workers and mechanised production methods.”’ Manufacturing techniques
had to be changed in order to reduce the industry’s requirements for fully rated men -

a process normally referred to as dilution.*® The main obstacle to dilution lay in
the craft traditions of the engineering trade unions, but at the beginning of Scheme
F Lord Weir advised against consultations between the government, the employers
and the trade unions which, he felt, were ‘likely to create a crisis type of
atmosphere.” The Engineering Employers’ Federation (EEF) also opposed the idea
of national conferences with the Amalgamated Engineering Union (AEU) or the TUC,
preferring the alternative of reaching local agreements with union representatives.*
The aircraft industry itself was therefore to shoulder the main responsibility for

dilution.



250
(2) The Aircraft Industry and Dilution

Given the prevailing concern over skilled labour shortages in 1935 it is perhaps
surprising that neither the government nor the aircraft industry advocated any major
expansion of the apprenticeship system in order to train large numbers of skilled
workers over a period of several years.® Yet this was an entirely rational decision.
Experience showed that skilled labour using handwork methods could take anything
from ten to 50 times longer than semi-skilled labour using mechanised production
processes to undertake comparable operations.® Rather than investing in long-term
training, therefore, the aircraft firms had good reason to introduce semi-skilled or
unskilled workers to jobs which had previously been undertaken by skilled men.*

There were several ways of doing this. Firstly, companies could train their
own employees on the job or by establishing their own training schools. Secondly,
the industry could de-skill the work itself by more extensive jigging and tooling or
by subdividing operations. Thirdly semi-skilled men could be upgraded to skilled
work. All of these solutions were attempted during the rearmament years. Each
entailed a measure of dilution by reducing the aircraft industry’s dependence on
apprenticed, unionised, labour, and thus it was inevitable that each should have
encountered some opposition from the trade unions. Many union leaders believed that
employers had reneged on First World War dilution agreements by failing to restore
pre-war customs during the 1920s, and throughout the rearmament years the unions
fought stubbornly to prevent the introduction of semi-skilled labour to work which
had previously been monopolised by their members.*

It is sometimes argued that employers tended to use this union opposition as
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an excuse for their own laziness or conservatism.® Yet aircraft industry managers
were not opposed to dilution in principle. As early as 1928, when the industry was
contemplating the change from wood to metal construction, it was agreed by several
leading industrialists ‘that aircraft work is for the most part (perhaps 75-85 per cent)
semi-skilled work’ and‘ that one result of the re-employment of woodworkers on metal
‘was to prove that any metal job which the skilled woodworker could tackle was a
semi-skilled job, inasmuch as the skilled woodworker had no craft training on
metal’.¥ The moving force behind this resolution was Vickers Aviation. By
September 1935 the proportion of skilled labour at Vickers’ Weybridge factory
amounted to just 27 per cent.*

But the fact that the proportion at most firms was closer to 50 per cent in 1935
does not necessarily indicate a reluctance to de-skill operations. In August 1935 the
chairman of the EEF’s Aircraft Manufacturers’ National Technical Committee
expressed concern that ‘the variation in practice ... in regard to the classes of
workpeople employed on the different operations ... rendered the firms open to attack
by the Trade Unions along the lines of comparison between the practice of one firm
and another’. The committee concluded that ‘aircraft manufacturers should endeavour
to secure some degree of uniformity in regard to the various operations’. But a
subsequent survey revealed that there was in fact ‘a fair degree of uniformity in the
grading of operations’ and that ‘where a variation in practice obtains, this in most
cases could be accounted for by ... local conditions and local agreements existing in
the general engineering trade.’”’

The ratio of skilled to semi-skilled or unskilled workers also tended to vary

according to the volume of output. Vickers was relatively prosperous in the early
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1930s and had the resources to invest more heavily in plant and machinery than
independent companies, some of whom produced only small numbers of aircraft in
this period. Where contracts were too small to justify extensive jigging and tooling

the corollary was that firms employed a high percentage of skilled labour. But the

- larger contracts placed by the Air Ministry after 1935 entailed more jigging and

* tooling and more dilution. ‘As the quantity of production grows, it is our intention

to employ quite a good proportion of semi-skilled labour’, the general manager of
Gloster Aircraft informed the EEF in February 1938, and his counterpart in de
Havilland’s aircraft division similarly noted that ‘where jigs are being used, semi-
skilled labour only is required’. Boulton Paul likewise anticipated that ‘the
percentage of semi-skilled, boys and youths will increase as the necessary tools
become available.’*

These opinions were shared by leading industrialists in the aero-engine sector.
‘There is no mystery or fundamental difficulty in producing Rolls-Royce engines with
unskilled labour’, Ernest Hives wrote in 1939. ‘It means a longer time in planning
the production, more expense on jigs, tools and fixtures, the co-operation of the
machine tool makers, freedom from alterations, and a longer time before production
can commence.” This additional pre-production work had to be accepted as Air
Ministry demands increased and the supply of skilled labour contracted. As Hives
again noted, ‘We could never hope to obtain sufficient skilled men at Crewe if we
were using the same ratio as we are at Derby.’>

Finally, there are problems of definition. There is, of course, an important
difference between a skilled man who has served a full apprenticeship aad one who

is simply being paid at the skilled rate. Many operations were graded as ‘skilled’
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simply because of trade union restrictions, and deficiencies in the supply of skilled
workers could thus be entirely artificial. However, when the acceleration of
rearmament was under discussion following the Anschluss the National Technical
Committee pointed out that during the Great War ‘employers had the right to employ
any class of labour on jobs which had previously been carried out by skilled men
provided that the skilled rate of pay was offered in respect of the upgraded workmen
... There appeared to be no objection to a similar arrangement being arrived at.’
Wages were seen as ‘a secondary consideration’.%

The extent to which this sort of upgrading was subsequently introduced is
impossible to gauge with accuracy, but the practice was clearly widespread. By
February 1940 the payment of skilled rates to unskilled workers was described by
A.V. Roe’s Roy Dobson as ‘the agreed bargaining system’.®! Figures showing that
50 per cent of the aircraft work-force in 1939 was ‘skilled’ should therefore be

treated with the utmost caution.5?
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il ition to Dilution

The extent and nature of union opposition to dilution in the aircraft industry during
the rearmament years is illustrated by the industrial disputes dealt with under the
terms of national employer/union negotiating procedure. In the North, where the
trade union movement was strongest, the resistance to dilution was more deeply
entrenched than in the South, where the labour force was relatively fragmented.
Southern firms, for example, had little difficulty employing government trainees.
Bristol, Vickers and Gloster recruited considerable numbers during the 1930s,
although these firms were careful not to employ trainees on work which was normally
classed as skilled. According to A.V. Roe, however, ‘no [Manchester] employer
could introduce these practices without inviting serious trouble from the Trade
Unions’, and an identical situation existed at Blackburm’s works in Hull.® At
Fairey’s new Stockport factory a strike was called after the company recruited several
men from government training centres. These ‘trainees’ were taken on because they
were familiar with precision light engineering work, whereas such skilled engineering
workers as were available in the Stockport area ironically required extensive training.
The AEU nevertheless contended that trainees could not be engaged while skilled men
remained unemployed.*

Aircraft firms had to be particularly careful to prevent the establishment of
inflexible customs in the grading of operations. In the older factories this naturally
proved difficult. At Handley Page the transition from small-scale to large-scale
output led to an infringement of existing customs when machining work normally

undertaken by skilled workers was allocated to a lower-rated man. The union
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maintained that the work had always been undertaken by skilled labour. Handley

Page argued that although skilled labour had been used for small batches of parts,
when setting and operating was done by the same man, for larger batches the work
had to be divided between skilled setters and semi-skilled operators. This was said
to be the standard practice throughout the industry.®® At one of the most important
subcontractors, Dobson and Barlow of Bolton, the AEU attempted to establish
Blenheim wing assembly as skilled work on the grounds that construction of the very
first set of wings had been started by fully rated men.® A number of similar
disputes relating to the assembly of metal-skinned aircraft convinced the employers
that there was ‘a definite drive on the part of the unions to establish this as skilled
work’, and resistance to such claims was successfully co-ordinated through the
National Technical Committee during the early months of 1938.5

The dilution issue was complicated by the craft-based structure of British trade
unions. In one wartime aircraft factory as many as 24 different unions were
represented in the same department.® Certain unions, such as the sheet-metal
workers’ society, operated what the employers saw as particularly restrictive
practices, and demarcation claims involving these organisations were strenuously
resisted by the industry because of their implications for the progress of dilution. In
March 1937, for example, sheet-metal workers at Fairey’s Hamble factory claimed
that their union had an exclusive right to undertake all metal-skinning work. The
claim gave rise to an industry-wide survey in which the consensus of opinion was
most accurately summarised by Roy Dobson: ‘The point is’, Dobson wrote, ‘that
metal skinning of aircraft would be an impossible job if we had to rely solely on

tinsmiths to do it, and it is our intention to avoid the use of this class of labour
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entirely on such work. In some cases we are using fitters and m other cases entirely
unskilled people.” The chairman of the National Technical Committee similarly
expressed the view that ‘we have to eliminate not only the sheet metal workers, but
shipwrights and people of that nature, as this work is essentially semi-skilled.’®
The usual line taken by the industry when faced with the claims of one union
against another was to deny that any single trade could monopolise a particular
section of aircraft work, to suggest that the craft structure of the unions was
inappropriate to aircraft production, and to allocate new names, which were not
associated with traditional manufacturing trades, to the various operations.”” In
commenting on a dispute over wing production at one factory an EEF director
remarked that ‘the job was not a fitter’s job, or a patternmaker’s job, or a
woodworker’s job, but was one which had developed in the evolution of the industry -
metal wing assembly, and the employer had the right to select the men who ... were
most suitable for the job, irrespective of the union to which they may belong.’™
This was the outlook which governed the employment policy of Blackburn
Aircraft when it associated itself with the shipbuilding firm, Denny, and built a new
factory at Dumbarton, one of the few aircraft factories located in a ‘distressed’ area.
Far more labour troubles occurred at the Dumbarton factory than at any other aircraft
works. Of 37 disputes listed in the aircraft section of the EEF’s case register in 1939
no fewer than fifteen concerned Blackburn-Denny.” So it is worthwhile considering
this case in some detail. The problems which arose were characteristic of those
experienced by other manufacturers; their frequency was, however, unique.
In 1936 the aircraft industry was completely new to the Clyde, and as workers

familiar with aircraft manufacturing were not available in the area virtually the entire
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labour force for the Dumbarton factory was trained from scratch at a school
established for the purpose.” Skilled workers were accepted from a variety of
different trades, but Blackburn was anxious to avoid demarcation disputes and other
restrictive practices, and therefore adopted a revolutionary method of grading. All
those engaged for the Dumbarton factory were simply categorised as ‘aircraft
assemblers’ and were required to sign their cards as such, irrespective of their
previous employment. Three grades, A, B and C, were applied to skilled, semi-
skilled, and unskilled labour respectively, but the factory was planned so that jigs,
tools and fixtures would be used much more extensively than at Blackburn’s existing
works, and it was anticipated that the ratio of semi-skilled to skilled labour would be
correspondingly higher. These arrangements were approved by the National
Technical Committee in September 1937.7

Trouble started in December, when the AEU registered objections to the
employment of female machine operators and trainees and to the use of shipwrights
on metal seaplane floats. The normal practice was to employ AFEU fitters. Blackburn
maintained that women were being employed as machine operators in many other
engineering factories, and that company policy was to employ neither trainees, nor
shipwrights, nor fitters, but aircraft assemblers. Having been carried through the
various negotiation procedures the dispute remained unresolved, and in March 1938
an EEF deputation visited the factory to investigate the situation. The deputation
subsequently reported that Blackburn’s attempts to overcome the traditional craft
distinctions had been carried too far, and recommended that the firm should employ
only fitters on skilled fitters’ work. If more suitable employment could not be found

for men from other trades, they should be discharged and offered semi-skilled work
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instead.”

Blackburn followed these instructions to the letter and inevitably incurred the
wrath of the other unions, especially the boilermakers’ society. A strike was called,
and the boilermakers claimed exclusive rights to all riveting work (which was usually
undertaken by fitters). The claim was rejected, but those boilermakers who had been
discharged were reinstated as skilled workers in May. To placate the AEU the
company promised that where possible these men should not be employed on jobs
which were normally undertaken by fitters.”

This did not bring the factory’s problems to an end. During the following
months the shipwrights were subjected to threats and intimidation by the other unions,
who were attempting to enforce demarcation claims, and in response the shipwrights’
union made its own demands for particular classes of work.” In October the sheet-
metal workers laid claim to all fuselage shell plating, and in January 1939 the AEU
demanded that fuselage assembly work on the Botha torpedo-bomber should be
undertaken by their members alone.” Finally the works manager was informed by
the unions that ‘all tradesmen employed as aircraft assemblers should be restored to
the status of trade in which they served an apprenticeship [and that] all unskilled men
employed on skilled jobs should be removed.” Blackburn eventually agreed to abolish
the grade B designation and to refer simply to ‘semi-skilled operatives’, but the
management remained adamant about the need for flexibility on the part of the work-
force. So the term ‘aircraft assembler’ was retained for skilled labour, and the

demarcation question remained unresolved.”
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(iv) The Progress of Dilution

Although Blackburn’s is a particularly extreme case, few aircraft firms were
completely immune from dilution disputes between 1935 and 1939. The EEF case
register for these years makes frequent references to the ‘non-union question’ and to
union objections to the employment of trainees, semi-skilled labour and women on
what was alleged to be skilled work, and the dilution issue may also have precipitated
demarcation disputes, as it did in the case of the Dumbarton factory. The industry
still obtained most of the labour it needed for Scheme F, but when requirements for
the next expansion scheme were considered by the National Technical Committee in
March 1938 it was soon concluded that ‘there was no possible solution unless dilution
was permitted’.%

In May Fairey’s Stockport factory encountered more labour troubles, this time
relating to the ratio of youths to fully skilled men, and a letter from Richard Fairey
to Sir Charles Bruce-Gardner written some months later provides a further graphic
illustration of the industry’s difficulties. Fairey pointed out that while there were
only 66 unemployed (and largely unemployable) engineers in Stockport there were no
fewer than 601 jobless cotton operatives. ‘I can employ the lot and train them within
a fortnight’, he wrote, ‘but the unions will not allow it. In fact it is the unions’
restrictions which stand between the industry and the labour it requires’.®

Yet the progress of labour absorption could also be influenced by the ingenuity
of employers, and it is clear that a considerable amount of ‘hidden’ dilution was
taking place. This was not simply a question of subdividing operations, or paying the

skilled rate to semi-skilled workers and passing on the bill to the government. In
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some instances dilution was physically concealed from the unions. When, in 1937,

Armstrong-Whitworth encountered objections from the AEU regarding the ratio of
youths to adults in their Coventry factory, EEF investigaﬁons revealed very much
higher ratios at both Bristol and Supermarine. Both companies insisted, however,
. that their practices should not be disclosed to the unions.®

A.V. Roe also found that hidden dilution could solve many of their labour
problems. Manchester was, as already noted, an area in which the unions proved
especially obstructive, and Roe’s general manager, Roy Dobson, frequently adopted
a particularly uncompromising stance when dealing with restrictive practices. In a
dispute involving one of his principal subcontractors and the sheet-metal workers he
dismissed the union’s claims in typically forthright terms by arguing that ‘the work
involved is not what I would call the working of sheet-metal or a craftsman’s job; that
is anybody’s job.’®® Yet Dobson’s preferred strategy for A.V. Roe was to avoid
these disputes altogether. This was achieved by decentralising production into a
number of branch factories in which new customs could be established.

In 1935 A.V. Roe managed just one factory at Newton Heath in Manchester,
but by July 1938 four additional branches had been set up at different locations
throughout the city. The company’s first production work on an all-metal aircraft,
the Blenheim, commenced in two such factories, allowing the firm to allocate semi-
skilled and unskilled labour to operations which might otherwise have been claimed
as skilled work by the unions at Newton Heath. The EEF reported that in A.V.
Roe’s ‘main works no metal wing assembly [is] carried out and no semi-skilled men
[are] engaged on this work. In their Hamilton Street works, however, about 300

semi-skilled are employed on this work (Dobson does not want union to be informed



261
of this).” Sheet-metal work was dealt with in the same way. All the skilled work for

which fully rated men were indispensable was transferred to the comparatively small
Empire branch works, while other operations were mechanised and allocated to
unskilled workers in the main factories.’

The process continued throughout the rearmament years in collusion with Air
Ministry. ‘There is going to be considerable difficulty ... in getting the proper
numbers of unskilled people and women on to more or less skilled work’, Dobson
wrote to Lemon in February 1940. ‘I have been thinking around the Whitelands
Road factory at Ashton ... I wanted to use this factory in the same way and for the
same purpose which we started Hamilton Street, that is to say, the introduction of
completely unskilled labour on jobs which heretofore have been entirely skilled.’
Dobson now suggested moving some of the work undertaken in Ashton to other
factories, painting ‘Air Ministry’ on the door of the works ‘so that it looked as if we
were making a complete change over’ and introducing machinery which could be
operated by women or unskilled workers. ‘I feel’, Dobson concluded, ‘that only by
some such rather sweeping method we shall get away with it without considerable
trouble with the unions’. The necessary expenditure was immediately approved by
the Supply Committee.®

Such practices became widespread. As one union leader grudgingly admitted,
‘whether we like it or not, dilution is spreading in the aircraft factories of this country
today. Every man knows it. We have tried to control it, and we have failed to
control it.”* The new capacity sanctioned by the Air Ministry from 1938 onwards
marked a significant breakthrough in this respect, as it was invariably planned in the

expectation that skilled labour would not be available and that unskilled workers and
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more mechanised production processes would have to be employed instead.”
Vickers, for example, intended that semi-skilled and unskilled workers should account
for 85 per cent of the total labour force at their new Blackpool factory.®

Yet following the dispersal of the industry at the end of 1940 the Ministry of
Labour noted that even ‘the old aircraft works ... when manning their new dispersal
-units will not take their own transferee men from the old works. Apart from a
nucleus staff they prefer to build up a new labour force on a basis of 50 per cent
women [and] they welcome our co-operation in diluting their own works, thus
enabling them to increase production and get the works running on a proper basis.’®
Hawker and Bristol, like A.V. Roe, separated skilled sheet-metal work entirely from
their main factories.”® By the end of 1941 Short Brothers was employing 1,268
people, including 743 women, as ‘fitter assemblers’ on sheet-metal components, while
only 93 were employed as sheet metal workers proper. At Castle Bromwich sheet-
metal fitting was removed from the main shops and put into new factories where
semi-skilled ‘pressings fitters’ were used.”!

The opportunity to establish different customs in new factories was also
grasped by the aero-engine manufacturers. In December 1937 more than 60 per cent
of Rolls-Royce’s Derby labour force was rated as skilled. But by February 1941 only
eight per cent of the 12,000 workers employed at the company’s Glasgow factory
were skilled men, and some of these were not from light engineering backgrounds.”
Machinists’ training schools were established at all three Rolls-Royce works, and at
the end of 1940 it was estimated that 78 per cent of the machine operators at the
Glasgow factory had been trained by the company.*

Progress would have been slower, however, had the AEU not adopted a more
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flexible attitude towards dilution. There were several reasons for this change of
mind. By 1939 unemployment among the union’s members was falling, and
considerable dilution was taking place through sub-division and upgrading, which
were beyond the union’s control. War seemed imminent, and there was a growing
likelihood that the government would take special powers, which might include
industrial conscription. Any such development was viewed by the AEU with
trepidation. A formal agreement with the employers, on the other hand, would
increase the union’s influence over dilution, and improve its chances of restoring the
established customs at a later date.*

In August 1939 an agreement was therefore concluded between the AEU and
the EEF temporarily allowing the employment of unskilled workers on jobs
previously done by skilled men. Yet in the meantime, a number of firms negotiated
local agreements with union representatives permitting the replacement of men by
women on certain operations, and in May 1940 the AEU had to acknowledge this
trend as well by conceding a further relaxation of customs. During the following
months the EEF reached dilution agreements with several other unions including the
foundry workers, the electricians and the sheet metal workers.”® The blanket
priority over skilled labour which was granted to the aircraft industry during 1940
delayed the progress of dilution at some professional firms, and the amount of
development work undertaken by these companies inevitably created demands for
skilled labour which were high by comparison to the newer mass production
factories.”* Nevertheless, from 1941 onwards, the introduction of unskilled workers

proceeded apace throughout the industry.
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3. Labour Utilisation

Recruiting labour was one problem. But increasing competition for manpower

between the different sectors of the munitions industry and the armed services after

- 1939 raised questions as to whether existing labour resources were being productively

. used. Particular attention was focused on the high wages paid by some aircraft

companies, and on the general failure of the aircraft industry to increase per-capita
output during the first half of 1941. Indeed, it appeared to some of those in
government departments responsible for labour allocation that the aircraft firms were
wasting scarce resources which were urgently required elsewhere.” It is, however,
difficult to accept such allegations uncritically, given the intimate relationship between
the government’s own policies and some of the problems which faced the industry
during mobilisation. These problems must be examined at the industrial level if their

causes are to be properly understood.

i) Wi ings in the Air Ind

One of the most complex industrial problems to arise from the transition from
peacetime to wartime levels of output was the inflation of piecework earnings in the
Midlands shadow factories. By the late 1930s many British engineering firms
operated a piecework wage system comprising a basic hourly rate and a bonus, which
was intended to act as an incentive to the work-force to increase output. Agreements

between the EEF and the trade unions stipulated that workers of average ability
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should earn bonuses of at least 25 per cent above time rates. Piecework prices were
normally set by rate-fixers after some production experience had been gained.
Problems arose in the aircraft industry when the government placed large contracts
for aeroplanes or components which had initially been ordered in small quantities.
Under these conditions the original piecework prices invariably proved generous.
Companies favoured the piecework system because it acted, in effect, as a
self-regulating mechanism of cost control. When a large volume of work was being
undertaken bonuses were high. Companies could afford to shoulder the higher wages
bill, and as the rate of output increased overheads tended to decline. On the other
hand, when business was slack and a smaller volume of work was in progress
bonuses automatically fell. In this way firms could maintain a tight control over their
labour costs. In 1938, for example, Handley Page was in the process of changing
over from the Harrow to the Hampden. In this transitional period sales actually fell
slightly by comparison to the previous year, but the labour force had to be enlarged
prior to the commencement of Hampden production. Although this increase in
employment amounted to 45 per cent over nine months, the piecework system enabled
Handley Page to restrict the corresponding increase in their wages bill to just 12 per
cent (see table 27). In 1939 the expansion of output and piecework bonuses pushed

up average hourly earnings from 19 to 28 pence.”®



Table 27. The Piecework System at Handley Page, 1937-39

Year/Aircraft

266

‘ 1939/Hampden

Source: Handley Page accounts; EEFAW, MSS 237/13/3; PRO AIR 6/54.

Sales (£) Employment Wages (£)
1937/Harrow 1,311,334 2,145 419,672
1938/Harrow and | 1,261,265 3,115 468,460
-{{ Hampden
3,408,898 4,935 1,089,442
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The advantages of the piecework system were thus proven. By 1939,
however, there were signs of increasing anxiety in the Air Ministry regarding the
level of piecework bonuses being paid in certain sections of the aircraft industry, and
a seminal study of the subject was undertaken by the Director of Statistics and
Planning, T.S. Smith, a Bedaux management consultant. Smith argued that
piecework prices were being fixed too early, and that the acceleration of rearmament
alone was leading to a fall in production times which allowed very high bonuses to
be earned without commensurate effort from the work-force. Even in 1939 there was
allegedly scope for some firms to increase per capita output by 25 per cent by paying
lower bonuses.*”

Smith recommended that rate-fixing should be delayed for as long as possible,
but it is likely that his analysis tended to over-simplify both the problem and its
possible remedy. For one thing, the period between the commencement of production
and the establishment of new piecework prices was notorious for strikes, go-slows
and other labour troubles.'® For another, the task of rate-fixing under rearmament
and wartime conditions was particularly complex. Until 1939 the aircraft companies
had no knowledge of the government’s long-term requirements, and in the meantime
piecework prices had to be fixed for aircraft and aero-engines which were not
expected to remain in production for very long. There were, of course, many such
designs. Just 310 Spitfires were ordered for Scheme F in 1936, but by the end of the
war more than 19,000 had been produced.' Indeed, given the number of types
which entered production in the rearmament years and then unexpectedly remained
in production throughout the war, it is hardly surprising that difficulties arose in the

operation of the piecework system. If anything it is remarkable that these problems



268

were not more widespread.

The subject was considered by an Air Ministry committee in February 1940,
but while it was recognised that in some instances high wage rates were being offered
to attract skilled labour from other firms, there was as yet no evidence to suggest that

_wages were high in relation to those paid by companies engaged in other forms of
. large-scale light engineering, such as automobile manufacturing. The problem was
less one of wage rates than of bonus earnings in excess of the normal 25 per cent
level. Even here, however, high bonuses were thought to result primarily from ‘the
combined effect of long hours, overtime, and Sunday work on standard rates and
bonus earnings’.'®?

The EEF had drawn the government’s attention to the problem of high
earnings at state-owned shadow factories on a number of occasions, but the supply
departments had proved unwilling to intervene, fearing that any attempt to limit
earnings might adversely affect recruitment. There was no change of policy until late
1940, when the true extent of the problem became clear. In November, following
discussions between the EEF and officials from Ministry of Aircraft Production
(MAP), a special meeting of the National Technical Committee was arranged to
examine the whole question.'®

High earnings were caused, it was agreed, by piecework prices fixed during
the early stages of production, when batches were small and workers undertook
varying jobs. As output increased workers had become more specialised, and had
acquired greater skill and speed. Falling production times had then resulted in higher
bonuses. At the shadow factories piecework prices had sometimes been based on

those already in operation at the professional aircraft firms, but the higher output of
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the shadow industry had inflated the earnings of its work-force. An instance was
cited where a shadow factory was originally laid out to produce 50 units per week
and where piecework prices were fixed for this level df production. In the course of
time weekly output was increased to 200 units. ‘There was no doubt that the men ...
were able to increase their speed on the job and this had been reflected in their
earnings’. The rate-fixers’ difficulties had been exacerbated by initial shortages of
jigs, tools and materials. Time allowances had to be made for such factors when
piece-work prices were agreed, but the tendency for these bottlenecks to clear as
production gathered momentum created further scope for workers to increase their
bonuses.!®

The committee concluded ‘that any proposal to break down the piecework
prices ... at present existing in shadow factories would meet with considerable
opposition ... and that it would be extremely unwise to attempt such a proceeding.’
Instead, it was agreed that ‘there should be a closer co-ordination between the
initiating firms and the shadow factories ... When new layouts were being
contemplated, the shadow factories, before fixing piecework prices, should make
every effort to contact the initiating firms with a view to obtaining advice on the
matter.’!%
In the meantime, particular cases had to be dealt with on an individual basis.
Agreements between the EEF and the unions provided for the amendment of
piecework prices if rate-fixing mistakes were made, or if the means or volume of
production were changed. Managements had often been reluctant to use these

procedures, but the agreements were now invoked by several firms in an effort to

reduce earnings. For example, when the management of the Castle Bromwich
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Spitfire factory was transferred from the Nuffield organisation to Vickers-Armstrong

it was discovered that not only had some piecework times been set incorrectly, but
that changes in production methods and in the scale of output were allowing bonuses
of between 300 and 600 per cent to be earned in certain departments.

Vickers did not have the option of forcing down bonuses, as German
companies did. Reductions had instead to be negotiated through the established
procedures. The process took nine months, but in June 1941 an agreement was
reached between the employers and the unions which allowed reductions to be
gradually phased in, and in September Castle Bromwich reported that ‘the difficulty
experienced in the adjustment of prices ... seems now to have been overcome. The
average earnings have not greatly changed, but the output has appreciably
increased. 1%

By far the worst case in the industry, however, was that of the Standard Motor
Company’s Beaufighter factory in Coventry. At the start of production Standard had
never before constructed a metal airframe and no information had been available from
Bristol as to the likely manufacturing times. Under pressure from the MAP for
deliveries, Standard issued piecework prices in January and February 1941, but
during the following months the firm established a nightshift, tool and material
supplies improved, more unskilled workers were employed and a system of line
assembly was introduced. In spite of several reductions in piecework prices these
developments led to a dramatic rise in the output of skilled production workers with

consequences illustrated in table 28.
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Table 28. Piecework Earnings at the Standard Motor Company. 1940-42

Earnings Per Hour (s.d.) | Bonus Per Cent
October 1940 2/6
March 1941 3/5 200
September 1941 511 450
November 1941 5/3 550
February 1942 6/4 750

Source: EEFAL, P (5) 225.
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It is worth emphasising that this situation only occurred after the attainment

of per-capita output levels which greatly exceeded anything thought possible before
the war.'” The Standard figures reflect constant advances in productivity, and
further progress in this direction was still being made in spite of the piecework
problem. As Standard’s manager declared, ‘we shall not cease, and I am sure the
~men will not cease, efforts to find better means of producing ... by additional
equipment or change of process, so that there is a gain.’'® Nevertheless, as the
earnings of skilled workers at the factory were high even by Coventry standards, it
was considered essential to reduce piecework prices. On this occasion the agreed
negotiating procedures led to an overall cut of 40 per cent and a fall in production
costs of 15 per cent.'?

There were, however, alternatives to the established channels which were
often more attractive to employers in the first instance. The introduction of new
marks of aircraft often gave managements the opportunity to negotiate lower rates.
Thus the Castle Bromwich factory reduced piecework times for the Spitfire’s wings
by 800 hours when the mark 5b was replaced by the 5c.!° Particular jobs could
be ‘re-operated’ by changing jigging and tooling arrangements, so allowing the
employers to issue new piecework prices.!"! And the organisation of the aircraft
industry into groups increased the scope for consultation between different firms
producing the same type of aircraft.!”> Such measures were probably adopted much

more widely than the formal arrangements for reducing high earnings.
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ii r Productivity, 1940-41

It was demonstrated in chapter 3 that per-capita output in the aircraft industry
increased very considerably during 1939. However, in the early years of the war
such improvements were much more difficult to sustain. Indeed, between August
1940 and September 1941 there was no overall improvement in efficiency at all.'
Throughout this period production was adversely affected by shortages of key supplies
(such as machine tools, materials, and jigs and tools) which inevitably accompanied
industrial mobilisation. Many firms were also in the process of changing over from
one type of aircraft to another, during which time production levels tended to fall.
The whole process was severely disrupted by German bombing and by the dispersal
of aircraft factories. These problems will be discussed in more detail in a later
chapter, but the statistics raise specific questions about labour utilisation in the aircraft
industry which are more immediately relevant here. Why was it so difficult to
improve per-capita output between 1940 and 1941?

One important limitation on the performance of the industry was simply the
reduction of working hours which occurred in the later months of 1940. The
outbreak of war had been followed by an extension of working hours at most aircraft
factories. Supermarine, for example, reported that following the commencement of
hostilities day and night shifts of 63 hours per week had been instituted.!™ After
Dunkirk all departments worked a seven-day week, so that the dayshift with overtime
amounted to 70 hours, while the nightshift was even longer.!”® At Hawker, too,
labour worked twelve hours per day, seven days per week. Long hours of work

provided the chief impetus to the high production figures achieved by the British
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aircraft industry in 1940 but, in the words of a former member of Hawker’s
production staff, ‘this could not be continued indefinitely [and] some relaxation
followed. !¢

Similar steps were taken by most firms. In November 1940 the National
Technical Committee recorded the unanimous opinion ‘that the present system of
continuous working on seven days a week imposed a considerable strain upon the
workpeople, and that it was essential that something should be done to relieve the
situation’. It was initially decided that Sunday work should cease, but some months
later the committee opted for a six-day working week with factory closure alternating
between Saturday in one week and Sunday in the next. This became the standard
practice for the remainder of the war.'"

To some extent, then, the stagnation of per-capita output during 1941 reflected
the necessary relaxation of emergency measures adopted during the Battle of Britain.
Otherwise the absence of any immediate improvement in productivity was itself a
measure of the extent to which aircraft production had been de-skilled in the
rearmament years. Very large numbers of unskilled and women workers were now
recruited into the industry. Precise figures are not available, but the proportion of
female workers alone increased from 9.5 per cent in 1940 to 23 per cent in 1941, and
in new factories, such as Castle Bromwich or Vickers’ Chester works, the proportion
was already above 30 per cent by September 1941.!*

Recruitment is not, however, synonymous with absorption. Each new factory
still required a nucleus of skilled labour which had now to be transferred from other
works.'” The automobile companies overcame the problem by moving skilled

workers from the first shadow aero-engine group to the second,'® but this solution
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was not available to many other firms. The vast majority ran schools to train
unskilled labour for repetition work.’” But before unskilled workers could be
employed effectively layouts had to be reorganised, factories more extensively jigged
and tooled, and production divided into easily learned operations.

All this took time. The government’s own statisticians estimated in 1941 that
absorption would take at least six months, but where new factories were concerned
the process could be even more protracted.'? Nearly two years after the decision
to build the Rolls-Royce factory at Glasgow Ernest Hives reported that the new works
had not so far delivered an entire Merlin engine and that its chief contribution had
been to produce parts for the company’s other factories. In February 1941 productive
hours equivalent to 41 Merlin engines per week had been worked at Glasgow, but the
factory had difficulty in producing just fifteen.'®

There were also problems with labour discipline. ‘Clydeside’, Hives
complained, ‘is seething with communism ... It is inevitable in any new factory that
we collect a lot of rabble, who seize control of the shop stewards and shop
committee.’'” Similar difficulties were encountered at A.V. Roe’s new Yeadon

works, as Roy Dobson informed the MAP:
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My main trouble so far as labour is concerned at Yeadon

is the refusal of the workpeople to be properly disciplined, we

having been constantly embroiled in the last couple of months in

the difficult task of simply forcing discipline down their throats

and trying to educate them to workshop conditions. All this is

due to the fact that practically all the labour at Yeadon is of the

‘greenest’ and most of it has never been in a workshop before and

does not understand the necessities of production.
Dobson anticipated, however, that a marked improvement would take place during
the following three months.'?

That unskilled labour was successfully absorbed by the aircraft firms during
1941 can best be demonstrated by their productivity record in the following year.
According to a memorandum prepared for the MAP’s Chief Executive, between
January and October 1942 output rose by nearly 50 per cent while in the same period
employment increased by just 16.5 per cent.’” The upward trend in per capita

output continued until the later months of 1944.
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4. Conclusion

At the beginning of rearmament it had been feared that aircraft production might be
restricted by shortages of skilled labour. By 1941 the most exacting task facing the
industry was not the acquisition of skilled labour but the absorption of the unskilled.
Over a period of six years the structure of the work-force had been transformed. The
main features of this transformation may now be summarised.

In the mid-1930s the British aircraft industry, like its German counterpart, was
dependent on a highly skilled labour force. British aircraft firms succeeded in
fulfilling most of their requirements for skilled workers during the early stages of
rearmament, but they nevertheless endeavoured from the outset to increase the ratio
of unskilled to skilled labour by mechanisation, upgrading and the subdivision of
operations. Such methods helped the industry to overcome the severe shortages of
skilled workers which were encountered after 1938. Yet this was by no means the
only advantage gained from de-skilling aircraft production, for the new manufacturing
methods resulted in productivity levels significantly higher than those associated with
the equivalent skilled processes.

Although the aircraft firms encountered determined resistance from the trade
unions, a considerable amount of dilution had already been achieved prior to the
wartime relaxation of customs, and this increased the scope for de-skilling production
during the war itself. Moreover, the new factories commissioned by the Air Ministry
in the later rearmament years wefe planned to utilise an extremely high proportion
of unskilled workers, and these factories added significantly to the output of the

established industry when they entered production in 1941 and 1942. British
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employers did of course have their difficulties with the piecework system, and with
labour absorption, but both of these problems were, in a very real sense, by-products
of the industry’s relative success in improving productivity and recruiting large
numbers of unskilled workers. By 1941 the skills base of aircraft labour had been
extensively undermined. The expansion of British aircraft production was from then

on sustained by a largely semi-skilled and unskilled work-force.
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HAPTER

ANCE NTRACTS AND PRICES IN THE AIRCRAFT INDUSTRY

1935-41

Between April 1936 and March 1942 the government spent £204 million on buildings
and plant for aircraft production.! But the aircraft themselves were far from
inexpensive. In the same period production expenditure on aircraft and associated
products amounted to more than £1.6 billion.> With the government injecting such
vast sums of public money into a private industry the issue of financial relations
between the state and the aircraft contractors assumed a new importance.

At one level this was simply a question of financing the enlargement of fixed
and working capital. Whether this was undertaken by private enterprise or the state
hinged on the extent to which the financial requirements of rearmament exceeded
those of the pre-expansion period, or those which the industry expected to be
necessary following the completion of the defence programme. The mid-1930s
witnessed a remarkable boom in aircraft investment as new capital was sought to
finance Schemes C and F. But as the demand for aircraft grew even further during
1938 and 1939 the state was called on to assume an increasingly important role in
financing aircraft production. |

At the contractual level, however, the relationship between finance and
production was more complex. As the state played no part in factory management
the aircraft firms exercised complete control over investment decisions and over the

way in which capital was employed. Even when the government began to invest
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directly in factories and plant in 1938 detailed decisions regarding the utilisation of

capital were still taken by the industrialists. But contractual policy did provide a
direct means by which the state could encourage expansion and influence production
methods. Moreover, the state had a political obligation to ensure that aircraft were
manufactured economically and that the prices charged for them were not excessive.
Throughout the rearmament years repeated attempts were made to reach a financial

settlement with the industry which performed these various functions.

1, The Aircraft Boom

The collapse of the Geneva disarmament conference, the government’s defence
programme, the growth of civil air transport and rapid technological development
combined during the mid-1930s to stimulate an unprecedented demand for aircraft
shares. At the commencement of rearmament in 1934 there were relatively few
public aircraft companies. Such substantial concerns as Armstrong Siddeley
Development and Bristol were privately owned, while Vickers and Supermarine were
subsidiaries of Vickers Ltd. and did not publish their own accounts.’ So when the
attention of investors was attracted to the aircraft industry they found just six
established public companies with a total share capital of £3.8 million.* Share prices
soared. Little heed was taken of the fact that Fairey’s profits had fallen by 42 per
cent in 1933 or that Handley Page and Napier had actually made losses. The banking
firm, Lazard Brothers, who acquired a substantial stake in Napier, appears to have

been completely ignorant of the company’s lack of technical success until 1937.°
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Air hare Prices, 1933-34
: il
Firm 1933 Low (s) 1934 High (s) Share Capital
1933-34
Hawker 10 29 £787,000
Fairey 16 35 £500,000
Rolls-Royce 44 111 £839,000
de Havilland 14 66 £400,000
Handley Page 6 17 £206,000
Napier 3 15 £1,028,000
" Total Capital £3,760,000

Source: The Statist, 30 March 1935.
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ies Formed Between 1933 and 1

Air Ministry Con
Firm W Share Capital
on Formation (£) in 1939 (£)
Hawker Siddeley 2,000,000 6,000,000 Jl
Bristol 1,200,000 3,900,000
Blackburn 630,000 1,200,000
Boulton Paul 250,000 500,000
Westland 250,000 400,000
Short 150,000 500,000
Total Capital 4,480,000 12,500,000

Source: The Statist.
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Table 29 illustrates the contrast between the lowest share prices in 1933 and

highest in 1934. In the following years both Fairey and de Havilland doubled their
capital by floating new issues, while Rolls-Royce and Handley Page capitalised
reserves and, in Handley Page’s case, additional sums from their patents realisation
account. However, Napier’s relatively large capital was not increased at all. The
total share capital of these firms (excluding Hawker, which became part of the
Hawker Siddeley group) amounted to £4.6 million on the outbreak of war.®

Between October 1934 and April 1936 the older public companies were joined
by the other established Air Ministry contractors (see table 30). One of the most
important firms in this group was the Bristol Aeroplane Company. In June 1935
Bristol’s net assets were valued at £1.2 million and profits had averaged £150,000 in
the five years prior to flotation. The company’s stock was therefore highly attractive
to investors, and when it was announced that 360,000 of Bristol’s ordinary 10s.
shares had been acquired by the introducing brokers at 37s. 6d. so much interest was
generated in the issue that on the day after dealing commenced prices stood at 56s.
3d.” Share premiums from the new issues of 1935 and 1936 amounted to
£900,000.°

In the following month Hawker Siddeley was formed to acquire the whole of
the ordinary capital of Armstrong Siddeley Development (comprising A.V. Roe,
Armstrong Siddeley, and Armstrong Whitworth) and half the ordinary capital of
Hawker Aircraft, a subsidiary of which was the Gloster Aircraft Company. Hawker’s
remaining capital was absorbed by Hawker Siddeley in the following year. The new
company’s 5s. ordinary shares were initially marketed at 15s., but by February 1936

their price had risen to 34s. 6d. In the aftermath of flotation the company’s share
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premium account was credited with more than £800,000.° Such premiums allowed
firms like Hawker Siddeley and Bristol to finance much of their own expansion in the
late 1930s without risking excessive capitalisation.

The story of Bristol and Hawker Siddeley in the rearmament years is one of
continuous expansion. By 1939 the share capital of these two concerns amounted to
nearly £10 million, while a further £5.8 million had been raised through debentures
and loans." In comparison the other companies in this group operated on a
relatively modest scale. Westland and Boulton Paul were originally the aircraft
sections of larger manufacturing companies, while Short Brothers had derived a
substantial portion of its income from manufacturing bus bodies. Although firms like
Westland had made large profits in the 1920s, aircraft work had not been
remunerative in the years immediately preceding rearmament, and these companies
initially viewed the prospect of flotation on the Stock Market with some trepidation.
Blackburn recognised in June 1935 that additional capital would be required to finance
expansion but went to considerable lengths to obtain it through private channels
before finally deciding to go public."

The process of flotation was not without its difficulties. When Westland’s
shares were offered to the public by their parent company, Petters Ltd., in 1935, only
£75,000 of Westland’s total capital of £250,000 was subscribed in cash. The balance
of the capital, consisting of shares with a nominal value of £175,000, was issued to
Petters as a purchase consideration. Petters then sold £125,000 worth of these shares
to the public at a premium of 40 per cent, but the proceeds of this sale went to
Petters rather than Westland.'> Only the strongest possible pressure from the Air

Ministry persuaded Petters to adopt a more responsible attitude.'®



293
Alongside the established Air Ministry contractors emerged a plethora of new

aircraft companies. These firms usually had licences to build foreign designs, but the
majority were probably hoping to undertake subcontracts for the rearmament
programme. Their shares proved no less popular than those of the established firms.
Indeed, Airspeed, General Aircraft and Phillips and Powis became public companies
before several of the older concerns.! The first shares issued by Parnall (which
eventually manufactured the Fraser-Nash gun turret) were oversubscribed fourteen
times.” And another newcomer, the Aeronautical Corporation of Great Britain, was
successfully floated in May 1936, ostensibly to manufacture the ‘Aeronca’ aircraft
which was said to have been approved by the Air Ministry as a trainer. Profits of 20
per cent on issued capital were confidently predicted.'® In 1936 the Air Ministry
found that seventeen firms from beyond the established circle of contractors were
available for rearmament work."” Nine were public companies (see table 31).

The City was deeply disappointed by the earning capacity of these concerns.
One analyst referred in 1937 to ‘the folly of excessive optimism in the investment
sphere and the utter recklessness with which money was subscribed for shares in new
undertakings not on grounds of past achievement but merely on the company
promoter’s roseate picture of things to come.’’®  Neither the Aeronautical
Corporation of Great Britain, British Marine, nor Aero Engines survived for very
long,' and three firms, Pobjoy, Phillips and Powis and Airspeed, soon lost their
independence. Phillips and Powis was acquired by Rolls-Royce, and Swan Hunter
bought a controlling stake in Airspeed in 1934 which was in turn sold to de Havilland
in 1940.° However, as subsidiaries these firms became two of the most important

manufacturers of training aircraft in the industry.
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ies Formed Between 1933 and 193

Design (D), Patent (P),

Firm Capital (£) on
Licence (L) Formation
Airspeed (L) Fokker, Douglas aircraft | 160,000
(P) retractable undercarriage
General Aircraft (P) Monospar wing system 375,000 -
Phillips and Powis (D) Various aircraft 125,000
British Marine (L) Sikorsky flying boat 400,000
” Parnall (D) Fraser Nash gun turret 300,000
Aero Engines (L) Hispano Suiza engine 275,000
Pobjoy (L) Short Scion civil aircraft | 275,000
Aeronautical Corporation (L) Aeronca training aircraft | 200,000
of Great Britain /‘\
Aircraft Components (D) Aircraft equipment 200,000
2,210,000

“ Total Capital

Source: The Statist
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The aircraft boom also created opportunities for companies normally interested

in other sectors of the engineering industry. The most successful was the English
Electric Company. English Electric, who had designed and produced aircraft during
the Great War, was initially asked by the Air Ministry to produce just 75 Handley
Page Hampden bombers, the intention being to ‘train a labour force and set up an
organisation for aircraft construction which would be available in an emergency.’!
The company was then invited by Freeman to assume further responsibilities.

The managing director initially responded with some caution. He was, he
maintained, under pressure from the Board of Trade to maintain exports. Moreover,
concentration on munitions work during the Great War had led English Electric to
neglect the civil side of its business, and this had caused severe trading problems
during the 1920s. He argued that civil business might again be jeopardised if English
Electric took on more aircraft work, and therefore asked the Air Ministry ‘to give
him such assistance as was within their power to enable him to build up an aircraft
design section, and ... not to withhold orders from him after the war if he was able
to form such a section.” He felt that English Electric would influence design so that
aircraft could be produced more economically, and promised to produce the Hampden
more cheaply than Handley Page.”? The documents do not record Freeman’s
reaction. However, as he was Chief Executive of the Ministry of Aircraft Production
when English Electric bought out Napier at the end of 1942, and when the company
acquired Westland’s chief designer, Edward Petter, together with an embryo bomber
design (which became the highly successful Canberra) in 1944, it seems unlikely that
he discouraged the firm from re-entering the design field.”

A number of shipbuilders also became involved in aircraft production through
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buy-outs and joint management deals. By 1938 Swan Hunter and Wigham

Richardson, John Brown and, of course, Vickers, all owned aircraft companies.
Denny was associated with Blackburn, and Harland and Wolff with Short Brothers.?
The shipbuilders provided a much-needed injection of capital into some of the smaller
aircraft firms. Westland’s financial position remained somewhat unsound until John
Brown acquired a controlling interest in the company in 1938,% and Airspeed’s
finances were equally parlous until the company’s association with Swan Hunter.

Airspeed was formed in 1931 with just £5,000 of private capital. The
managing director, Nevil Shute Norway, later recorded that in its first three years the
company was engaged in an almost continuous struggle to contain its overdraft and
to satisfy its creditors, and had only continued trading thanks to the willingness of its
principal shareholder to provide more capital and to make personal guarantees to its
bankers. But by the beginning of 1934, Norway recalled, ‘the finances of the
company had grown to such a scale as to make it impossible for our early loyal
supporters to carry the company much further. In our continuing quest for fresh
capital we made contact with a City firm who seemed to think they could place a
public issue for us ... [but] our continuing losses [were] something of an obstacle to
a successful issue.’?

The aircraft boom transformed this situation. Airspeed began ‘to attract the
attention of more conservative City houses. One ... was closely linked with the well-
known shipbuilders Swan Hunter and Wigham Richardson Ltd’ which was
contemplating taking an interest in aircraft manufacturing. ‘By the beginning of June
[1934] an agreement had been reached ... for a public issue of shares in Airspeed

Ltd’ under the auspices of Swan Hunter, who ‘would acquire control of the company

_~
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through an ordinary shareholding ... After three years substantial capital was at last

in sight’.?

Swan Hunter’s chief interest was in fact civil (as opposed to military) aviation;
the company envisaged using its shipbuilding facilities to produce flying boats. Yet
these hopes were never fulfilled. Shipyards which had been empty in the early 1930s
were soon employed on Admiralty contracts for rearmament, and in the meantime
Airspeed’s civil ‘Envoy’ was converted into the Oxford, which became the most
successful RAF trainer of the Second World War.® Despite the Oxford’s success
Swan Hunter did not welcome the outbreak of hostilities in 1939. It was anticipated
that Oxford production would come to dominate Airspeed’s activities to the detriment
of design work for the future, that there would be a glut of second-hand aircraft on
the world market in the immediate post-war years, and that in consequence it would
be very difficult to win either civil or military contracts. So in May 1940, only two
years after Airspeed began to trade profitably, Swan Hunter sold its stake in the
company to de Havilland.?

The motor car industry might perhaps have adopted a similar approach to the
shipbuilders had it not been for its involvement in the shadow scheme. Two firms,
Alvis and Wolseley, did attempt to establish themselves as independent contractors
to the Air Ministry, but both failed completely. Alvis incurred substantial losses,
while the Nuffield organisation eventually closed down Wolseley’s aero-engine
division altogether.*

The aircraft boom peaked in 1936, when the industry’s demand for new capital
was at its height. But as firms issued more capital share prices naturally tended to

fall. In July 1936 ordinary £1 shares in de Havilland were valued at 73s. but by



298
January 1938 the price had fallen to 40s. Rolls-Royce shares fell from 171s. to 96s.

between August 1936 and June 1938; Hawker Siddeley’s from 39s. to 29s. between
October 1936 and April 1938.> A similar pattern prevailed throughout the industry.
After 1936 firms often succeeded in fulfilling their financial requirements by
capitalising reserves and by borrowing, and the need to float new issues was in any
case reduced after the government began to finance fixed capital extensions in 1938.
Nevertheless, further cash issues, like the £2 million Hawker Siddeley issue of
November 1937, were still heavily oversubscribed.*

By the outbreak of war, then, the share capital of the principal aircraft firms
had been raised to more than £19 million.®® In the words of the official historian,
‘the figures indicate that the pre-war aircraft industry itself financed much of its
expansion’.* In 1935 alone aircraft and aero-engine share issues accounted for 9.5
per cent of total new issues in Britain’s commercial and industrial sector.’® The
extensive employment of subcontractors after 1938 ensured that private capital
continued to play an important role in financing aircraft production throughout
rearmament and well into the war. In 1941 a total capital of £45.9 million was
employed in manufacturing the products of eight leading aircraft firms. Of this sum
39.2 per cent was supplied by the professional industry, 47.9 per cent by

subcontractors and just 12.9 per cent by the state (see table 32).
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Table 32, Priv n ital Empl i
Production, 1940-41
Company’s Subcontract State
Capital Capital Capital
Blackburn 2,400 2,013 619
Boulton Paul 1,400 964 46
Bristol 6,925 5,987 2,055
de Havilland 1,700 1,741 41
Handley Page 1,440 1,133 259
Rolls-Royce 3,079 8,173 2,370
Short 1,600 1,367 450
" Westland 864 625 73
Total 18,008 22,003 5,913 “

Source: PRO AVIA 10/253.
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2. The Supply of Working Capital

Although the government relied heavily on private capital to finance aircraft
production, over-capitalisation would have benefited neither producer nor consumer.
The Air Ministry’s opinion on this subject was clearly expressed by the Secretary on
the occasion of Hawker’s flotation in 1933. ‘Their capitalisation is beyond doubt too
heavy’, Bullock wrote, ‘and we, as their principal customers, will inevitably be asked
excessive prices for their products to enable them to pay dividends on this inflated
capital. %

In fact, Bullock was wrong. Although Hawker ultimately required a share
capital of £6 million to fund the amalgamations of the following three years, this was
by no means excessive considering the number of different subsidiaries involved, and
after the creation of the Hawker Siddeley combine had been accomplished the holding
company came to rely for finance on £5 million worth of short-term debentures. The
advantage of this method lay in the fact that when the finance was no longer needed
the debentures could be repaid so that the group was not burdened with capital which
it did not require.” The general view of the industry was more accurately
summarised by Frederick Handley Page in 1939: ‘Our endeavour’, he wrote, ‘is to
turn over our capital as many times as possible during the year and achieve a high
rate of production with a relatively small capital’.*®

The provision of state capital assistance was therefore in the mutual interests
of the government and the contractors, and this had been acknowledged throughout
the inter-war years by the provision of staged ‘progress payments’ covering up to 80

per cent of the estimated cost of completed work. At the beginning of Scheme C the
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Air Ministry, under pressure from the industrialists, agreed to make monthly

payments of 80 per cent of the money spent on the purchase of materials, and to raise
the limit of progress payments for materials to 90 per cent of their estimated total
cost.¥

Liberal as these advances were, however, they often seemed insufficient
because of the sheer scope of the expansion programme. According to a report by
the Air Ministry’s Director of Contracts:

Payments made on the basis of a provisional price

related in the main to completion of stated stages of work, are

inadequate, partly because the Department must necessarily err

on the side of caution in arriving at the provisional price and

partly because heavy expenditure is incurred before completed

stages of work are finished. No advances are made against tool

expenditure. No convenient system exists for making progress

payments against spares contracts ... The liquid assets normally

held by the firms have been largely expended on capital items.*

Pre-production work for Scheme F imposed greater financial burdens on the
industry than it had born at any time in its history, and the technical problems
encountered in developing the new generation of military aircraft resulted in a
tremendous accumulation of expenditure before deliveries started. By the time
Handley Page delivered the first Harrow bombers the company’s financial resources
had been severely depleted, and it had to borrow to fulfil requirements. The cash
position improved as production accelerated but deteriorated again during the

transition from the Harrow to the Hampden, when Handley Page had, once again, to
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rely on bank loans and an overdraft.*

The pattern was typical. More than 40 per cent of total contract expenditure
for both the Wellesley and the Wellington bombers had been incurred by Vickers
Aviation before the first production aircraft were delivered, and between July 1936
and December 1937 the Vickers parent company advanced more than £800,000 to its
aircraft subsidiaries.*> Fairey’s 1936 share issue provided £625,000, but
considerably more than this amount was eventually required to finance the
improvement and extension of capacity and the expansion of turnover. Fairey’s
accounts show that its Stockport subsidiary, where the problematic Battle was being
developed, became heavily indebted to the parent company. By January 1937
Fairey’s cash resources had been exhausted, outside investments sold, and an

overdraft raised (see table 33).4
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Tabl Fairey Aviation, Financial Position, 1935-36 (£

1935 1936

Capital 500,000 1,000,000 |
Overdraft - 60,000
Creditors 91,998 367,044
Subsidiaries a/c 31,217 729,184
H Investments 117,238
75,727 943 J

(.

Source: The Statist, 18 December 1937.




304

For some companies the search for additional finance must have seemed
interminable. Blackburn was floated on the Stock Market in 1936 with an issued
capital of £630,000. In June 1937 the company’s bankers granted overdraft facilities
of £300,000. Additional requirements for fixed and working capital led Blackburn
to increase its issued capital to £930,000 in September 1937, and in December
overdraft facilities were doubled. They were increased again to £700,000 in June
1938 and to £850,000 in October. These sums were required in addition to
progress payments from the Air Ministry which totalled £600,000 prior to the
delivery of one type, and £1.8 million before the emergence of another.”* The
demand for finance was in large part due to the technical problems which Blackburn
encountered in the development of their designs.

It was not always easy for smaller firms to obtain the necessary funds. Peter
Acland of Westland wrote to Frederick Handley Page in 1937 that

Westland got caught at the beginning of the expansion

period with no work, and even to date have not had an even flow

of production, which renders it reasonable to expect a return to

be earned for shareholders ... There are considerations of

obtaining further capital to execute an agreed output, and there

is extraordinarily little in the way of a tale to tell to the financier.*

The position improved somewhat when the progress payment system was extended
in 1937 to cover jigs and tools, but the Air Ministry was otherwise reluctant to make
concessions. It was usually argued that the retention of a portion of the production
costs served as an incentive to greater output. There was naturally a reluctance to

allow contractors to profit from ‘a mass of work at an uncompleted stage’ or to work

-~



305
on what amounted to a ‘cost-plus’ basis. But there is also little doubt that by

retaining 10 or 20 per cent of a very conservative provisional price, sometimes
amounting to only 50 per cent of actual costs, the ministry was seeking to expedite
contractual negotiations with the aircraft firms.#’ As the balance between progress
payments and actual costs had to be financed by the contractors, and as the Air
Ministry did not allow interest on loans as an overhead, it was to the firms’ own
advantage that final prices should be fixed as quickly as possible.

So there were no further changes to the progress payment system until, in the
later months of 1938, the acceleration of rearmament began to create financial
problems for the industry. A new progress payment stage covering detail parts was
introduced, but this did not prevent two of the three parent firms of the new heavy
bomber groups, Handley Page and Short, from protesting about the inadequacy of
existing provisions for state capital assistance. Both companies operated on a
relatively small scale in the inter-war years and lacked the necessary resources to
finance pre-production work on the scale which the group schemes entailed. The
Stirling group, for example, required £7 million worth of jigs, tools and materials.
Had the Air Ministry retained just 10 per cent of this sum Short Brothers would still
have had to finance the outstanding £700,000.%

There were also complaints regarding the Air Ministry’s requirement that
contractors should produce paid bills in support of their claims for reimbursement.
This stipulation, reasonable enough under normal circumstances, now resulted in
firms like Handley Page having to finance very substantial payments for materials for
several weeks. Under pressure from his own company secretary, Frederick Handley

Page suggested to the Air Ministry that firms might withhold payment for materials
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pending receipt of each monthly payment from the Air Ministry. When the ministry

refused, Handley Page abruptly withdrew his financial support for the London
Aircraft Production group of Halifax bomber subcontractors. An alternative approach
was adopted by Hawker Siddeley who in 1940 furnished the MAP’s Directorate of
Contracts with false certificates of payment.*®

Dissatisfaction with the progress payment system became general following
the outbreak of war. In November 1939 the managing director of Vickers-Armstrong
urged his aircraft division to reduce its indebtedness: ‘The Aviation Department is
getting thoroughly unpopular here’, he wrote, ‘owing to the tremendous amount of
financing we are called upon to provide. I hope every effort will be made to put the
company in the position to claim these instalments [from the Air Ministry].”® Sir
Frank Spriggs complained that Hawker Siddeley was having to finance £2 million
because of delays in settling prices, but by November 1940 Bristol was owed more
than twice this sum by the government (see table 34). ‘Apart from any increased
production programmes’, the company secretary wrote, ‘we have undertaken ...
additional work concerned with salvage, the repair of aircraft and engines, the repair
of components and accessories, [and] the supply of large quantities of spare parts’.>!
Expenditure had also been incurred because of dispersal, air raid precautions and
bomb damage, and enemy action had interrupted production, causing an increase in
overheads which was not expected when provisional prices were agreed. Some
assistance had been provided by the company’s bankers, but it was now felt that the
volume of work involved ‘the provision of an excessive amount of working capital
... so that even with the most prompt method of payment which was practicable, the

amount due to the Company at any one time was very considerable. '
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4, Amounts Ow e Mini of Aircraft Production

to the Bristol Aeroplane Company, 31 October 1940

Division Amounts Owed by the MAP (£)
Aircraft 1,232,850
Engines 1,990,994
Other work 1,658,632
Claims 342,040
Less amounts due to the MAP 939,440
“ Total 4,285,076 “

Source: PRO AVIA 15/3710.
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It was too easy for industry to blame the government for all its difficulties.
Privately the firms recognised that the limitations of state capital assistance were only
part of the problem; financial requirements could be reduced by improved production
methods and stock control systems.® But given the rapid increase in turnover which
followed the outbreak of war it was inevitable that the state’s role in providing
working capital should have been extended. New capacity sanctioned at this time was
invariably managed on an agency basis, similar to that employed in the shadow
factories, whereby companies received a management fee and the state underwrote
all production expenses. All 12,000 Spitfires produced at Castle Bromwich, and most
of the 12,000 Wellingtons built by Vickers-Armstrong were, for example, subject to
agency contracts.

Yet commercial operations continued on a large scale, and it therefore became
necessary for the government to liberalise the progress payment system. In April
1940 the Treasury agreed to allow progress payments of up to 95 per cent, and in
Short Brothers’ case 97' per cent was allowed for materials, jigs and tools. Handley
Page’s representations resulted in progress payments being made for spare parts.
Further concessions were granted during the emergency of 1940, and when companies
still found themselves in financial difficulties (as in the case of Bristol) special
advances were made by the MAP which in practice often amounted to at least £1
million.**

The government also reached an agreement with the Bank of England and the
clearing banks under the terms of which overdraft facilities were extended and normal
requirements for securities on loans waived. ‘The object’, in the words of the official

historian, ‘was to ensure that the banks would readily meet the requirements of
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Government contractors and subcontractors for working capital and that the
difficulties of finance would cause no impediment to the flow of production’.®® For
the most part these measures were successful, and the industry was able to fund its
operations by borrowing on a scale far greater than was normal in peacetime. In July
1940, for example, de Havilland’s company secretary reported to the board that its
bankers ‘had agreed to provide overdraft facilities up to a limit of £750,000°. As this
exceeded the borrowing powers conferred by de Havilland’s articles of association,
a meeting of shareholders was called and a borrowing limit equivalent to twice the
company’s issued capital was authorised.*

There were two other ways in which the firms could finance the growing
volume of production. The first was to take the maximum possible advantage of
credit from material and component suppliers. Credit provided the most important
source of private finance for the aircraft industry in the rearmament years,” and the
more liberal stance adopted by the banks in 1940 had the effect of adding to the
amount of ‘trade’ credit which contractors could advance to one another. Yet
requirements for trade credit did not grow proportionately to the industry’s turnover
after the outbreak of war. This was in part because materials, equipment and
components were increasingly purchased directly by the government’s supply
departments and issued free to main contractors.”® But at the same time firms began
to employ more of their profits as working capital. General reserves were built up,
but more important were taxation reserves, which enabled taxable earnings to be used
to finance production during the nine to eighteen months between the receipt of those
earnings and the date on which payment to the Inland Revenue became due.*

Of course, this effectively meant that the state was providing another form of
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finance to industry in addition to the progress payment scheme. The industry’s
dependence on taxation reserves was denounced by the Ministry of Aircraft
Production as ‘an illegitimate form of borrowing’, and it was doubtless for this reason
that the MAP continued to reduce the profit allowances paid to the firms and to
monitor their costs closely - even after the introduction of Excess Profits Tax
(EPT).® Yet if the industry had been prevented from using its profits in this way
it would only have demanded more direct assistance from the government, and the
latter, as already noted, preferred to set clearly defined limits on the proportion of
production costs for which progress payments could be claimed. It was preferable
to allow industry as much financial independence as possible, and in 1942 the MAP
even considered asking the Inland Revenue to defer its demands for EPT.%!

The finance provided by bank overdrafts, trade creditors and taxation reserves
was very substantial indeed. In July 1941, for example, the private capital employed
by the five Hawker Siddeley firms amounted to £14.3 million.? In order to execute
a turnover of £42 million additional finance amounting to no less than £14.5 million
was required, divided between bank overdrafts (£3.5 million), sums owed to
subcontractors and suppliers (£6 million) and amounts due to the Inland Revenue (£5
million).® In the same year Handley Page, who employed a private capital of £1.5
million, halved the interim dividend on its ordinary stock and raised its taxation
reserve from £380,532 to £745,000. The company owed an equivalent sum to its
trade creditors (see table 35). In short, overdrafts, trade and taxation credit provided

the aircraft firms with finance equal in value to their own capital.
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Handley Page Liabilities, T: Creditor Reserve

1938-41
A) Trade B) Taxation | C) General | D) Total % A+B+C
Creditors Reserve Reserve Liabilities | to D

1

273,987 164,495 80,000 1,383,187 | 37.5
416,231 414,726 160,000 1,791,522 | 55.3

1940 | 412,162 380,532 200,000 1,969,679 | 50.4

1941 751,893 745,000 230,000 2,535,873 | 68.1

Source: Handley Page archive, Handley Page annual accounts. Total liabilities do not

include amounts received on account against certain contracts.
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3. _The McLintock Agreement

Government financial aid to the aircraft industry was progressively liberalised
between 1935 and 1941. In contrast, state control over aircraft prices and profits
became increasingly strict during this period. Contractual policy was intended by the
government to perform three principal functions. Firstly, public pledges to prevent
profiteering had to be honoured. Secondly, it was felt that prices should provide an
‘incentive to production and efficiency’.* Thirdly, the aircraft industry had to be
given clear assurances about the level of remuneration which it could expect. As
Lord Weir pointed out, it is “difficult to secure the best enthusiasm and energy on the
part of a contractor until he knows he can go ahead with confidence in being fairly
treated financially.’®

In 1935 it appeared to the National Government that there were overwhelming
economic and political objections to the imposition of statutory controls on firms
engaged in rearmament work, and consistent attempts were therefore made to
negotiate a general financial settlement with the aircraft industry. This settlement
came to be known as the McLintock Agreement after the prominent accountant who
negotiated on behalf of the SBAC. The McLintock Agreement was only concluded
after months of bargaining and proved extremely difficult to implement effectively.
It was revised at the end of 1937, completely renegotiated in 1939, and finally
abandoned altogether in 1941. From an industrial standpoint the interests of the
government and the aircraft firms were broadly compatible. The government needed
to buy aircraft for the defence programme; the industry naturally wanted to produce

and sell aircraft for a reasonable return. But the political controversy generated by
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rearmament profits tended to obscure this community of interests. The government’s
three contractual objectives proved irreconcilable until compulsory profit controls
were imposed on the outbreak of war in 1939,

The government’s first public assurances that excessive profits would not be
permitted on rearmament contracts left the aircraft industry in an uncertain financial
position in the summer of 1935.% If profits were to be controlled, how large a
return could be expected? Substantial commitments were being entered into. Bristol
Aeroplane and Hawker Siddeley were floated on the Stock Market. Vickers,
Supermarine, Fairey and Handley Page each initiated schemes for expanding factories
and plant. The value of de Havilland’s fixed assets increased by more than £100,000
between 1934 and 1935.4 The industry considered that much of this capacity would
be excess to normal requirements, and the government was therefore asked to provide
compensation for plant which became redundant after the completion of Scheme C
in 1937.% There was considerable anxiety when assurances on this point were not
immediately forthcoming.

Another contractual problem was raised by the inadequacy of the government’s
costing machinery. The Air Ministry had controlled prices during the early 1930s by
inviting firms to compete for available contracts. The ministry also made its own
‘technical’ cost investigations but only limited importance was attached to their
accuracy because orders were generally small.¥ Rearmament changed this situation
completely. As demand began to outstrip supply the scope for competitive tendering
declined, and the growing volume of turnover enlarged both the absolute amount of
profit earned by the industry and the margin by which actual production costs

undercut the Air Ministry’s cost estimates.” In consequence the ministry’s approach
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to fixing prices became increasingly circumspect.

By the later months of 1935 price fixing and other financial questions were
causing so much concern to both the Air Ministry and the aircraft industry that the
two sides sought agreement on a general set of contractual principles covering
rearmament orders. The negotiations began inauspiciously. The SBAC (representing
the industry) wanted disagreements on contractual questions to be settled by
independent arbitration, whereas the Air Ministry maintained that ultimate control
over such questions rested with the Secretary of State. There was also disquiet within
the industry about the status of new aircraft companies like General Aircraft and
about the Air Ministry’s refusal to fix prices for established designs. On the question
of profits, the SBAC ‘did not think it was practical to ask for a fixed rate ... but it
was necessary that for every contract a definite rate should be fixed.””* Until such
issues were resolved there was a danger that the industry would delay the
implementation of further expansion plans.

There followed several months of inconclusive bargaining during which
Scheme C was succeeded by the much more ambitious Scheme F. The question of
compensation for capital which became redundant after the completion .of the
expansion scheme (the so-called ‘Capital Clause’ in the prospective agreement)
became a major bone of contention, as did the industry’s insistence that development
expenditure was a legitimate overhead charge. ‘Until this is arranged’, Frederick
Handley Page wrote, ‘I very much fear that our profit may gradually disappear into
the background and finally be represented by bricks and mortar and an intangible
value in patents and designs. We shall have to press very hard in order to get a

decision, and the most likely procedure on the part of the Air Ministry is to postpone

~
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things until the end of the expansion programme.’”

Yet the Air Ministry was initially unsympathetic to the industry’s arguments
about R and D expenditure, and indicated that Capital Clause compensation would be
withheld if contractors made ‘excessive’ profits. ‘This interlinking of capital
expenditure with profit immediately makes any settlement of price provisional’,
Handley Page told McLean, ‘in that if by efficiency of manufacture, cleverness in
design, or by any other means which a capable manufacturer may take, a large profit
is made on the contract, then there will be a very difficult case to make out for a
claim against the Minister.” Nor was there any agreement over the price of
established types of aircraft. McLean pointed out that such designs would account
for no more than 10 per cent of Scheme F contracts, and ‘suggested ... that [the Air
Ministry] should agree to accept the technical cost investigations already made and,
by adjusting prices to the current levels of overheads, agree a final price.” The Air
Ministry, however, maintained that it lacked adequate data owing to a shortage of
costing staff.”

By March 1936 an impasse had been reached. ‘We have been put in a
position that is quite unique’, McLean recorded. ‘Without process of or reference to
Parliament and without Statutory Powers of any kind, the Air Ministry [has]
commandeered our assets and pledged our credit up to the hilt without offering us any
consideration that we could consider "valuable".” It was in an attempt to overcome
this deadlock that the industry sought the advice of Sir William McLintock.
According to Charles Allen, the SBAC’s solicitor, McLintock rapidly acquired ‘a
very clear grasp of the situation’, and the society subsequently invited him to

negotiate on its behalf.”
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McLintock clearly provided a significant stimulus to the negotiations. On 20

May 1936 Swinton agreed to treat development spending as an overhead charge and
extended the Capital Clause for the duration of Scheme F.” For its part the SBAC
reluctantly accepted the reservation regarding ‘excessive’ profit which was insisted
on by the Cabinet.”® It is unclear whether expansion was significantly delayed by
the industry’s insistence on compensation for redundant capacity. Some firms
effectively committed themselves to expansion before May 1936. At least one other,
Blackburn, decided as late as 18 May to ‘keep capital expenditure ... to the minimum
... We were uncertain to what extent the government would enable us to recover
losses on capital expenditure.’ This element of uncertainty soon disappeared, and by
the end of 1936 the industry had spent £3.8 million on factory extensions which were
expected to be covered by the Capital Clause. Blackburn alone had spent £550,000
by September 1937.7

By July the outstanding contractual issues had been narrowed down to profit
rates and pricing methods. Profit rates were in practice negotiated on a contract-by-
contract basis and varied from 7 to 10 per cent until 1938, when the Air Ministry
reduced the average allowance to 7 per cent. Where pricing formulae were concerned
there were two obvious solutions. One was the fixed price, which had been employed
for much of the inter-war period and which was favoured by industrialists like
Frederick Handley Page.”® Handley Page had, by this time, developed so-called
‘split’ construction and was presumably fairly certain that production costs could be
substantially reduced.”

Other contractors wanted provision for ‘cost-plus’ when no agreement on fixed

prices could be reached.® Their difficulty lay in the technical revolution which was
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then taking place in aircraft design. The industry was, in its own words, engaged in

the ‘construction of a fundamentally different article’ which involved radical changes
in manufacturing methods and consequently in production costs. However, the
government was vehemently opposed to the general application of ‘cost-plus’ (or
‘time and line’, as it was known) because it had been associated with profiteering
during the First World War and because it actually gave contractors an incentive to
inflate their costs.®! It was felt that costing should be confined to small batches of
aircraft and used purely to negotiate fixed prices for the bulk of the contract.

The absence of any basis for a solution which served the interests of both
government and industry led to a protracted search for a third price formula which
was neither fixed price nor time and line. Sir Robert McLean of Vickers eventually
proposed a ‘maximum price’ scheme whereby the actual costs of early production
aircraft would be used to agree the price for the remainder of the contract. If costs
fell below the maximum price, the savings would be shared by the Air Ministry and
the contractor, but if the price was exceeded the loss would be born by the contractor
alone.®

Yet the inclusion of this third formula in the final draft of the McLintock
Agreement was chiefly a matter of politics rather than practicalities. The firms felt
that they could not reasonably be expected to bear any losses on contracts for new
types, and the agreement, which was drawn up in September, allowed production to
commence on a time and line basis pending the settlement of a fixed or maximum
price. When the SBAC accepted this provision, Swinton’s immediate reaction was
to do likewise, though he insisted that he would nor accept time and line if costs had

been deliberately inflated, and substituted the emotive phrase, ‘time and line’, with
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‘ascertained cost plus a profit’.® McLintock accepted these terms on the SBAC’s

behalf on 8 October.®

4, The Operation of the First McLintock Agreement

Any lasting contractual settlement had to benefit both state and industry. The first
McLintock Agreement benefited neither. ‘It is becoming increasingly clear that the
industry desire to drift indefinitely so that they may secure in effect time and line
contracts’, the Air Ministry’s Deputy Under-Secretary, Sir Henry Self, wrote in
October 1937. Apart from the political objections to this situation, there was also the
danger that contractors might inflate their costs. Yet the delays in price fixing were
also caused by the Air Ministry’s own costs and accounting procedures. There was,
in Self’s words, a ‘natural desire’ among the technical cost staff ‘to delay the
estimates until all practical danger of error is eliminated’.®S

Production problems associated with new types of aircraft exacerbated this
‘danger of error’. The Air Ministry’s Principal Technical Cost Officer reported, for
example, that it had been impossible to estimate labour costs on the Armstrong
Whitworth Whitley bomber because the firm ‘put in temporary piecework prices ...
which [only] covered the first period of production’. The prices had been modified
when tools became available and modified again when the tools were improved. In
the case of the Bristol Blenheim it was pointed out that there had been numerous
alterations to the design: ‘It was not until a very long way through this contract that

they even settled the wing design. We have, in fact, made two estimates on the
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greater portion of this machine because of the modifications to the design’. Of
another type, the Vickers Wellesley, it was stated that the geodetic design principle
was so novel that actual costs were to be paid for the first 96 aircraft.®

If this was unsatisfactory from the government’s viewpoint, it proved equally
objectionable to the industry. The firms preferred to fix prices before the
commencement of series production if at all possible because any subsequent fall in
costs then increased their profit margins. Indeed, despite the Air Ministry’s anxiety
about the excessive use of time and line, figures compiled by the SBAC indicate that
fixed prices were agreed for the majority of turnover in both 1937 and 1938.*” The
advantage for the industry is illustrated by the cost records for 500 Hampden bombers
produced by Handley Page between 1938 and 1940. In a fixed price deal negotiated
at the beginning of production the Air Ministry overestimated the cost of the first 180
aircraft by 2 per cent. For the remaining 320 aircraft the Air Ministry reduced its
estimate, but as Handley Page also lowered production costs the 2 per cent margin
was retained. Handley Page earned an extra £100,000, which was unacceptable from
the political standpoint; but the state did benefit from the higher output and more
efficient use of resources.®® Hence the fixed price provided some scope for a modus
vivendi between state and industry whereby improvements in efficiency benefited both
parties.

In contrast few gains were derived from time and line contracts. ‘I am of the
opinion’, wrote Supermarine’s contracts manager, ‘that ‘batch costing’ is to be
avoided as much as possible, as it discloses all sectional and component costs of the
machine, and invariably means that a lower standard of profit is admitted for both

machines and spares’.® Vickers was dismayed by the profit levels allowed on
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costed contracts. ‘We do not accept the view that in regard to the first [Wellesley]

contract a rate of profit of 7'4 per cent on our work is adequate remuneration’, the
company complained to the Air Ministry. ‘The rate of profit proposed by your
Department is not a fair one and we are only accepting it under protest.’*®

To the Air Ministry these lower rates seemed reasonable because of the
elimination of commercial risk to the contractor, but the firms felt that they were
paying twice for the added security. For the technical problems which led to the
employment of the time and line formula, with a lower profit allowance, also resulted
in a reduced volume of turnover and, correspondingly, of profit, during the financial
year.”! Between 1936 and 1937, when Rolls-Royce was introducing the Merlin, net
aero sales fell by 4.4 per cent and gross aero profits by 25 per cent, while share
capital was increased by 29 per cent.”? At Hawker delays with the Hurricane caused
turnover to fall from £1 million in 1936 to £730,000 in 1938, while net profits fell
by 23 per cent in the same period.”® In both 1935 and 1936 Vickers Aviation did
not receive any dividend from Supermarine, and problems with the Wellesley resulted
in a decline in the net profits of Vickers Aviation itself of 24 per cent between 1936
and 1937, in spite of substantial cash advances from the holding company.* The
average percentage of disclosed net profits to total capital and reserves in the aircraft
industry only increased from 13.6 to 16.8 between 1935 and 1938.%

The failure of the first McLintock Agreement must be viewed in this context.
In 1935 the SBAC had assured the Air Ministry that there would be no profiteering
from rearmament contracts, doubtless anticipating that the increased volume of
turnover would compensate for any percentage reduction in the customary profit

allowance. Yet turnover failed to expand at anything like the expected rate, and

-~
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much of the capital invested in the industry in this period did not fulfil its true

earning potential. This is illustrated by the fact that individual contractors like
Handley Page, who overcame their production problems,. generated a much higher
turnover than the remainder of the industry. According to a survey of fifteen aircraft
firms (covering non-government and government work) the average ratio of capital
to turnover in 1937 was 1:1.42, but the highest ratio was 1:3. The average rate of
profit on capital amounted to 18 per cent (a rate which proved irreducible in spite of
wartime controls) but the rate of profit on 6 per cent of the capital was again more
than double the average rate.® Had it not been for the technical problems
encountered by the industry in 1936 and 1937 it is clear that this average would have
been very much higher.

At the end of 1937 Sir Henry Self brought sufficient pressure to bear on both
the firms and his own costing staff to accelerate negotiations, and by April 1938
prices had been agreed for several new types, including the Blenheim and the
Battle.” Actual costs were paid for more aircraft than the government would have
wished during the early stages of rearmament, but the firms were generally eager to
agree fixed prices after their initial production problems had been overcome.”
However, the prolonged efforts to negotiate a third pricing formula were largely
wasted. Maximum prices were rarely employed because of the industry’s refusal to
accept any risk of loss on new types of aircraft and its aversion to sharing any savings
with the Air Ministry.

In the meantime, the Treasury Solicitor raised a number of legal objections to
the McLintock Agreement, and the Air Ministry was told by the Public Accounts

Committee that the terms should be revised so that they could be applied individually
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to the firms concerned. As the SBAC thought that an agreement had effectively been

finalised in 1936 it was initially baffled by this recommendation: ‘I do not understand
why either the Air Ministry or the Public Accounts Committee should think it
necessary to have a still further document’, Allen wrote to Handley Page.
The terms settled between McLintock and the Air Ministry
are recorded in correspondence and are summarised in Sir
William’s report to the Council of the SBAC ... The SBAC wrote
to the Air Ministry formally recording the Agreement entered into
on its behalf by McLintock; and the SBAC letter had attached to
it a list of Ordinary Members of the Society on whose behalf Sir
William McLintock was authorised to negotiate. I therefore
looked upon this phase of the matter as concluded and that no
further document was necessary.”
Negotiations were nevertheless resumed and again they centred on the question
of pricing methods. The Air Ministry attempted to make the third pricing formula -
now renamed the ‘basic price’ - more attractive to the industry, while demanding one
fundamental concession in return - the renunciation of the time and line clause in the
original agreement. This was achieved through the inclusion of a new clause
providing for arbitration when neither a fixed nor a basic price could be agreed.!®
The time and line clause was surrendered by the SBAC with some reluctance,
and further protracted negotiations might have been required had the society not
received informal notification that a new defence programme was shortly to be
initiated. For those firms which had largely been engaged in design and development

work since 1935 there was now the attractive prospect of straight-run production at

N
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fixed prices. Alternative methods of pricing would be unnecessary, and Air Ministry

contracts would become much more profitable. Hence, while the revised McLintock
Agreement initially seemed more favourable to the state from the political standpoint,
in reality it was excessively generous to the industry. ‘The more I look at the
McLintock arrangements’, Allen wrote to Handley Page in April 1938, ‘the more
convinced I am that McLintock really did his very best for us - and I think he did it

very well. 1%

e n Lintock Agreement

Between 1936 and 1938 protracted discussions had taken place in government circles
about the way in which the profit rate on aircraft contracts should be calculated. The
Air Ministry considered that profits would lose their incentive value unless computed
as a percentage of the cost of each contract, and this argument had prevailed.
Nevertheless, the Treasury consistently maintained that the industry’s earnings could
be more effectively limited by calculating profit as a yearly percentage of the capital
employed by the contractor. Superficially this was correct but it was also a charter

for inefficiency, as Frederick Handley Page pointed out in 1939:
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If a firm, because of efficient working in the past and

prudent methods of finance, has been able to build up a large

business with a small capital, they should not be penalised and

allowed because of their smaller capital a lesser rate of profit

than a firm whose inefficient methods and extravagant policy have

led them to the employment of a large volume of capital.'®

The logic of this contention was unanswerable. In 1937, for example,
Handley Page had assembled more bomber fuselages with one set of jigs than
Armstrong Whitworth had assembled with sixteen sets.® Yet under the Treasury
formula Armstrong Whitworth would have earned a larger profit. This was,
however, a difficult argument to employ against political criticism of aircraft profits.
The Treasury’s concern was that the statutory requirements of the period compelled
companies to publish in their annual reports dividends, profits and nominal capital,
but not sales. Charges of profiteering would therefore be based on the relationship
between profits and nominal capital, even when contractors were earning a relatively
small profit on turnover.'® The problem was exacerbated by the fact that the total
capital of most firms greatly exceeded their nominal capital. It did not necessarily
follow that a high rate of dividend on issued capital connoted an excessive profit, but
it was easy for Opposition MPs to claim that it did.'®

As already noted, technical constraints prevented much of the capital employed
in the aircraft industry from fulfilling its true earning potential between 1935 and
1938, but by the later months of 1938 the majority of firms had overcome their
production problems. Capital was being employed much more efficiently and was

realising profits on a scale which caused controversy in political circles. This did
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not, in itself, provide grounds for terminating the McLintock Agreement. Rather,
justification was provided by the government’s decision in 1938 to invest directly in
buildings and plant for aircraft production. Very little of this state capacity would
have become productive before 1939, but it would subsequently have allowed the
industry to earn an even higher return on its own capital.'® In February 1939 a
specially appointed Treasury committee therefore recommended that the McLintock
Agreement should be revised, and on 1 March Swinton’s successor at the Air
Ministry, Sir Kingsley Wood, duly advised the SBAC that the government intended
to negotiate a new agreement.'”

Official investigations into aircraft industry profits had revealed that the
highest earnings were being obtained from fixed price contracts.!® For the third
time, therefore, the Air Ministry attempted to devise an alternative pricing formula.
The i.ndustry was now advised that fixed prices would be negotiated only in
exceptional circumstances. Instead, actual costs would be paid for initial batches of
aircraft, after which ‘target’ prices would be used, with a fixed profit allowance
determined mainly by the amount of private and government capital employed. The
maximum rate of profit on turnover would be 5 per cent. If costs fell below the
target price the savings would again be shared between the government and the firms,
but if the target price was exceeded the contractor would bear the entire loss.!®

The industry’s response may best be summarised by Handley Page’s company
secretary:



326

On initial batches of a new type contract the maximum

of 5 per cent [profit] is not equitable. The change over of a

new contract usually involves a partial break in the flow of

production, and during such a period a higher ratio of profit

should be allowed as compensation ... Target costs will be

difficult to agree ... for the reason that cost data of the

previous batches will be available, and this new information,

together with estimates from [the Air Ministry’s] Cost Estimating

department, will place [its] Contracts Department in a more

favourable position when negotiating ... The result may well be

entire disagreement or minimum profit.''°
The industry also argued that profits should be related to turnover rather than capital,
and that fixed prices were preferable to target prices because they provided
contractors with a greater incentive to improve efficiency.!”! However, ‘most
members were of the opinion that there could be a reduction in the customary rate of
negotiated profit, provided that there were a more adequate protection in regard to
the future’. In return for a lower rate of profit the industry hoped to secure improved
depreciation allowances.!!?

No such concessions were forthcoming. There were, however, senior costing
staff at the Air Ministry who agreed with the contractors over the advantages of the
fixed price, so the ministry now agreed to retain fixed prices and to share any losses
on target price contracts. A new profit formula cut the ratio of profit to capital by
reducing the rate of profit on turnover as turnover increased. The greater the

difference between the industry’s receipts in 1936-38 and its receipts after 1 March



327
1939, the lower the rate of profit allowed from then on.!"

By this time the political objections to statutory economic controls had been
undermined by the worsening international situation, and the necessary legislation, the
Ministry of Supply Bill, was shortly to be presented to Parliament. In consequence
the SBAC came under intense pressure from the Air Ministry to accept the terms on
offer. To the industrialists, however, it seemed that the government had given very
little away. The new profit formula was objectionable because it implied that
production had been restricted between 1936 and 1938 by a shortage of industrial
capacity, and that output then expanded because of state capital investment. This was
not the case. In 1938 the Air Ministry had itself concluded that ample floor space
and machining capacity existed in the industry but that ‘gaps in production were really
caused by lack of design capacity’.’ In other words the constraints on the
industry’s turnover in the early rearmament years were largely of a technical nature,
and a greater output would not have been achieved simply by investing more capital.

The industry was particularly opposed to the application of the new formula
to payments received in 1939 - the year in which firms like Vickers and Supermarine
were expecting to recover substantial production costs incurred in 1937 and 1938.
The manager of Vickers-Armstrong’s aviation division, Alexander Dunbar, felt that
‘where the industry, out of its own resources, had extended its buildings, plant and
machinery, they were entitled to a normal rate of profit ... Thereafter there could be
a reduction’. It was nevertheless decided that the new sliding scale of profit offered
some scope for a settlement if somewhat higher rates of profit could be agreed.'!

McLintock therefore proposed a compromise sliding scale which was accepted

by Kingsley Wood on 24 May. In return the industry then sought longer-term
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safeguards which the Air Ministry went some way towards granting.!'* By the

middle of June the second agreement had been finalised. The most significant gain
for the industry concerned the commencement of the new arrangements which were
now to apply to contracts placed after March 1939 rather than to payments made after
that date.'” In other respects, however, the 1936-38 profit standard still favoured
the government.''®

At this stage the details were published of a new tax on profits, the
Armaments Profits Duty (APD), which was part of the Ministry of Supply Bill. APD
was to be levied on earnings in excess of a standard set by the profits of 1935-37.
The greater the difference between the profits earned in these years and the profits
earned after 1939, the greater the amount of profit subject to taxation. In other
words, the duty operated in a manner very similar to the profit formula contained in
the new McLintock Agreement.!'"’

The industry was not expecting the new agreement to be applied in addition
to the APD. When it became clear that they would be subject to the duty, the
contractors felt cheated and agreed that further concessions should be sought.'
The Air Ministry retorted, however, that the industry would make substantial gains
from the concessions already made, and that nothing further could be contemplated.

On 7 July McLintock therefore accepted the agreement on behalf of the SBAC.'?
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Th ration of the Second McLintock Agreement

The original McLintock Agreement, as revised in 1938, failed to serve the
government’s political interests because it enabled the aircraft industry to earn
excessive profits. The second agreement still allowed firms to realise relatively high
pre-tax profits on their own capital.'? Yet in combining the new agreement and
the APD the government came dangerously close to placing the political need to limit
profits before the military necessity of increasing production. For while the state
itself stood to gain from the operation of factories on commercial lines (because of
the incentive for increased efficiency) some companies now sought alternative forms
of remuneration. ‘It is apparent’, Dunbar wrote, ‘that considerable difficulty would
be experienced in arriving at either a fixed price or a target price which would be
mutually satisfactory.” He therefore suggested that the new Wellington factory at
Chester should be managed on an agency basis.'? Similar requests were made by
other contractors following the introduction of the Excess Profits Tax (EPT - a tax
on all businesses which replaced APD) in 1940.'"* The difficulty here was that by
eliminating the profit motive agency agreements also dispensed with the only practical
inducement for contractors to cut their costs.’” In order to make commercial
operation more attractive the EPT was adjusted in industry’s favour in 1941,1%
The decision to retain fixed prices and to moderate the impact of the EPT
finally allowed a workable pricing mechanism to emerge. The government remained
concerned about the level of pre-tax profits earned by the aircraft industry, but insofar
as high profits on capital resulted from very low profits on turnover it was difficult

to impose further restrictions. In 1940-41, for example, 19 leading aircraft firms
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received government profit allowances averaging just 4.4 per cent on turnover, which
allowed them to earn an average of 19.3 per cent on their capital.'”” Bombing,
factory dispersal, labour dilution and frequent design changes ensured that no
contractor in the industry would accept a lower rate on turnover. As one MAP
official remarked:
The aircraft firms are still anxious ... to secure fixed

price settlements; these give them a chance of reward for efficient

production ... Very naturally, however, they hesitate to accept

such settlements unless they believe that the price contains a

margin to insure them against the contingencies which affect

production at the present time.!?®

In short, low profit allowances could penalise some firms for production
problems which were not of their own making. Yet the general application of higher
rates could also allow others to realise excessive profits. This is again illustrated by
the figures for 1940-41. In this period the actual profits of the leading aircraft
contractors exceeded the government’s estimates by an average of 1.9 per cent on
turnover. However, in five cases actual profits were lower than the government
estimates, while in four others they were considerably higher.'® The shortcomings
of industry-wide contractual settlements were again laid bare and the second
McLintock Agreement was terminated in June 1941,

Attempts to secure a new agreement proved fruitless and were not pursued
with great conviction. Instead, the government’s profit estimates in fixed prices were
progressively reduced from an average rate on turnover of 4.4 per cent in 1941 to 2.9

per cent in 1944. In response, the majority of firms undercut the government’s
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estimates so earning an extra 2-3 per cent on turnover, or 5-6 per cent on capital.'*
High profits were therefore accompanied by significant manufacturing economies
which ultimately benefited the state.

There were two strong upward pressures on production costs during the war.
Firstly, as operational requirements became more and more exacting, aircraft became
heavier and more complex.!! Secondly, there was a steep rise in engineering
‘wages, average weekly earnings increasing by nearly 100 per cent between October
1938 and July 1944. And yet, according to one contemporary estimate, the average
price per pound (weight) of aircraft produced in Britain fell by about one-third
between 1938 and 1941.'*2 The labour and subcontract cost of the de Havilland
Mosquito fell from £6,000 in 1941 to £4,200 in 1945. The first production Lancaster
at A.V. Roe cost £22,000 but by 1944 the price had fallen to £15,500."® More
substantial reductions were recorded where day-work rather than piece-work was
employed. The cost of the Ford Merlin engine fell from £5,640 in June 1941 to
£2,484 in March 1942, and to £1,180 by the end of the war.’ The long-term

effectiveness of cost control in the aircraft industry is illustrated in table 36.
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Tab Indi f Air Production Pri 1938-44
Type Cumulative Price Index Cumulative Price Index
Delivery Delivery
Fighter 150 118 1,400 100 h
H Fighter 4,000 104 9,750 100
Bomber 150 109 2,300 100

Source: E. Mensforth, ‘Airframe Production’, Proceedings of the Institution of

Mechanical Engineers, 156 (1947), 38.
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7. _Conclusion

The step-by-step acceleration of rearmament between 1935 and 1939 gradually altered
the financial relationship between the government and the aircraft industry. For much
of the rearmament period the state was justified in expecting industry to play an
important part in financing its operations, and private investment was chiefly
responsible for funding both the enlargement of capacity and the expansion of
turnover between 1935 and 1939.

However, as the prospect of war became increasingly real, so the government
had to accept a more prominent role in financing aircraft production. New capacity
planned from the summer of 1938 onwards was largely paid for by the state and
managed on an agency basis, but as the volume of production increased, so also did
the government’s role in providing working capital to firms employed on commercial
contracts. Substantial sums were still financed by the private sector in the form of
bank loans and trade credit. But simultaneously, the state liberalised the progress
payment system, made special advances to the largest contractors, and apparently
tolerated the accumulation of very considerable arrears in the payment of EPT and
other taxes to the Inland Revenue.

The shift in the balance between state and private finance occurred relatively
painlessly; over-capitalisation would have benefited neither the government nor the
aircraft industry in the long term. In contrast, the search for a general contractual
agreement proved much more contentious. Such an agreement had necessarily to
serve the interests of both contracting parties. The McLintock Agreement did so to

the extent that it encouraged the industry to expand capacity and increase turnover so
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that it could meet the demands of the defence programme. In other respects,
however, the agreement was much less successful. Facing acute technical problems
and a slow-down in turnover, the industry insisted on a time and line provision which
was initially accepted by the Air Ministry and then rejected by the government as a
whole. The revision of the agreement in the spring of 1938 seemed for a time to
satisfy both state and industry, but the expansion of output ultimately enabled the
firms to earn profits which the government considered excessive, and the McLintock
Agreement was terminated as a result.

Yet although an acceptable contractual settlement proved elusive between 1936
and 1939, a relatively effective pricing formula was developed in the following two
years. This involved compromises on both sides. The industry was compelled to
accept lower profit allowances and a profits tax. The government continued to pay
fixed prices (which it had tried to abolish in 1939) and in 1941 reduced the severity
of the EPT. If contractors managed to undercut fixed prices they could expect to
retain a reasonable proportion of their earnings, but the resulting improvements in

productivity would benefit the war effort as a whole.
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CHAPTER 7

BRITISH AIRCRAFT PRODUCTION, 1939-41

Before the outbreak of war Air Ministry planning aimed to give Britain the capacity
to produce 2,000 aircraft per month by the end of 1941. On 22 September 1939,
however, the government approved a new monthly goal for the third year of
hostilities of 2,550 aircraft, which came to be known as the ‘Harrogate’ programme.'
This ambitious target was based on the assumption that under wartime conditions it
would be possible to accelerate output much more rapidly than in peacetime. Yet
there was much about wartime production that was very difficult to foresee. Was
there a sufficient balance between the different sectors of the aircraft industry to
sustain the projected rate of expansion? How much faster could labour be absorbed?
How soon would new capacity become productive? Moreover, the industry was on
the point of entering a new phase of technical instability. In September 1939 it was
impossible to predict how successful the future design programme would be, nor to
quantify the loss of production which would occur while new types were being
introduced.

In the event many of the pre-war assumptions were revised, and between
September 1939 and December 1941 Britain’s aircraft production plans were radically
altered. Quality was deliberately sacrificed to quantity during the Battle of Britain.
Practical experience proved the value of some aircraft and exposed the shortcomings
of others. Factories were bombed and dispersed at the end of 1940. The test of

wartime acceleration revealed imbalances and inefficiency within the industry which
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had to be corrected. Strategic aims were clarified; factory capacity and production

programmes had to be adjusted accordingly. This chapter examines how the pre-war
plans were adapted during the first two years of hostilities into a form better suited

to long-term wartime requirements.

1. Mobilisation Problems

The deliberations surrounding the Harrogate programme in September 1939 exposed
deep divisions within the aircraft industry. Some industrialists saw a definite role for
the SBAC in co-ordinating the programme on the basis of available statistics about
industrial capabilities, and believed that negotiations between the Air Ministry and
individual firms would simply lead to competitive promises which would prove
impossible to realise. Larger companies like Bristol and Hawker Siddeley preferred
individual negotiations with the Air Ministry.? So when they met Freeman on 18
October to consider the new programme the firms were unable to offer a clear agenda
for discussion.® It was argued by some that the plans were impossible to fulfil and
that they would provide no scope for flexibility if wartime requirements changed. ‘It
seems this programme cannot be carried out within the required time’, Fairey wrote,
‘and if the true facts were now known of what the output would be in say two years
time it is more than likely a different strategy would be adopted’.*

Yet the society could not agree on any proposals for improving the programme
as a whole.” As Handley Page commented: ‘The industry says it cannot carry out

the programme put up to it and leaves it to the Air Ministry to find a solution - a
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most deplorable situation for an industry which claims it knows its job and can advise
on the best way to get production.”® A few days later he reiterated this point to
Bruce-Gardner: ‘The situation in regard to the future is serious and calls for the
industry to help AMDP [Freeman] and DGP [Lemon] in the solution of their difficult
problem’.” Yet Bruce-Gardner supported Bristol and Hawker Siddeley, to the dismay
of Richard Fairey:

Again our well-meant efforts to stop this sort of thing and

to give instead constructive proposals as to how it could be

achieved look like being defeated by the fact that whereas some of

us take a certain view of it, Bristols would like to be left in

their parochial seclusion, and Spriggs still rather has his order

book in his mind.®

So negotiations on the Harrogate programme proceeded on an individual basis.
The Air Ministry clearly felt justified in setting very high production targets, for
output was expanding rapidly in 1939. Yet events were soon to substantiate the
scepticism of industrialists like Handley Page and Fairey.

The expansion of the airframe sector began to impose immense pressure on
the supply of materials and equipment. In September 1938 Lemon had calculated that
light alloy supplies would be sufficient for the programme.’ He assumed, however,
that available material would be evenly distributed between the contractors whereas,
until the outbreak of war, aluminium was sold in a piecemeal fashion which favoured
the earliest bidders. By July 1939 Lemon was warning that ‘the widening of the
airframe production front and the introduction of several hundreds of sub-contracting

firms have tied up part of the available supplies in transit, store and process, with
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adverse effect upon the nett amount in course of assembly.’!°

Thus, on the eve of hostilities, with much of the war potential capacity for
materials and equipment far from complete, serious deficiencies began to arise. In
July 1939 Lemon referred to ‘shortages of embodiment loan equipment [which] were
having an adverse effect on aircraft deliveries’.!! In September Spitfire production
was disrupted by a shortage of engine accessories, and Freeman had to intervene
personally to divert the necessary supplies to Supermarine.'? By January 1940 light
alloy extrusions had become the limiting factor, and in February the responsible
aluminium controller warned that in the following months ‘the supply of extrusions
would barely satisfy demands’.”® The Air Ministry had assumed that production
would accelerate following the outbreak of war. Labour intake and working hours
were both expected to increase, factories would operate a two-shift system and
subcontracting would be extended.* In reality the extrusion problem imposed such
severe restrictions that between January and March 1940 the labour intake nearly
came to a standstill.'’’ In January Lemon remarked that the existing workforce was
not working at full pressure because of material shortages, and some machine tools
were also idle. By February these deficiencies ‘were unfortunately causing a
temporary cessation of employment for certain operatives. '

For several other reasons aircraft deliveries did not live up to expectations.
The call-up of reservists disrupted output. Vickers, for example, lost 8 per cent of
their personnel to the armed services.!” Several factories were changing over to new
types of aircraft, which inevitably involved some temporary loss of production.'®
There were fewer working days in December because of the Christmas break.

Adverse weather conditions held up flight trials during February, and an outbreak of

-
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influenza caused high absenteeism throughout the industry.'* Most of all, however,
the RAF began to find itself short of spare parts, so the aircraft industry was directed
to increase spares production, if necessary by sacrificing the output of complete
aircraft.” The result is illustrated by a comparison of actual aircraft deliveries with
the Air Ministry’s predictions for a war commencing in October 1939, and with the

Harrogate programme (see table 37).
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Table 37. Comparison of Aircraft Production Programmes and Deliveries

October 1939-April 1940

War Potential Harrogate Actual

Programme Programme Deliveries
October 1939 748
November 795
December 1,178 600
January 1940 977 802
February 1,001 719
March 1,413 1,137 860
April 1,256

1,081 "

Source: M. Postan, British War Production, 473-4, 484.
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Although output increased significantly by comparison with the first half of

1939, the ministry was unable to meet its initial wartime targets, and as a result it
found itself facing mounting political criticism.? The Select Committee on National
Expenditure interested itself in individual projects, like the Castle Bromwich Spitfire
factory.? The firms themselves became restive as efforts to improve deliveries were
frustrated by circumstances beyond their control.? And successive Cabinet
discussions of Germany’s superiority in first-line air strength confirmed the opinions
of the First Lord of the Admiralty and future Prime Minister, Winston Churchill, that
the Air Ministry’s production branch was characterised by ‘muddle and scandal’.”*
At the beginning of April 1940 Lemon was replaced by the managing director
of Vickers-Armstrong, Sir Charles Craven, who became Civil Member of the Air
Council for Development and Production as Freeman’s equal. This new arrangement
had only existed for a month, however, when Chamberlain’s administration collapsed
and Churchill’s coalition came into being. Between March and May 1940 the aircraft
industry’s output had increased by nearly 50 per cent, but this could not dispel the
new premier’s conviction that the existing Air Ministry organisation was incompetent,
that aircraft were so complex that a special department was required to administer
their production, and that such a department could not remain under the control of
the Air Ministry without overwhelming the latter’s military functions.” On 17 May,
therefore, the Air Ministry relinquished its jurisdiction over the Department of
Development and Production, and the Ministry of Aircraft Production was formed

under Lord Beaverbrook.
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2. The Aircraft Programme Transformed

On the outbreak of war extensive group production arrangements were being made
for three heavy bombers, the Stirling, Halifax and Manchester, and capacity for two
established medium bombers, the Wellington and the Hampden, was being enlarged.
In the fighter sphere, the RAF was dependent on the Spitfire and the Hurricane for
the immediate future, but planning for 1941 was chiefly focused on Hawker’s
Typhoon. It was anticipated that the Short Sunderland flying boat would soon be
replaced by the Saunders-Roe Lerwick (although no major industrial commitment to
the latter aircraft had been made), the Blackburn Botha was to fulfil Coastal
Command’s requirements for a torpedo-bomber, and the Fleet Air Arm had selected
the Fairey Albacore as a successor to the Swordfish torpedo-bomber and the
Blackburn Skua as a naval fighter.

The production plans were, however, substantially revised during the
following two years, for the official development programme was dogged by technical
problems. The development time-tables for the Hawker Typhoon and for its Sabre
engine were underestimated, and when the aircraft entered service it proved inferior
to the latest marks of Spitfire. The Sabre’s shortcomings caused such insuperable
production difficulties that the resources of the new Liverpool factory were never
very efficiently employed, but the Typhoon was eventually produced at Gloster
throughout the war after a ground attack version of the aircraft proved highly
effective.?®

The Typhoon represented a small industrial commitment in comparison to

aircraft like the Spitfire. Far greater was the industrial cost of the failure of the
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Stirling bomber. The Air Ministry had always taken the view that at least one of the

new four-engined types was likely to fail, and that resources would then have to be
concentrated on the more successful designs.” But in the meantime three factories
were allocated to the Stirling, and when its technical deficiencies became clear these
were only transferred to other types with great difficulty.?

The worst failures of all, however, were coastal and naval aircraft, like the
Lerwick and the Skua. The Lerwick’s weaknesses were only disclosed after Short
Brothers had dismantled the Sunderland’s jigs, and as a result production of Britain’s
only long-range flying boat was severely restricted for much of 1940. Similarly the
Fairey Albacore proved obsolescent on its entry into service, and plans to replace the
Swordfish had to be shelved.” Indeed, manufacturing arrangements were made for
a number of coastal and naval designs which proved of limited operational value.
Production runs tended to be short and uneconomic, and long delays subsequently
occurred while resources were transferred elsewhere.

These failures have often been blamed enti;ely on the aircraft firms.»* No
doubt the potential for failure was increased when major contracts were allocated to
companies with limited design and production experience, like Short and Napier, but
several other factors were involved. Firstly, it was not generally appreciated that
piston-engined aircraft were nearing the end of their economical development. Each
new design to appear in the 1930s had offered a significant improvement in
performance over existing aircraft and it was mistakenly expected that these advances
would continue. Secondly, as already noted, the task of developing successful models
was complicated by the requirements of official specifications. For example, the Air

Ministry had originally demanded that the Stirling should be capable of being
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launched by catapult, and the necessary strengthening of the airframe added

considerably to its weight, thereby reducing its performance.” Moreover,
limitations had been imposed on the aircraft’s wingspan .by the size of RAF aircraft
hangars in the mid-1930s.3

In the naval sphere official requirements were particularly exacting, and the
Admiralty’s technical capabilities left much to be desired. As late as 1937 the
Admiralty selected a biplane rather than a monoplane as a replacement for the Fairey
Swordfish. Throughout the rearmament year's it failed to recognise the potential for
converting single-seater land fighters into fleet fighters. In 1939 Admiralty fighter
specifications still embodied two-seater cockpits, and the crucial importance of high
performance in fleet fighters was only acknowledged after the commencement of
hostilities. Small wonder, then, that such confused specifications as ‘torpedo-spotter-
reconnaissance’ or ‘fighter-dive-bomber’ rarely produced aeroplanes of very great
operational utility. Indeed, they provide the best illustrations of how a multiplicity
of service requirements prepared by the military on the basis of what seemed
operationally desirable (rather than technically feasible) invariably reduced the
ultimate quality of aircraft design.*

It was, in fact, the reversal of the established procurement procedures which
produced some of the best wartime aircraft; for designs originating within the industry
gave highest priority to technical considerations, and were often based only on
general ideas about operational requirements. If the basic airframe was successful it
could usually be adapted for specific operational roles. The state had a responsibility
for promoting design through the issue of specifications, but it was by no means blind

to the potential of designs proposed by the industry, and it had supported many such
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projects in the 1930s.%

The success of this approach continued during the war, further confounding
the expectations of the pre-war planners. For example, while Bristol’s Hercules-
engined Beaufighter was built to fulfil a known Air Staff requirement for a cannon
fighter, it was not the product of an official specification.’® While design and
development were in progress the RAF became increasingly interested in the aircraft’s
potential.  Successive schemes were approved for night-fighting and Coastal
Command Beaufighters, a Merlin-engined version was developed, and a group
production organisation established involving Bristol’s Filton factory, one of Fairey’s
Stockport works and a new assembly factory at Weston-Super-Mare which relied
almost entirely on subcontractors for manufacturing and sub-assembly work.%

The history of the de Havilland Mosquito was in many respects similar.
Faced with the prospect of building another firm’s design, de Havilland resurrected
an idea (current in the Air Ministry for some years) for a fast day bomber, as an
alternative to heavy night bombers like the Halifax and the Stirling. The Air Ministry
initially expressed some scepticism and only accepted the Mosquito when early
wartime experience demonstrated the need for a high-speed photographic
reconnaissance aircraft. As with the Beaufighter, the true qualities of the Mosquito
only became clear later on. By July 1941 orders had been placed for bomber, fighter
and reconnaissance versions, and in October a group production scheme was
established involving the Standard Motor Company, a Canadian factory and a de
Havilland assembly plant at Watford which was supplied with parts by the furniture
industry.

A.V. Roe’s Lancaster bomber also owed as much to the engineering ability
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of the industry as to a centralised state bomber development programme. The first

change from the aircraft’s original P13/36 specification came in 1937 when pressure
from Rolls-Royce resuited in one of the two prototypes being modified to take four
Merlin engines rather than two Vultures. On this occasion A.V. Roe rejected
proposals that its prototype should be redesigned, and Handley Page reluctantly
agreed to undertake the additional work instead.® By the summer of 1939,
however, Roe’s chief designer had concluded that the twin-engined model, now
known as the Manchester, was likely to fail, and a ‘Manchester mark 2’, equipped
with four Merlins, was therefore given priority status in the company’s drawing
office. When, in the following July, the MAP suggested cancelling the Manchester
and concentrating instead on the Halifax, A.V. Roe offered the Manchester 2 as an
alternative. By this time most of the new design was complete. It was attractive to
the MAP because it involved no new technical risks. But the decisive factor was its
capacity to use many of the jigs and tools which had already been ordered for the
Manchester. This alone saved the government £1.7 million.*!

Each of these aircraft was brought into production with remarkable speed
despite mounting service requirements which often complicated the task of production
planning. The Beaufighter entered service just eighteen months after the Air Ministry
gave its support to the project. Its adaptation for Coastal Command involved 60
modifications and the manufacture of 3,000 new parts, but the work was completed
in a matter of weeks.”? de Havilland faced similar problems chiefly because of the
Air Staff’s inability to decide how many of each Mosquito variant it required. Parts
of the aircraft had to be redesigned and jigs modified, yet deliveries began less than

two years after the inception of the design.® In the case of the Manchester 2
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(renamed the Lancaster) preparations were so advanced by the time the project was
approved that a prototype was built in just six months. A production order was
placed in November 1940, and the first aircraft delivered in October 1941.%

The fighter development programme also refused to conform to the official
plans. Purely on the basis of verbal instructions from Freeman, Supermarine
continued their work on the Griffon Spitfire,* though official priority had been
given to the Typhoon. In the meantime the power of the Rolls-Royce Merlin was
significantly raised by a highly successful programme of supercharger development,
and the prospects for improving the performance of the Spitfire were thus
considerably extended.** So in July 1940 Ernest Hives urged Freeman to give a
greater commitment to the Spitfire 3, which was powered by the new two-speed
supercharged Merlin 20, and in October Hives tackled Beaverbrook. ‘Anyone’, he
wrote, ‘who suggests that Typhoons are going to make any material contribution to
the Battle next year does not know what he is talking about.’*’

There were three problems. Firstly, the entire projected output of the Merlin
20 had been allocated to other types of aircraft, like the Hurricane and the
Beaufighter, which would benefit more from the increased power.® Secondly,
Supermarine had not pressed forward with the development of the Spitfire 3 airframe,
having been informed by the MAP that sufficient Merlin 20s were unavailable.*
Thirdly, to install the Merlin 20 into the Spitfire the airframe had to be extensively
modified, and this was certain to disrupt production.*®

Nevertheless, at the end of 1940 the MAP finally realised that the Typhoon
would not appear in quantity during 1941 and that an improved Spitfire would have

to be introduced instead. So Rolls-Royce rapidly applied their new supercharger to
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a single-speed engine to produce the Merlin 45, which could be installed with relative

ease into the Spitfire. The new combination, designated the Spitfire mark 5, was
proposed in December 1940, and deliveries started in March 1941.%!

The Spitfire 5 was less effective at low altitudes than the Spitfire 3 because
it was powered by a single-speed, rather than a two-speed engine, and this was to
prove a serious disadvantage when the German Fw. 190 fighter appeared in
September 1941.% By that time, however, bombers were receiving top priority for
all available Merlin 20s. It was not until July 1942 that the introduction of the Merlin
61, with its two-stage supercharger and intercooler, enabled the Spitfire to match the
performance of the Fw. 190.” Although, in the meantime, the best German fighters
proved superior to their British counterparts, Germany’s advantage would have been
greater still without the high degree of flexibility exhibited by firms like Rolls-Royce
and Supermarine.

By 1941, then, the aircraft programme differed considerably from that
envisaged by the pre-war planners. The Spitfire remained at the forefront of fighter
technology; the Manchester was in the process of being succeeded by the Lancaster;
three factories had been allocated to the Beaufighter, which did not feature
prominently in the Air Ministry’s calculations until the outbreak of war; and group
production arrangements were being made for the new de Havilland Mosquito. The
basis for all these developments was the Merlin engine, the potential performance of

which was unrecognised in official circles until 1940.
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Th of Britain; Emergency Measures

1) _The Minis f Aircraft Pr ion

With the creation of the MAP aircraft production gained an independent political
voice which it had hitherto lacked; without it many of the emergency measures
implemented in the following months would have been impossible. Moreover, the
MAP’s status as an autonomous department allowed the resource requirements of the
aircraft programme to be more effectively coordinated with the government’s overall
industrial and strategic plans.* Yet some time passed before a stable administrative
structure evolved within the new ministry. Indeed, between July 1940 and 1941 the
MAP was reorganised three times. The RAF’s influence over production declined.
The Supply Committee was renamed the Supply Board and the chair given to Sir
Charles Craven. By October only one seat was occupied by an Air Ministry
representative, the Director General of Equipment, and the committee’s functions had
been restricted to the provision of additional factory capacity. Production questions
were dealt with on an informal ad hoc basis by Beaverbrook’s senior staff. After
May 1940 airframe, aero-engine and material production was supervised by Patrick
Hennessy of Ford, while armaments, equipment and factory construction again went
to Craven. The activities of RAF officers like Freeman and Tedder were confined
to research and development.*

Freeman, Tedder and Craven left the ministry in the winter of 1940, after
which the former Vickers manager, Trevor Westbrook, assisted Hennessy with

production matters.®® No formal body was established to supervise the MAP’s
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affairs until Beaverbrook was replaced by Moore-Brabazon in May 1941, when an

Aircraft Supply Council came into being comprising the leading production, research
and development, financial and North American supply staff.’’ Craven returned to
become Controller General, with responsibility for production matters, and a
Controller of Research and Development was appointed in place of the former
DGRD. Overall responsibility for production and research and development remained
divided until Freeman returned to the MAP as Chief Executive in October 1942,
During the emergency of 1940 many of the formal procedures employed by
the Air Ministry’s Department of Development and Production were abandoned;
Beaverbrook’s administration was characterised by informality, spontaneity, and
improvisation.®® Such an approach may have been necessary in the summer of
1940, but it could not have continued indefinitely without jeopardising the efficiency
of the ministry. As it was, certain aspects of MAP policy may, with hindsight, be
seen as regressive. For example, while the ministry continued to gather information
about productivity and was, indeed, quite capable of acting on such information, there
was no longer any formal production research of the sort commissioned by Lemon.%
Moreover, the programming organisation created by the Air Ministry was severely
weakened. Under pressure from Beaverbrook and Hennessy the industrialists
committed themselves to unrealistically high output targets. There was insufficient
co-ordination between the different production directorates. Decisions were taken in
a vacuum, and this led to confusion not only within the ministry, but in the aircraft
industry t00.% The picture painted by Vickers-Armstrong’s commercial manager

was typical:
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An investigation into several “instructions to proceed"

received from the Ministry discloses that as a result of

amendments to programmes made from time to time, we have

reached a position where we cannot be certain of the total

number of ‘Wellingtons’ of each Mark which we are expected

to build.®

Rolls-Royce had even less faith in the official programmes. ‘Everyone
knows’, Hives told Hennessy, ‘that the ... provisioning programmes ... don’t mean
anything. We take no notice of them’.% Between November 1940 and February
1941 Rolls-Royce submitted four separate forecasts of Merlin deliveries for the first
6 months of 1941, starting at 7,208 and falling to 5,406.%

By July 1941 the weakness of the programming section had become so serious
that the MAP commissioned an inquiry by John Jewkes, a professor of economics
then working for the Cabinet Office, and in November Jewkes made a number of
recommendations which resulted in his appointment as head of a new Directorate of
Statistics and Programmes.*# He made his principal objective the improvement of
co-ordination between the different sectors of the aircraft industry. When his
directorate was established there existed just one official programme for complete
« aircraft, but within a year programmes had been drawn up for propellers,
carburettors, magnetos, guns, turrets, and bombs, and additional programmes for
constant speed units, propeller blades, power plants, undercarriages, and raw
materials were being prepared.®

Most important of all, however, was Jewkes’ recognition of the key role of

aero-engines, and particularly the Merlin engine, in the aircraft programme. ‘The
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engine programme should lie at the very centre of all our planning’, he wrote:
Everything else must run from our views as to how many

engines we are likely to produce. I take this view because the

supply of engines is less flexible than the supply of other

equipment; capacity for engines is more difficult to expand and

the problems of finding skilled labour and critical machine tools

greater than in the case of other equipment.%

This was a marked departure from the policy of the pre-war period. While
new aircraft were still under development aero-engines had occupied a secondary
position in state planning. Jewkes now assumed, rightly, that the war would be
fought with aircraft already in production, and that the RAF would rely chiefly on up-
rated aero-engines, rather than new aircraft, to maintain operational efficiency. Yet
this also implied that aircraft and engines would have to be continuously improved
and, as one former programmer recently recalled, ‘nothing was more destructive of
the rhythm of production than interruption of the line to introduce some
modification’. Moreover, there was a universal tendency to underestimate the loss
of production involved.” So while the new directorate clearly made a vitally
important contribution to co-ordinating the different sectors of the aircraft industry,
the programmes themselves invariably proved unrealistic and successive reductions
took place throughout the war. It is unlikely that the gap between production and
programme could have been eliminated without qualitative sacrifices far greater than

the RAF was ever prepared to accept.
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(ii) Production Policy

On the day Churchill’s administration was formed, 12 May 1940, Freeman made
several proposals for accelerating aircraft production. He advised that the
introduction of the new heavy bombers should be delayed and that instead the firms
should continue to produce established designs.® Subsequent discussions between
the MAP and the Air Staff resulted in a decision to concentrate all efforts on the
production of the Wellington, Whitley, Blenheim, Hurricane and Spitfire, ‘at the
expense of the new big bombers’.%

Faced with the ‘Harrogate’ production targets the industry had been gradually
building up a cushion of work in progress with the aim of avoiding hold-ups,
increasing production month by month and then sustaining output at the required
level. The process involved a time-cycle averaging six months between the
production of the necessary materials and the delivery of finished aircraft. At any
given time, however, this cushion, and hence the time-cycle, could be temporarily
reduced and output increased through the application of emergency measures such as
longer working hours, special transport arrangements, the requisition of spare parts
from the squadrons, the reduction of spares manufacture in favour of that of complete
aircraft, and the utilisation of stocks of raw materials. This was the policy now
adopted by the aircraft industry with the MAP’s assistance.

In December 1939, for example, the Air Ministry had instructed the industry
to devote 15-20 per cent of output to spare parts.’” But during the Battle of Britain
spares production averaged less than 6 per cent of complete aircraft production.”

The need for an immediate increase in output came to outweigh all other
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considerations. The aircraft industry was given absolute priority over the other
munitions sectors for skilled labour. More and more subcontractors were pressed into
service.” New and second-hand machine tools were diverted to priority aircraft
contractors from RAF depots, Army Technical Training Schools, lower priority MAP
factories and from supplies which had been destined for France.” The equipment
of new factories was deliberately postponed so that additional machine tools could be
allocated to factories building the most important five types. 468 machines were, for
example, transferred from the Hercules engine shadow factories to help increase the
weekly output of Mercury and Pegasus engines from 150 to 200.7

The short-term effectiveness of such measures is illustrated by the fact that
throughout the war the time cycle between the production of aluminium and the
delivery of finished aircraft was never shorter than during the Battle of Britain. The
MAP’s director of materials production wrote later that ‘the normal fabrication
periods were telescoped to a quite remarkable degree and the material flew a very
short time after it was delivered to the constructor’.” However, the MAP was
fortunate in that the new capacity planned by the Air Ministry between 1938 and 1940
was coming into operation. The impact of the Air Ministry plans on light alloy

production during 1940 is illustrated in table 38.
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British Light Alloy Pr

tion (tons

1939-4

Light Alloy November 1939 October 1940

Sheet and Strip 2,200 4,850

Extrusions 1,739 2,975

Castings 2,330 2,852

Forgings 400 508 |

Source: PRO AVIA 10/178
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Alongside the emergency measures the new ministry had sometimes to
intervene directly in the management of particular factories. Later urgent
requirements for heavy bomber and Fleet Air Arm types during 1942 led the
government to reorganise several firms. In 1940, however, requirements were
principally for fighters, and while the most important factories succeeded in achieving
the required increase in output, there was clearly considerable scope for accelerating
Spitfire production, not least from the much-delayed Castle Bromwich factory, which
was then under the management of the Nuffield organisation.

In November 1939 Vickers-Armstrong had been asked by the Air Ministry to
increase Spitfire output from 50 to 100 per month. Arrangements were niade to
duplicate the production of sub-contracted parts, and deliveries from the new suppliers
commenced during the first months of 1940.7 But capacity which could have been
used for Spitfire production at Southampton was still allocated to the Walrus seaplane
in spite of the company’s recommendations that Walrus production should be
transferred elsewhere.”  Only on Beaverbrook’s instructions was seaplane
manufacture finally switched to Saunders-Roe.” Yet far more capacity for Spitfire
production existed at Castle Bromwich. On 20 May, no doubt acting on Craven’s
advice, Beaverbrook instructed Vickers-Armstrong to take over control of the factory
from Nuffield.”

Vickers found that tooling at Castle Bromwich was still incomplete, and in
order to accelerate production many machined parts had to be made by precision
methods, for which there was neither plant nor personnel. The factory was also
deficient in plant for the distribution of stores, and the system for progressing work

through the machine department had completely broken down. So great were the
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problems that Vickers-Armstrong eventually asked the equipment manufacturers,
Joseph Lucas, to reorganise progress control in the machine department, and by July
this section was operating efficiently.* In the meantime, Vickers dealt with the
factory’s other bottlenecks. Inadequate provision had been made for wing assembly,
so 24 additional jigs were ordered for this purpose.®! It was also found that the
system of production control was vulnerable to abuse by the work-force.> The
factory therefore adopted a new system which was already used in the Vickers-
Armstrong group, and experienced staff were loaned to Castle Bromwich from the
company’s other factories to help with its introduction.®® It may be that by the time
Vickers-Armstrong assumed control of Castle Bromwich the factory had overcome
many of its early problems. Nevertheless, output increased significantly following
the take-over, and the factory made a crucial contribution to Spitfire production after
the bombing and dispersal of Supermarine later in 1940 (see table 39).

The supply of aircraft was further augmented by the repairs organisation.
Repaired aircraft accounted for nearly 40 per cent of all Spitfires and Hurricanes
reaching the RAF during August and September 1940.% The situation here was
somewhat similar to that at the Castle Bromwich factory, for while the repairs
organisation had been created by the Air Ministry between 1938 and 1940, it was
operating far below its true capacity at the time of the MAP’s formation.
Responsibility for repairs was subsequently assumed by the new ministry, control of
repairs reorganised, and the repairs organisation enlarged. The results are illustrated
in table 40. If few of the emergency measures implemented by Beaverbrook’s regime
brought long-term benefits to British aircraft production, the expansion of the repair

organisation is the most significant exception. Between 1940 and 1945 79,000
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repaired aircraft were delivered to the Metropolitan Air Force. This represented 48

per cent of total MAF deliveries.

The production figures show that the combination of the Air Ministry’s plans
and Beaverbrook’s emergency measures helped to stimulate a remarkable acceleration
during the summer of 1940. Britain produced more than twice as many single-
engined fighters as Germany during the Battle of Britain, and in the year as a whole

out-produced Germany by 50 per cent.® Yet contrary to Beaverbrook’s expectations

this rate of expansion could not be sustained indefinitely (see tables 41 and 42).

,!.t\
Indeed, 1941 was a particularly difficult year for British aircraft production.
T: itfire Deliveries, April-D r 194
2nd Quarter 3rd Quarter 4th Quarter "
Southampton 77 121 59
uCaﬂe Bromwich | 33 39 76 -

Source: PRO AVIA 10/311.
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Table 41. British Aircraft Deliveries, 1940-41

Aircraft

Structure Weight

(m. Ib)

2381 8.9

2nd 4865 20.9
3rd 5376 23.5
4th 5338 24.1

Source: Statistical Digest of the War, 152.
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Source: Statistical Digest of the War, 155.

le 42, British Aero-engine Deliveries, 1940-41
Year - Quarter m Thousand
Horsepower
1940 Ist 3,940 2,555
I 2nd 6,644 4,619
3rd 7,162 5,205
4th 6,328 5,019
1941 Ist 7,271 5,963
2nd 8,441 6,901
3rd 9,603 8,273
4th 11,236 10,279
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4, 1940-41: The Limitations of Emergency Measures

In the summer of 1939 the Air Ministry had foreseen that production of finished
aircraft would fall during the later months of 1940 because the structure weight of
airframes and the horse-power of aero-engines were both scheduled to increase.®
But several other factors were involved. Stocks of materials used during the
emergency were exhausted; fears over fatigue led to a reduction of working hours;
and German bombing caused a temporary loss of output at some factories. On 26
September Supermarine was attacked, and although direct damage was confined to
buildings and work in progress, the continuity of production was severely upset.”’

In the months following the raid the number of workers at Supermarine was
reduced from 3,660 to 3,079, many of whom were employed on salvage operations,
and great difficulty was subsequently encountered in transferring skilled men to new
factories.® The attack and its repercussions virtually halved Supermarine’s output
between September 1940 and March 1941.% Vickers-Armstrong (Weybridge) lost
‘a considerable number of workpeople’ because of bombing, and there was a
temporary cessation of the nightshift and a reduction of overtime.”*® The threat of
bombing also undermined labour morale. In August 1940 the Castle Bromwich
management estimated that the night-shift was ‘not working to more than 50%-60%
of dayshift efficiency’ because of the workers’ fear of air attack.”

In response Beaverbrook adopted a general policy of factory dispersal, and by
December 1941 dispersal factories accounted for 23 per cent of the airframe
industry’s productive floor space.” Dispersal rendered the industry virtually

immune to air attack, but it imposed its own constraints on production. The
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managerial consequences were noted in chapter 5. But dispersal also increased the

ratio of non-productive to productive workers so adding considerably to overall labour
requirements. At Vickers-Armstrong’s Weybridge factory, for example, the total
labour force increased by 67 per cent between 1940 and 1943, but in the same period
the productive labour force increased by only 35 per cent.*

Dispersal compounded the difficulties of integrating the subcontracting
network, and subcontracting capacity had necessarily to become more self-contained,
which added to machine tool requirements for ‘balancing’ purposes.* The cost of
new fixed capital for dispersal was £11 million, or the equivalent of total Air Ministry
capital sanctions on shadow factories between March 1936 and December 1938.%
But the overall cost in terms of both capital and production was even higher, for the
policy of duplicating sources of component supply (as an insurance in case one source
was bombed) imposed an enormous burden on the small tool industry and increased
the tendency of individual subcontractors to accept work on several different types of
aircraft. This led to inefficient use of labour and plant.*

Output was then reduced further by the transfer of resources to new aircraft
like the Mosquito, and to new variants like the Spitfire 5. ‘These changes were
particularly unfortunate’, Supermarine’s manager wrote in March 1941, ‘as they
occurred at the time when production was just recovering from the dispersal’.”’ The
introduction of new types, deliberately postponed in May 1940, could not be delayed
indefinitely without wasting capacity and jeopardising the fighting efficiency of the
RAF. The most important cases, accounting for more than 50 per cent of airframe

floor space in December 1941, are listed in table 43.
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Table 43. Factories Introducing New T f Aircraft, 1941-42

Firm Change From m—\——'
Austin Battle Stirling l
Short Sunderland Stirling
Short Harland Hereford Stirling
|
{l A.V. Roe Blenheim Lancaster i
Armstrong Whitworth Whitley Lancaster
Handley Page Hampden Halifax L
|
English Electric Hampden Halifax “
Rootes Blenheim Halifax
de Havilland Various Mosquito ll
Bristol Blenheim Beaufighter
Gloster Hurricane Typhoon
Westland Lysander Spitfire

Source: PRO AVIA 10/311.
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Finally, new factories took longer to enter production than initially expected.

As had been the case between 1936 and 1938, technical problems delayed the
introduction of some new types, but there were also shortages of particular industrial
resources, such as machine tools. By 1940 the international demand for machinery
was so far in excess of capacity that most factory buildings were completed before
they could be equipped with the necessary plant.”® In June 1941 13,000 machine
tools ordered by the MAP had yet to be delivered, and another 12,000 were installed
but idle for lack of equipment.® An internal report on Rolls-Royce’s Glasgow
factory stated that ‘the general machining sections require the greatest assistance as
regards machining capacity and are, until more machine tools are delivered, the
factors limiting any further substantial increase in engine output.” The result was a
shortfall of about fifteen engines per week.!™® Identical problems occurred in the
Hercules engine factories. ‘Owing to the general high demand for machine tools
some departure had to be made from the optimum of flow production by carrying out
more than one operation on one machine’. Full ‘flow production’ was introduced
later. !

During 1941 these bottlenecks reduced deliveries of equipment, components
and materials to the aircraft firms and frustrated their efforts to increase production.
Absolute deficiencies were, however, less of a problem than maldistribution, which
in turn resulted from the Air Ministry’s decision to duplicate sources of component
supply as a strategic precaution. Thus in May 1941 Fairey was short of a particular
part for the Beaufighter which was in abundant supply at the two Bristol

factories. '
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Ex ion ew

So there were limits to the effectiveness of the emergency measures introduced by
Beaverbrook in 1940. Nevertheless, factories sanctioned by the Air Ministry during
the last year of rearmament did finally enter production during 1940 and 1941. The
first deliveries were made by the new aero-engine factories, new Vickers-Armstrong
and Bristol airframe assembly plants, Fairey’s second Stockport works and A.V.
Roe’s ‘daughter’, Metropolitan-Vickers. The Castle Bromwich Spitfire factory began
to fulfil its true potential, and the Ford shadow factory also produced its first Merlin
engines at the end of 1941. Thus a new generation of combat aircraft entered
service, including such designs as the Lancaster, Halifax and Mosquito. The MAP’s
production index, which had fallen from 731 in August 1940 to 527 in January 1941,
recovered in the following months and reached 1,000 in January 1942.'®
Throughout this period new capital investment programmes were continuously
being sanctioned. Between December 1939 and August 1941 the state capital
commitment to all air orders increased from £102 million to £198 million. The bulk
of this expenditure was still absorbed by airframes and aero-engines, but more and
more capacity was sanctioned for airframe components and equipment.!® New
subcontracting networks were established and new factories and extensions approved
for items like carburettors, magnetos, propellers, and turrets, which had all featured
to a greater or lesser extent in the pre-war plans; but the state also became more
actively involved in providing capacity for undercarriages, radio, radar and
equipment, the demand for which had previously been underestimated.'®

Greater provision was also made for aluminium production. The bauxite
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resources of British Guiana, the Gold Coast and the Dutch East Indies were tapped,

production from British Guiana alone rising from 12,000 tons in 1939 to 68,000 tons
in 1941. This was increasingly used to supply the Canadian virgin aluminium
industry as the additional capacity sanctioned on the outbreak of war became
productive. Meanwhile, projections for light alloy requirements in 1941 indicated a
demand for 190,000 tons against anticipated United Kingdom production and imports
of 160,000 tons, so further plans to create additional capacity were initiated, and by
November 1940 no fewer than 42 different projects were in progress.'®

Output eventually exceeded expectations, chiefly because of improvements in
the technical efficiency of the producing firms and the rationalisation of production.
In 1941 Beaverbrook’s priority system of material allocation was abandoned and a
reorganised Directorate of Materials Production introduced a more effective system
based on the fabrication cycles of the aircraft required by the MAP programme.
Orders were apportioned so that producers could specialise on particular types and
sizes of material, and efforts continued to persuade aircraft designers to use materials
which were in plentiful supply.!” A.V. Roe replaced 66 per cent of the
Lancaster’s extruded alloy sections with rolled and drawn sections.!®

The capital schemes inaugurated between 1939 and 1941 did not bring the
expansion of the aircraft industry to an end, for a further £120 million was sanctioned
in 1942.' For several reasons a growing proportion of expenditure was allocated
to machinery and plant rather than buildings. Firstly, labour had increasingly to be
substituted by capital as supplies of skilled workers were exhausted and manpower
allocations cut.'® Secondly, certain British aircraft were designed with a relatively

large number of different detail parts in order to save weight and improve
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performance, and for that reason machining capacity invariably determined the level
of output.'! Thirdly, deliveries of spare parts, relatively low in 1940, increased
steadily throughout the war (see table 44).""> By February 1944 18 per cent of all
airframe labour was engaged in the production of spare parts.!”* The burden

naturally fell on manufacturing (as opposed to assembly) capacity.

T 44, Average Monthly Value of Vickers-Armstron e P,

Pr tion

Factory July-December 1941 January-June 1944 \

Southampton 72,000 592,000

Castle Bromwich 29,000 354,000

Weybridge 284,000 907,000

Source: Vickers 870.
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But the greatest demands were made by the bomber programme sanctioned by
the War Cabinet in December 1941. In July Churchill had called for the production
of 14,500 heavy and medium bombers in the following two years - an increase of
3,500 over the existing target.!® It eventually transpired that the resources
considered necessary by the MAP to achieve this goal were unobtainable. Proposals
to construct four new factories were therefore rejected and instead greater reliance
was placed on the expansion of subcontracting for the manufacture of airframe parts
and sub-assemblies. !

The decision to rely on subcontractors for the bomber programme has been
criticised because subcontracting limited the aircraft industry’s productivity in the
long term. As the war progressed most of the principal aircraft firms developed more
advanced manufacturing processes and more rational factory organisation, but in the
smaller and highly dispersed engineering workshops typical of the subcontracting
network similar improvements were often much more difficult to introduce. For this
reason assembly factories could sometimes process in one shift parts and sub-
assemblies which had only been produced by the operation of multiple shifts at
subcontractors.''® Doubtless more bombers would have been produced if new self-
contained factories had been sanctioned instead, but only if the necessary labour and
management could have been transferred to these new factories. It is far from certain

that this would in fact have been possible.
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6. The Efficiency of Aircraft Production

Although the industrial resources allocated to the aircraft industry increased steadily
until the final stages of the war, continuous efforts were also made to improve the
efficiency with which these resources were employed. The output of Merlin gears
at Rolls-Royce’s Glasgow factory increased by 100 per cent following the introduction
of a line system in July 1941."7 In May 1941 a series of reforms was introduced
at Bristol’s Filton works following an investigation by the MAP’s Technical Costs
branch. A progress supervisor was appointed with responsibility for the entire factory
to prevent competition between different departments which had previously hindered
progress control. The main stores were reorganised and improved provisions made
for storing parts close to the assembly lines. More accurate machine tool loading
charts were prepared, the subcontracting and press departments strengthened, and
rate-fixing tightened up.'"* The Austin airframe factory was also reorganised, the
wages system reviewed, and a new layout prepared with the aim of achieving ‘the
nearest possible approach to line production on aircraft’.!

Another investigation resulted in the appointment of a new general manager
at Hawker in February 1941.' Until then there had been a high degree of inter-
dependence between Hawker and Gloster, both of whom built the Hurricane, but
under the conditions prevailing during the Battle of Britain the output of one factory
had sometimes been lowered by shortages of parts produced by the other. So when
production of the Typhoon started at Gloster it was decided that the two factories
should become self-contained units.'” New machining capacity helped to reduce

Hawker’s vulnerability to shortages of subcontracted parts, and machining operations
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were replanned to improve loading economy.'? New machining, detail
manufacture and sub-assembly facilities were also created at Supermarine and at the
London Aircraft Production group (which manufactured the Halifax bomber). The
MAP’s Director General of Aircraft Production considered it impossible to rely
entirely on subcontractors. ‘There must’, he declared, ‘be an essential nucleus of
machining capacity’.'?

Other initiatives helped to raise the efficiency of the industry as a whole.
Aluminium was used much more economically after the segregation and resmelting
of scrap arising from aircraft production was made compulsory in July 1940, and the
relaxation of official material specifications enabled firms to use a much higher
proportion of secondary material than had been tolerated in the past. In 1941 70 per
cent of aluminium scrap was segregated, and secondary material provided one-third
of the total amount of aluminium required for aircraft production.'” Even greater
economies were achieved by diverting resources to the repair organisation. The
material used to repair 3,816 Lancasters between 1942 and 1945 would have been
sufficient to produce only 622 new airframes.'?

At the manufacturing end of the production line there were further advances
in the application of press work. By 1941 the value of the hydraulic rubber platen
press for metal-forming had been proved at a number of aircraft firms,'? and two
British press manufacturers were co-operating in the design of a standard hydraulic
press for aircraft production. A 2,500 ton press based on the unit principle was soon
developed, the capacity of which could be doubled or tripled simply by the addition
of identical hydraulic units.’” In July 1941 (by which time fourteen presses were

in operation at such firms as Blackburn, A.V. Roe, and Metropolitan Vickers) the
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MAP decided to place a bulk order for sixteen of the standard presses with a total

capacity of 41,000 tons.'® Properly set up these machines proved capable of
producing over 20,000 parts per week.'” Further bulk purchases of labour-saving
equipment, like the cecostamp drop hammer, were made in the following year.'*

Other complex operations were accelerated by the introduction of special
machinery. The time taken to machine the Lancaster’s wing spars was considerably
reduced by the employment of a device known as the plano-miller, the efficiency of
which was itself improved by more than 90 per cent during the war.'! Special
stretching and milling equipment was also provided at Castle Bromwich to
manufacture the Spitfire’'s wings.”®? The replacement of handwork by such
machinery allowed the time required to make fuselage formers for one type to be
reduced from seven hours to twenty minutes.!*

Efforts were also made to simplify the design of aircraft components which
had proved difficult to construct. The installation of hydraulic pipes into the bomb
compartment of A.V. Roe’s Manchester absorbed about 105 man-hours, but by
reorganising the pipe runs into a separate sub-assembly the installation time for the
Lancaster was cut to five hours.” The Manchester’s fuel tank was redesigned to
be spot-welded, rather than riveted, to the Lancaster airframe."*> The application
of this method to secondary structures could cut production times by as much as 50
per cent.’*® At Rolls-Royce a ‘production development’ team introduced several
major changes to the Merlin engine to ease production.’”” During 1940 the Merlin
was completely redrawn so that it could be mass-produced by the Ford Motor
Company.'*

Meanwhile the SBAC, which had functioned only as a trade organisation
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before the war, increased its involvement in technical matters by establishing a
number of subcommittees through which both design and production experience could
be shared. There were individual committees dealing with engines, propellers,
armaments and materials, and with the standardisation of drawing office procedure;
but the most successful work from the production standpoint was undertaken by the
SBAC’s Aircraft and Engine Design Standardisation Committee. An SBAC standards
handbook was first issued to the industry in April 1940, and at that time it contained
just 30 agreed standards. By January 1943 more than 1,000 standards had been
incorporated into the handbook, and many more individual data and reference sheets
had been circulated throughout the industry. Firms were persuaded to accept standard
designs when as many as 40 different ones had existed previously.”*® Work began
on simple components, but eventually standard power plants, rudder bars, control
columns and electric wiring systems were introduced. If tooling costs for standard
parts were particularly high the SBAC itself purchased the necessary tools and
amortised their cost over the quantity of components ordered.

There was also a marked improvement in assembly methods. As early as
December 1939 the trainer manufacturers, Phillips and Powis, installed a runway for
the assembly of ‘Master’ aircraft. ‘The aircraft’, Lemon observed, ‘will move
forward, from one stage to the next, every four hours ... The new layout will result
in a considerable reduction in cost ... When the Phillips and Powis scheme is in
operation, I feel sure that other firms will be so impressed by the results achieved that
they will quickly follow suit’.!! The new arrangements reduced the Master’s
assembly time by 30 per cent, and subsequently, as expected, the use of some form

of conveyor became general in the aircraft industry. But owing to the low rate of
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movement it was found that simple floor trolleys provided all the economies of the
mechanical conveyor at considerably less capital cost. 42

Improved assembly techniques were also introduced at A.V. Roe following
delays with the Manchester. The staff felt that ‘unless some far better method of
feeding the production jigs with detail parts and pre-fabricated sub-assemblies could
be devised, the waste of time and labour would be intolerable. And so the idea of
Kit Marshalling was born.’ It was decided:

to re-organise the storage of details and any sub-

assemblies for each stage in its own kit marshalling store,

to be located adjacent to the appropriate assembly section. No

labour would be allocated to a stage until the required kit had

been marshalled complete in the K.M. store ready for delivery.

This represented, at that time, something of a revolution in

organisation.
Nevertheless, kit marshalling ‘worked smoothly and in a matter of weeks the recorded
times were being returned below target, with great potential savings in jigs and
labour’. 1

From 1941 the technique spread throughout the industry, and its wider
application marked a pronounced departure from the methods by which production
had been accelerated in 1940. The tendency was, in fact, to rebuild the cushion of
parts and components which had been depleted during the Battle of Britain. This
extended the production cycle of individual aircraft, and in peacetime would have
been uneconomic in terms of finance (because of the additional work-in-progress) and

factory capacity (because of the additional storage space). Yet at a time when the



383
industry was facing an acute shortage of supervisory staff, kit marshalling reduced

the managerial effort required to maintain the flow of work and guarded against
shortages of particular supplies.'* Through the application of such measures labour
efficiency improved considerably during the war (see table 45). The direct man-hours
absorbed in the production of the Lancaster airframe fell from 5 1,000 in 1941 to

approximately 20,000 by 1945.'4

Table 45. Per Capita Output in the Aircraft Ind 1941-44

A) Aircraft B) MA;;;ucﬁon C) Index of
Manpower Index Six Months Per Capita
(Million) Later Output

June 1941 1.2 829 100 “

Dec. 1941 1.3 1,175 131

June 1942 1.4 1,282 132 “

Dec. 1942 1.5 1,562 151

June 1943 1.6 1,636 148 “

Dec. 1943 1.7 1,926 164 ‘_-I‘

Sources: (A) P. Inman, Labour in the Munitions Industry, 5; (2) Statistical Digest of
the War, 154 (MAP production index based on airframe structure weight corrected

by man-hours); (C) B + A, June 1941 equated to 100.
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7. The Wartime Aircraft Industry

By the end of 1941 the British aircraft industry was grouped around eight types of
aircraft: the three heavy bombers, the Wellington, the Mosquito, the Beaufighter, the
Spitfire and the Barracuda torpedo bomber. The administration of these groups was
only loosely centralised in the MAP. The parent firm of the most successful group,
A.V. Roe, declared in October 1941 that it ‘would not be agreeable to operating a
Group Central Control if this was to be controlled by the DAP representative’, and
instead group co-ordination became the responsibility of the leading design firms.

Despite the numerous operational roles which British aircraft had to fulfil, the
group system resulted in a high degree of product specialisation. In the airframe
sector the principal eight types accounted for 70 per cent of employment by 1944,
Of all aero-engines produced in Britain during the war 81 per cent were designed by
just two firms, Rolls-Royce and Bristol, while two models, the Merlin and the
Hercules, accounted for 72 per cent of production between September 1939 and May
1945."® Propeller production was also dominated by the designs of just two firms,
as was turret production.'” Moreover, the majority of aero-engines and ancillary
products were in turn allocated to the most important operational airframes. By June
1944 50 per cent of total MAP manpower, 850,000 workers, were engaged in
producing the Lancaster, the Halifax and the Wellington alone. '

Many other advantages were gained from grouping aircraft production. The
groups helped to co-ordinate the supply of components and equipment, and to
rationalise tool and material procurement, machining operations and

subcontracting.’” The solution to maldistribution, for example, lay in setting up
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group committees to redistribute parts. In November 1941 Rootes received 188 items

from other Halifax bomber constructors, while they themselves supplied 35.'

Group production also allowed ideas and expertise to be pooled. When Rootes
joined the Halifax group the firm was able to advise Handley Page of several means
by which efficiency could be improved. These included the introduction of a new
system of factory control, the development of spot welding, and a reorganisation of
Halifax assembly which reduced the production time by 20 per cent.!”® In the
Lancaster group A.V. Roe and Metropolitan-Vickers undertook joint research into the
application of welding to light alloys.!® And in the Spitfire group Westland co-
operated with Supermarine in the development of folding wings for the Seafire naval
fighter.!%

Within each group there emerged a two-tier structure of design and production
factories. The introduction of step-by-step refinements, which tended to upset
manufacturing operations, was undertaken by the principal design firms, but the
excessive batching of different marks was avoided at most agency and shadow
factories. Supermarine produced several different marks of Spitfire in parallel for
much of the war, but Castle Bromwich rarely produced more than one.'® Handley
Page produced a total of seven different variants of the Halifax bomber between 1941
and 1945, while English Electric produced just three in much larger numbers.'”
Aero-engine production was planned in the same way. In keeping with pre-war
assumptions, Rolls-Royce’s Derby and Crewe factories developed and produced the
latest versions of the Merlin engine, and later the Griffon, while the Glasgow and
Manchester works concentrated on a few proven designs. Upwards of 40 different

marks of Merlin were produced at Derby during the war. Ford, on the other hand,
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produced just five (very similar) Merlin variants. Yet Ford produced only 2,000

fewer engines in five years than Derby produced in seven.!s®

The burden of design and development was therefore born by the experimental
and technical departments of the professional aircraft firms, and high costs were
accepted in return for high quality. The most successful types were then selected in
consultation with the Air Staff, allocated to mass-production factories, and
manufactured in large quantities in long and relatively stable production runs which
brought very significant economies. By 1944 the manpower required per Spitfire per
month at Castle Bromwich was calculated to be half that required at Supermarine.'?
Similarly Merlin engines produced by Ford cost 30 per cent less than the average cost
of those produced by all other Merlin manufacturers.'®

The conditions under which design and production firms operated differed
significantly. Rolls-Royce and Bristol encountered enormous difficulties in co-
ordinating engine development with MAP production programmes. The introduction
of the two-stage Merlin caused particularly serious problems, and at times the supply
failed to keep pace with installation requirements.'s! As Sidgreaves wrote in 1943,
‘our enthusiasm and zeal to introduce improved types has been greater than our real
ability to do so’.'” de Havilland had eventually to produce no fewer than eight
separate variants of the Mosquito at the same time on three sixteen-stage assembly
lines.®®

Shadow production was, in comparison, relatively simple. At Ford
concentration on individual marks of the single-stage Merlin increased the scope for
scientific factory organisation and for the fulfilment of production targets. Work was

moved continuously through a series of bays, each of which specialised in a single
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process, and operations were carefully subdivided into simple, repetitive, tasks.'®*
Standard Motors persuaded the MAP to abandon plans to build two different
Mosquito variants at their Canley factory, and production was focused on a single
mark instead. ‘This has obvious advantages to us from the production and financial
standpoint’, the managing director told his board. ‘There will be no break in
production flow’.!® Similar advantages were enjoyed by the Hercules engine
shadow group, where long production runs on single marks of engine allowed very
high levels of output to be achieved. Indeed, it seemed to some contemporaries that
this type of organisation might hold the key to a more general improvement in
productivity. A Ministry of Labour report declared that:
This group of four factories constitutes undoubtedly the

best monument and most outstanding achievement of what can be

done by careful government planning and methodical industrial

execution. Each individual works ... represents the highest

attainment of the engineer’s art in mass production methods and

they are an object lesson to the rest of the country and indeed

to the whole world.'%
Had all British aircraft production been organised in this way, total output would
certainly have been much greater than that actually achieved; but the fundamental
strength of the aircraft industry - its flexibility, and its capacity to improve established
designs - would then have been wasted, and the quality of aircraft would have
deteriorated. In fact the group organisation established between 1938 and 1941
achieved a balance which maintained both quantity and quality throughout the Second

World War.
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nclusi

On the outbreak of war the Air Ministry committed itself to a particularly ambitious
aircraft programme which initially proved impossible to achieve. Output was
expanding rapidly by the spring of 1940, but the plans only really came to fruition
after the Air Ministry’s responsibilities for aircraft procurement had been transferred
to the MAP in May. In the following months the aircraft programme was redrawn;
emergency measures implemented by the new administration prolonged the
operational life of several established types; capacity had to be created for new
designs like the Mosquito and replacements found for types like the Manchester and
the Typhoon. The ‘production miracle’ of 1940 encouraged the MAP to plan for
even higher targets in the following year. Yet these expectations were soon
disappointed. Bombing, dispersal, reduced working hours, design changes and delays
in the introduction of new capacity all conspired to reduce output. Nevertheless,
British aircraft production was placed on a much more stable wartime footing during
1941. The Aircraft Supply Council, new programme and material directorates were
created in the MAP. New industrial capacity was sanctioned to improve the balance
between the different sectors of the industry and between manufacturing and assembly
facilities. Several firms were reorganised, and there were significant advances in the
simplification and standardisation of design and in manufacturing and assembly
techniques. By the time the bomber programme was approved in December 1941 a
group production system had been established which enabled Britain to concentrate
resources and exploit mass production methods without sacrificing the qualitative

progress so vital to the operational efficiency of the RAF.
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C LUSION

In July 1934 Neville Chamberlain, then Chancellor of the Exchequer, overturned the
recomméndations of the government’s Defence Requirements Committee by imposing
drastic cuts on its proposals for army and navy rearmament. At the same time
Chamberlain directed that the strength of the Metropolitan Air Force be raised from
the 52 squadrons proposed by the committee to 80 squadrons.! This symbolic
intervention established an order of priorities which was retained throughout the
rearmament years. It was based on the belief that the next war would be an air war:
a war that would be won or lost in the air.

The government’s foresight owed much to conclusions drawn from the Great
War. On the one hand air power had robbed Britain of centuries of geographical
immunity from invasion, but on the other it appeared to offer an alternative to the
commitment of large ground forces to further protracted trench-warfare on the
continent of Europe. In the circumstances it is hardly surprising that British thinking
on aerial warfare was more advanced than in other countries. By 1939 the RAF had
a far clearer understanding of the defensive capabilities of fast monoplane fighters
than did air forces elsewhere. It was the most outspoken advocate of strategic
bombing, and it had also developed a clear doctrine on the use of air power in
conjunction with land and sea operations. Although the theory had inevitably to be
adapted to wartime realities, British strategists predicted with unique accuracy the
type of war which was to be fought after 1939 and the weapons needed to fight it.2
What were the industrial consequences of Britain’s commitment to air power?

In 1935 the British aircraft industry built just 893 aircraft for the RAF. In
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1941 it produced more than 20,000, and in 1944 more than 26,000. The figures are

even more impressive when expressed in terms of structure weight. The industry
delivered less than 2 million pounds in 1935. In 1941 it delivered more than 87
million pounds, and in 1944 more than 208 million pounds. Fewer than 3,000 aero-
engines were delivered in 1936. In 1941 36,500 engines were built; in 1944 57,000
engines. On average each aero-engine produced in 1944 developed double the
horsepower of each engine built in 1936. The MAP’s production index increased
from an average monthly figure of 18 in 1935 to 803 in 1941, and to 1,774 in 1944 3

Expressed in the simplest possible terms the expansior of the aircraft industry
was achieved by investing more than £350 million in factories and plant for new
production between April 1936 and March 1944, and by increasing employment from
35,000 in 1935 to nearly 1.7 million in 1943.* But the figures alone tell us nothing
about the allocation of resources; about how expansion was planned, and about how
the industry responded to the pressures of rearmament and war. This study has
attempted to answer these questions. Its principal conclusions may now be
summarised.

The demand for military, civil and private aircraft between the wars was
sufficient to support a relatively large aircraft industry in Britain. It is true that
certain companies had to diversify their activities to maintain design capacity, and that
some of the most successful firms of the 1920s were unable to hold on to their share
of the market after 1930. But this only helped to advance a process of consolidation
which resulted in the emergence by 1935 of the key wartime contractors, Vickers,
Hawker Siddeley, Bristol, de Havilland and Rolls-Royce. These firms were highly

profitable and were able to gain considerable production experience before the
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commencement of rearmament.

Nevertheless, consecutive Air Ministry studies demonstrated that the industry
was not in itself capable of meeting the needs of war production. So plans were
drawn up to augment the capacity of the professional airframe and aero-engine firms
by employing automobile and other engineering companies as ‘shadows’, to
concentrate industrial resources into groups, and to create a state production
organisation to co-ordinate the output of the different sectors of the aircraft industry.
It was expected that these plans might have to be implemented without notice to
bridge the gap between RAF requirements and industrial capacity in the first twelve
months of a war. Yet in the event Britain was granted a breathing space of some five
years in which to re-arm.

A feature of the early rearmament years was the sharp distinction which the
government drew between peacetime and wartime production planning. From 1934-
38 the aims of the defence programme were strictly limited, and these limitations
were reflected in the structure and authority of the state’s aircraft production
organisation. Responsibility for design and production was initially divided between
two different Air Ministry departments. A separate production directorate, the DAP,
was formed within the Department of Supply and Organisation at the beginning of
1936. The DAP was given the function of monitoring the progress of individual
contracts, but it had little or no control over the way in which the industry was
organised, and its attempts to draw up production programmes were initially
unsuccessful. ‘DAP has attempted to forecast deliveries’, Freeman wrote at the end
of 1937, ‘but to do so with any accuracy has been impossible since the manufacturers

had no experience of production of the new types’.’
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However, when rearmament was accelerated following the Anschluss the Air
Ministry’s aircraft design, development and production branches were rapidly
integrated, and greater numbers of qualified staff recruited. Long-term war
production targets provided a basis for the ministry to plan new capacity, and to co-
ordinate the output of different aircraft components. Programming and co-ordination
inevitably suffered during the emergency of 1940. The Ministry of Aircraft
Production assumed control of air force supply with a mandate to remedy what was
mistakenly seen as a production crisis, and ‘Beaverbrook’s concern was to enlarge the
immediate output of whatever was in production, not to alter existing plans so as to
achieve better results later on.”® But progress was resumed in the following year
after the creation of the MAP’s Directorate of Statistics and Programmes.

A cohesive state production policy also developed in stages. In 1935 RAF
specifications were relaxed, the Capital Clause was introduced to encourage
investment, two-year contracts were allocated to certain firms, and the progress
payment scheme was extended. In the following year the government approved far
more ambitious plans to re-equip the RAF with modern aircraft. Three-year contracts
were placed, and further financial concessions granted to the aircraft industry. The
first shadow factories were set up, though they were intended only to help fulfil the
peacetime rearmament programme.

In 1938 planning for war production began in earnest. The government started
investing directly in the aircraft firms, and the industry agreed to manage new
factories built at state expense. The first group production schemes were organised
and new shadow factories were established under companies like Nuffield, English

Electric, Vickers-Armstrong and Metropolitan Vickers. Subcontracting tapped
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substantial resources of labour, management, machinery and working capital which
might otherwise have been excluded from the aircraft economy.

One problem proved insoluble throughout the rearmament years: the Air
Ministry failed to achieve a significant reduction of the number of different aircraft
types in service. Yet premature concentration might well have eliminated some of
the best designs like the Spitfire, Lancaster and Mosquito, and by ordering different
models to perform the same military functions the ministry insured itself against the
technical failures which proved so disastrous in Germany in 1942. Moreover, the
relatively large number of different models produced in Britain disguised enormous
variations in the quantity of resources allocated to each one. The organisation of
group production schemes for the Wellington, Halifax and Manchester bombers and
for the Merlin and Hercules engines ultimately resulted in a very high degree of
product specialisation during the war.

When the aircraft industry was called on to expand in 1935 the complex
technical transition from the biplane to the monoplane was far from complete. The
quality of British aircraft had advanced considerably during the inter-war years, but
the greatest improvements in performance had been achieved by increasing the ratio
of aero-engine power to aircraft weight. The lessons of the aerodynamic revolution
associated with large civil landplanes in the United States were rapidly being learned,
but the first British military monoplanes were still under development at the beginning
of rearmament.

The technical problems associated with the introduction of this new generation
of aircraft imposed far more rigid constraints on production than did purely physical

shortages of particular industrial resources. Such shortages certainly occurred, but
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it is unlikely that a more rapid influx of manpower or machine tools would have
produced significantly greater numbers of modern aircraft in 1937 or 1938. Nor
would the higher levels of government defence spending demé.nded by Churchill have
accelerated preparations to any material degree. Until the development stage had
. been completed and production drawings standardised, design capacity represented
. the single most important obstacle to the fulfilment of the production targets.

Yet the problem initially went unrecognised. Some firms were over-burdened
with design work, and new types were scheduled for introduction before they were
fully developed. Freeman recalled later:

We became opportunists and took or ordered what we

thought we could get, believing in the facile promise of the

manufacturers who, in order to make certain of getting orders,

made unduly optimistic promises of what they could produce.

We cannot altogether blame them for they were in some measure

encouraged to do so by our urging them on to increase their

promises if they fell short of our wishes.’

The Air Ministry was in fact aiming very high indeed. In spite of a
substantial increase in output and labour productivity during 1937 most of the more
important production deadlines were missed. Believing that aircraft which had been
ordered at the beginning of rearmament would prove obsolescent by the time they
entered service, the ministry leant hard on the firms who, fearful of compulsion or
outright nationalisation, attempted to shift responsibility for their troubles back on to
the government. In the aero-engine industry the problems were less severe, but the

task of planning was complicated by the slow progress of the airframe programme
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and by the prevailing uncertainty about the government’s long-term intentions, and
some time passed before the industry began to fulfil its true potential. During 1938,
however, the position improved. The future demand for military aircraft was
clarified when Scheme L was finally sanctioned by the government. Through the
medium of the Supply Committee state and industry began to co-operate much more
closely in planning new capacity. Most of all the new monoplanes began to emerge
in quantity.

By the end of the year levels of output considerably higher than originally
expected were allowing at least some of the accumulated deficit to be made up.
During 1939 British aircraft production overtook German aircraft production. In
1940 Britain produced more aircraft than any other country in the world, and in 1941
Britain out-produced Germany by 71 per cent in terms of complete aircraft, 28 per
cent in terms of structure weight, and 63 per cent in terms of aero-engines, though
employing fewer resources of labour and aluminium. Why did production accelerate
so rapidly?

The rate of expansion is partly explained by the very high level of investment
in new factories, plant and machinery undertaken by the aircraft industry between
1935 and 1938. Until the technical constraints on production had been overcome this
capacity remained under-utilised; it only fulfilled its true potential in 1939. State
investment then accelerated the production of types like the Wellington, Hurricane
and Spitfire during 1939 and 1940, and added to the amount of floor space available
for the heavy bombers which were to be introduced under the auspices of the War
Potential programme in 1940 and 1941. ‘Concerted and vigorous action’ was taken

to enlarge capacity for ancillary products like aero-engines, aluminium, gun turrets
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and equipment.® These measures provided the foundation for the high production

levels achieved during the Battle of Britain.® Investment by the MAP was chiefly
directed towards adapting industrial capacity to the longer-term demands of the
wartime air force: to unpredicted and largely unpredictable changes in the design and
development programme, and to the introduction of the bomber programme at the end
of 1941.

The expansion of British aircraft production could not have been sustained
without adequate supplies of manpower. An acute shortage of draughtsmen and
technicians was the root cause of many of the industry’s problems in the early years
of rearmament. By 1938, however, growing awareness of this shortage was
encouraging both state and industry to concentrate design effort on the most important
short-term projects, and the creation of self-contained experimental departments by
several leading contractors helped to accelerate the development of such key aircraft
as the Mosquito and the Lancaster. Similar bottlenecks occurred in the supply of
supervisory personnel - especially after the dispersal of the industry at the end of
1940. But shadow production and subcontracting helped to spread the managerial
burden which wartime expansion imposed on the aircraft firms, and the data for
production and resource utilisation do not indicate that Britain was any more severely
handicapped by this problem than Germany.

In contrast the aircraft industry could always draw on relatively liberal
supplies of labour. There was initially some entrenched union opposition to dilution.
But it was impossible for the unions to prevent new factories from being staffed with
unskilled workers, and resistance became futile after 1938 as more and more new

capacity was sanctioned for the War Potential programme. Hence the remarkable

~
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contrast between Blackburn’s problems at Dumbarton and Rolls-Royce’s success in
recruiting an almost entirely unskilled work-force further up the Clyde at Glasgow.

Of course, the massive influx of unskilled workers created its own problems.
Absorption took time. It was dependent on the transfer of a nucleus of skilled
workers from the older factories, and it also necessitated elaborate jigging, tooling
and mechanisation. Such methods, employed during production runs of unexpected
length and stability, resulted in dramatic improvements in per-capita output. The time
taken to build the centre section of a particular bomber fell from 1,014 hours at the
commencement of production to 592 hours after one year, and to 230 hours after 17
months.'® Output benefited enormously, but accurate rate-fixing became extremely
difficult. Excessive earnings were, however, mainly confined to the Midlands
shadow factories, and the available figures do not suggest that high piece-work
bonuses prevented labour productivity from increasing throughout the war.

Rising investment and employment fuelled the expansion of British aircraft
production between 1939 and 1941. But the growing volume of turnover had also to
be financed. During the aircraft boom of the mid-1930s the nominal value of publicly
issued capital in the aircraft industry increased from £3.7 million to more than £19
million, but as production began to outstrip the industry’s own financial capacity the
state’s role in providing capital inevitably increased. Very large numbers of aircraft
were built under agency agreements after 1938, but the government preferred to
maintain operations on a commercial basis wherever possible. So state capital
assistance was liberalised and bank-lending provisions were extended. When it
became clear that the firms were also employing excess profits to finance production

the government turned a blind eye. Yet this did not mean underwriting exorbitant
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production expenses. The pricing mechanism thrashed out between state and industry
during the rearmament years rewarded firms for the improvements in efficiency which
the government was so anxious to achieve, and imposed effective long-term controls
over aircraft costs.

Increasing efficiency reflected wide-ranging managerial reform, as in the case
of Rolls-Royce, and continuous technical innovation. The greatest economies resulted
from the simplification of design, from extensive jigging and tooling, from splitting
up complete aircraft into large numbers of component sub-assemblies, from the
improvement of metal-forming techniques, and from the increasingly widespread use
of progressive assembly." Flow production methods and single-purpose machinery
also allowed the aero-engine industry to achieve significant gains in productivity.

Yet historians have invariably judged the aircraft industry’s wartime
performance not by any detailed assessment of its productivity record but by its
failure to fulfil the official production programmes, despite its apparently endless
consumption of human and capital resources. Recently a former programmer blamed
this failure on ‘sheer inefficiency’.'

This is an excessively harsh verdict. There is no quantitative evidence that the
British aircraft industry was less efficient than its German counterpart. British
output, expressed in terms of the structure weight of complete aircraft, was
significantly higher than German output between 1941 and 1944. In 1942 Britain
produced more than 50 per cent more aircraft than Germany and nearly 40 per cent
more airframe structure weight. In 1943 Britain again out-produced Germany in
absolute terms, and in 1944 Britain still produced nearly 20 per cent more airframe

structure weight than Germany (see table 46). Yet the German aircraft industry was
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employing more labour by 1941 than the British aircraft industry employed

throughout the war.”® Per-capita output in Britain was lower than in America. The
most reliable comparison between the American and British airframe sectors
concluded that output was about 75 per cent higher in the former than in the latter.
But behind the American advantage lay production targets many times greater than
those set in Britain. The scale of the American aircraft programme provided the
justification for a level of fixed investment which dwarfed that undertaken by the
European powers, and lower production costs also reflected the greater volume of
production in the United States and the very much larger average size of American
factories. An equivalent degree of industrial concentration was, of course, impossible

to achieve in Britain because of the threat of German bombing.'



Table 46. British and German Aircraft Production, 1941-44

Structure Weight (m. Ib) Aircraft Delivered

Delivered

Britain Germany Britain Germany

87 68 20,094 11,776

133 96 23,672 15,409

185 142 26,263 24,807

208 175 26,461 39,807
|

Source: Statistical Digest of the War, 153; USSBS, Report 4, exhibit VI A; R.J.

Overy, The Air War, 192.
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There were many reasons for the failure of British aircraft production to fulfil
the programme targets during the war. By 1941 the industry was dependent on a
massive international manufacturing effort. Bauxite produced in the colonies was
turned into aluminium in Canada, before its conversion into alloy in Britain. America
supplied machine tools and many other products needed to produce finished aircraft.
The level of mobilisation and output achieved in Britain would have been impossible
without the support of the Empire and the United States, but bottlenecks and
production shortfalls could also result from circumstances entirely beyond British
control. Nevertheless, the fundamental explanation for the gap between programme
and production lay in the frequency with which aircraft were modified in accordance
with service requirements. The solution - the imposition of stricter limitations on
programme changes and modifications - lay chiefly with the government and the RAF
rather than the aircraft industry. For improved manufacturing methods would have
been impossible to exploit in the absence of long production runs on standardised
products, as the government’s own research showed." In the later stages of the war
both Germany and America made substantial qualitative sacrifices in the interests of
maximising output.® Quality was also sacrificed to quantity at mass-production
factories in Britain like Castle Bromwich or Ford’s Merlin engine plant at
Manchester. But at design factories such as Rolls-Royce and Supermarine the
production schedules were repeatedly upset by the continuous process of qualitative
refinement. Some loss of output was expected, but there was no scientific basis for
calculating how great that loss would be.

Hence the official programme can hardly be seen as the only yardstick of the

aircraft industry’s productive efficiency, and indeed there are several other indicators,
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none of which show that resources were inefficiently employed. There is no evidence
of extravagance in the supply of machine tools; on the contrary, capital equipment in
the war economy as a whole was always much more fully utilised than in
Germany.'” The bulk. of aluminium scrap was ploughed back into finished aircraft.
Prices remained stable despite the increasing weight and complexity of aircraft and
despite the steady rise in wage rates. Subcontracting did limit productivity, as it did
in Germany, but it also greatly reduced the need for direct government investment.
And even after the production figures were corrected to account for changes in
aircraft weight they still revealed a steady increase in per-capita output between 1941
and 1944. This conclusion is corroborated by the MAP’s own calculation in 1944
that per-capita output in the airframe sector alone had increased between three and
four times since 1936.'" This was achieved despite major quantitative sacrifices
during 1943 and 1944 which were justified by the ministry on the grounds that the
quality of aircraft would improve.!” The programmers were indulging in excessive
optimism if they truly expected to obtain much more.

After 1945 the history of British aircraft production in the Second World War
became shrouded in a popular mythology which dwelt on individual designers of
genius, like Mitchell and Camm, on their aircraft, the Spitfire and the Hurricane, on
‘boys in the backroom’ and on supposed miracle workers like Lord Beaverbrook.
More recently historians have shown how easily the myth can be debunked. In its
place now stands a gloomy catalogue of muddles and missed delivery dates, which
is compared unfavourably to an idealised (but very misleading) evaluation of German
and American aircraft production.

In fact the achievements of British aircraft production in the Second World

m
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War did not stem purely from the work of a handful of brilliant engineers and
administrators. Rather, they were the result of consistent and methodical plans for
wartime production first proposed in the 1920s and finally implemented during the
rearmament and early wartime years, and of sustained effort and innovation on the
part of the leading firms. The plans did not always work out as expected because the
impact of rapid technological change on production was very difficult to predict. Yet
by the end of 1941, as the War Potential programme came to an end and as the new
bomber programme was launched, the aircraft industry had been organised into a
number of groups geared to the development and production of the most important
airframes and ancillary products. The groups’ effectiveness lay not only in their
productive capacity, but in their ability to respond flexibly to changing service
requirements. The maintenance of this balance between the quantity and quality of
military aircraft - notoriously more complex and technologically advanced than any
other product of the armaments industry - was the single most outstanding

accomplishment of the British war economy.
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Abbreviations for archival sources are as follows:

AC

EEFAW

EEFAL

HSA
PRO
ROBN
RRA
USSBS
Vickers

Weir

Royal Air Force Museum Archive (Handley Page and Bristol
Collections)

Engineering Employers Federation Archive, Modern Records
Centre, University of Warwick

Engineering Employers Federation Archive, London

Handley Page Archive (supplementary collection)

Hawker Siddeley Archive

Public Record Office

Professor Sir Austin Robinson papers

Rolls-Royce Archive

United States Strategic Bombing Survey

Vickers Archive

Lord Weir papers
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Abbreviations for committee minutes cited in the notes are as follows:
ACCS - Air Council Subcommittee on Supply

ACM NTC

Aircraft Manufacturers National Technical Committee of the

Engineering Employers Federation

AESC - Aero-Engine Shadow Committee

ASB - Air Supply Board

DGP - Director General of Production’s weekly meetings
DRC - Ministerial Committee on Defence Requirements
Sof SEPM - Secretary of State for Air’'s RAF Expansion

Progress Meeting

Abbreviations for Air Ministry and Ministry of Aircraft Production Personnel cited

in the notes are as follows:

AD - Assistant Director

AMDP - Air Member for Development and Production
AMRD - Air Member for Research and Development
AMSO - Air Member for Supply and Organisation
AMSR - Air Member for Supply and Research

CAS - Chief of the Air Staff

DAP - Director of Aeronautical Production

DCF - Director of Capital Finance

DD - Deputy Director

DGAP - Director General of Aircraft Production
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DGE - Director General of Equipment

DGP - Director General of Production
DGPS - Director General of Programmes and Statistics
Dof C - Director of Contracts

D of E - Director of Equipment

DS - Deputy Secretary

D Stats. P - Director of Statistics and Programmes
DUS - Deputy Under-Secretary

DTD - Director of Technical Development
PAS - Principal Assistant Secretary

PS - Private Secretary

PSO - Principal Supply Officer

PUS - Permanent Under-Secretary

SofS - Secretary of State

US of S - Under-Secretary of State

Other abbreviations:

EEF - Engineering Employers Federation
MAP - Ministry of Aircraft Production
SBAC - Society of British Aircraft Constructors

AEU - Amalgamated Engineering Union
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