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ABSTRACT

Through a study of the Royal Small Arms Factory (Enfield Lock)
and its influence upon product design and development, we examine
an apparent anomaly. While accepting that Britain was the seat of
the industrial revolution, several historians have claimed that
American engineers held the technological advantage in the
manufacture of small arms in the first half of the 19th century.

. Accounts of this disparity in the main have sought economic
answers but this thesis examines technological change in relation
to the weapons procurement system for the British armed forces
operated by the Board of Ordnance. Attention is focussed upon the
political interplay between the public and private sectors of the
gun trade, which was particularly influential in delaying the
progress of the British military small arms industry towards the

standardisation of weapons through a mechanised system of

manufacture. As a result, reliance by the private sector upon
traditional labour intensive methods of production remained

perhaps longer than would otherwise have been the case.

In addressing these issues it is argued that Britain's seeming
hesitancy 1n maintaining her earlier rate of technological
progress was the result of a veritable cocktail of events, with
several factors at play. The investigation draws on primary
documents and secondary accounts complemented by interviews with

representatives of established small arms manufacturers, skilled
craftsmen, weapons and machine tool experts and an examination
of relevant artefacts, the results of which have cast doubt on
some aspects of received interpretations of early part ‘

interchangeability.




This study re-appraises the important role and character of one

of the most influential and controversial "Ordnance" figures of
the period, George Lovell. It sets the Board of Ordnance method
of weapon procurement against the methods of other purchasing
agencies, notably the East India Company. The results of the
inquiry indicate that Britain's seeming technological pause in
the field of small arms manufacture was more due to political
influence and the administrative structures than to a lack of
technical expertise on the part of its engineers, eﬁtrepreneurs

and craftsmen.



INTRODUCTION

Reading the many standard works which attempt to trace the
history and development of the manufacture of small arms it would
be a simple matter to gain the impression that the
entrepreneurship, manufacturing technology and inventiveness
which arose out of the industrial revolution had stagnated in

Britain by the early part of the 19th century. Commentators such
as Ames and Rosenberg have suggested that "Americans clearly led

the British in the adoption of many machine methods of
production", which seems to imply that somehow the manufacturing
technology transferred to America early in the century where it
grew and flourished. .l. While there 1s undeniable evidence to

show that American manufacturers and entrepreneurs had embraced
and developed this new technology, initially concentrating their

efforts on solving the difficult problems which were associated
with the methods and procedures of standardised manufacturing in
the production of small arms, the main thrust of this thesis will

be to examine the basis for Ames and Rosenberg's assertion that
America was elither moving faster or Britain's early technological
progress had paused. It is intended to discover why it was that
engineers and industrialists in Britain had apparently not
followed a more rigorous approach to producing weapons by

- machinery after having the technological initiative of the
industrial revolution, seeming to prefer traditional labour
intensive methods of manufacture. We will also attempt to
discover how Government feacted to this apparent loss of

technical advantage. In addressing these issues, the following
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question will be asked:- were there people in Britain with the
requisite vision and engineering skills to have taken forward the
manufactufing technology into the area of small arms production?
If it is found that such people existed, then it will be

necessary to ascertain what were the factors which apparently

held them back. For example, was there the possibility that 1in

Britain, little demand for small arms existed at the time?

Although the .investigation will concentrate on issues this side
of the Atlantic, the opportunity will be taken to discover
through comparison with the work of American scholars, parallels
with the reasons why small arms manufacturing technology.

developed within the United States national armouries,
particularly with the progression towards production by the

system of interchangeable parts. This will be contrasted with
what seemingly delayed progress towards a mechanised system of

manufacture for the production of military firearms in Britain.

The action of putting these issues under the microscope for the

purpose of investigation is not to make claims for British or
American engineering skills by trying to decide in which country
a product or manufacturing process was developed or invented.
Claims are often made on the basis of commercialism when kudos
can be gained for a country by suggesting that ideas or processes
invented or developed by a particular individual or group was an
"industrial first". Pursuing an investigation into such qlaims
would not be helpful to the inquiry in hand and would only prove

distracting to the research. For example, it can be arqued that

Marconi did not invent wireless, as many people like Hertz, Lodge
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and Faraday had worked for years before him on the development of
the technology which made the medium possible. Nevertheless, what
Marconi did was to exploit the available embryonic technology and
develop a system which required a commercially viable product to
promote it, in this case, the wireless transmitter and receiver.
Similarly, the manufacturing system of interchangeable parts did
not occur from a single stroke of inventive genius but had many
different contributors. Of course, like wireless, the system
required a commercially viable product to promote it, initially
this was the small arm. The important issue for our investigation
ig, what were the factors which encouraged, or in the case of the
British small arms industry, delayed the mechanised manufacture

of military small arms?

On the path to mechanised military small arms manufacture, the

relationship between George Lovell (Storekeeper at the Enfield
small arms factory), and the private "Ordnance" contractors will

be addressed. The period of particular interest is after Lovell's
promotion to Inspector of Small Arms in 1840, reporting directly
to the Master General of Ordnance. Here we are provided with some
of the most important clues which help to explain why the British
small arms industry during the first half of the 19th century
took a quite different approach to the production of military
weapons in comparison to that of the United States of America.
While the evidence showé that the British small arms industry
retained labour intensive manufacturing much longer than America,
being slow to adopt mechanised methods of production,

particularly in the area of locks and stocks, the greatest

drawback to technological progress came from the method of



"Ordnance" arms procurement.

By making a detailed examination of the evidence taken from
Government Select Committee Reports and official "Ordnance"
correspondence, it has been possible to assemble a comprehensive
picture of the "Ordnance" contract system of arms procurement.
This has helped to reinforce the conclusion that the "Ordnance"
method of weapon procurement was one of the more crucial elements
in a number of influencing‘factors wﬁich led to delaying the
introduction of machine tools for the mass production of small

arms in Britain.

In examining George Lovell's multi-faceted role in small arms

manufacture and weapon development it will become clear that he

was one of the most influential and controversial figures within
the British small arms industry. Although Lovell has been
acknowledged by writers and arms experts like De Witt Bailey for

his innovation and weapon design skill, this is the first study
in which his dealings with the "Ordnance" private contractors has
been fully assessed. In moving towards an improved product
standard, Lovell was responsible for increasing the strictness of
the "Ordnance" "view" (quality control and inspection). By
analysing the conséquences of these stricter inspection standards
it will be shown how they had a marked effect upon the British
small arms industry, causing considerable problems and hardship
for the private sector. The episode allows a closer study of a
complex game played by the Inspector of Small Arms in his quest
to manoeuvre a reluctant "Ordnance" into taking control of weapon

manufacture. By coﬁtrasting the "Ordnance" methods of view with



the strategy employed by officers of the East India Company when
procuring arms from the same private contractors as the British
Government, we question the criteria of the "Ordnance" weapon
inspection system, especially the insistence on high levels of
finish, which to a certain extent can be seen as a hang-over from
the traditional labour intensive methods and artistic
‘embellishments employed in the manufacture of sporting guns.

Such weapons were often crafted individually, which meant they
were aimed at a quite different customer base than the mass

markets of the military.

This comparison puts in perspective the continuing criticism of
"Ordnance" by the private contractors throughout the first half
of the 19th century, much of which became personalised against
Lovell. Conversely criticisms were levelled against the
independent gun trade by "Ordnance" who accused the contractors
of deliberately setting out to extract the highest possible
prices for weapons and falling behind in their contractual
obligations. The reasoné for these beliefs will be examined and
it will be suggested that "Ordnance" could have considered other
methods of obtaining arms supplies from the private sector. To
counterbalance the "Ordnance" accusations against the
contractors, an examination of the "Ordnance" system of open

tendering will be taken, which had high standards for low prices

within its weapon procurement criteria. After the new system of
open tendering was introduced in the late 1840s it will be shown
how its effect upon the private sector further increased weapon

supply problems.



Examining how George Lovell dealt with "bottle necks" in the
weapon manufacturing process created by the scarce supply of
seasoned walnut allows a new insight not only into the way
production problems were solved but, perhaps more importantly, in
the way Lovell thought and behaved in the political arena.
Through this episode we are permitted a glimpse of the different
pressures which were at play, both bureaucratic and political,
which helped to delay the progresses of innovative techniques 1in
the British small arms industry. By examining the method
employed to increase the supply of walnut for use in the
manufacture of military gun stocks, we are allowed through a

serious, although somewhat naive miscalculation by Lovell's son,

the Assistant Inspector of Small Arms, to witness how this led

indirectly to the installation of a new wood desiccating process

chamber at Enfield Lock.

Correspondence between the Master General of Ordnance and the
Superintendent of the Royal Small Arms Factory, Enfield allows
for the first time a vivid insight into the Master General's
knowledge of the processes involved in the development and
manufacture of small arms. This information will be analysed in
the context of "Ordnance" arms procurement at the time of the
Crimean War. The opportunity will also be taken to examine the
impact of this particular war upon the British small arms

industry, which by the middle of the century had reached a

critical stage in its development.

Innovation and manufacture

In assessing the role of "Ordnance" weapon procurement in the



emergence of mass production technology, the aim will be to
discover the influencing factors affecting the manufacture of
machine produced small arms. In particular we will ask whether

considerations of weapon manufacture were purely those of

military performance, or if cost and engineering efficiency took
precedence. These questions will be pursued in the study of how

new weapons were designed, tested and selected for the armed

forces.,

In modern methods of machine production it is known that the
product designer will endeavour to use his knowledge of the -
manufacturiﬁg processes, consulting with other members of the
design and production teams. This ensures that the most cost
effective and efficient means of factﬁry output is achieved. The
approach 1is ad0ptea to make sure that the product can easily be
accommodated within the current production technology rather than
having the costly problem of adapting machinery or increasing the
labour content to facilitate manufacture. For example, paying
particular attention to such aspects as machine cycle times,
achievable component shape, material wastage and ease of assembly
can all have a beneficial effect on a product's profitability.
Designing a product with regard to available production processes

can often have advantages for quality by reducing the complexity

of inspection. The opportunity will be taken to examine the
methods of early weapon selection to see how widely the concept
of integrating design with ease of manufacture was understood or

even acknowledged. From these discoveries it will be shown that

although there were some engineers who understood and appreciated
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the benefits of designing a product for ease of manufacture, the
"Ordnance" procurement system and the method of new weapon
selection, was not conducive to incorporating such advantages
within the manufacturing process. In the case of the private gun

trade, most were small firms using labour intensive methods of
manufacture. The scale and short nature of military contracts

held little advantage for such enterprises. New small arms
selection was normally by open competition, when weapon
performance and price were the criteria for acceptance, not ease
of manufacture. These aspects will be fully discussed within the
context of the thesis and examples of military weapon trials will
be investigéted to discover what were the specific priorities

governing acceptance.

Intertwined with all the various strands of technology,
development, innovation and diffusion 1s the use of the artisan's
skills and how they may have been affected, changed, improved or
diminished by the advance of machine intensive methods of
production. These aspects will be addressed within the overall
framework of the thesis, firstly to understand what if any were
the effects of increased amounts of mechanisation upon the
workforce and secondly to discover if changes occurred in the

organisational and reporting structure due to the growth in

machine tool numbers.

When looking retrospectively from the twentieth century iF can be
seen that the Royal Small Arms Factory (RSAF) played a prominent
role in the field of small arms development. A considerable

number of well preserved artefacts remain to support this
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observation. Examples can be seen, though not always examined, in
collections of several museums and within the Pattern Room of the
Ministry of Defence, Nottingham. These help to further our

knowledge.

With a view to learning more about the integration of artisin
skills with the coming of the new machine technology,
negotiations were undertaken with the Ministry of Defence (MOD),
Nottingham from which it became possible to examine in detail a
small number of gun lock tumblers removed from complete weapons
within the prodigious collection held in the Pattern Room. The
tumblers were taken from sample small arms which were selected
by the Custodian who ensured that the parts under examination
were manufactured before and after the installation of American
machine tools at Enfield Lock in circa 1856. In this way it was
hoped that the tumblers, an intricate part of the lock to -
produce, would provide evidence of early manufacturing
tedhniques. While the number of samples was limited to three, it
was possible to detect variations between the early and later
examples. With the cooperation of an MOD weapons expert and two

time-served retired engineers from the Royal Small Arms Factory,
Enfield Lock, a physical examination of gun lock tumblers was
undertaken to look for evidence of hand finishing and to

generally interpret the markings left on the metal.

Robert Gordon in the United States has carried out an in depth
physical study of how early and mid 19th century tumblers were
manufactured. From his study he has been able to conclude from

the different tool marks found on this key component together
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with an analytical examination of the documentary evidence from
‘the Springfield National Armoury, that the hand skills of
artisans, rather than becoming diminished with the introduction
of machine tools as suggested by some contemporary writers like
Felicia Deyrup, actually remained for much longer than had
previously been thought. .2. The evidence obtained from examining
the British tumblers will be compared with Gordon's work to see

if the conclusions he reaches in relation to machine finishing

and hand labour can be supported. Through the independent
examination of the Nottingham tumblers and discussions with the
time-served engineers, it will be shown that a better
understanding has been gained of the production techniques in

operation at the time the parts were manufactured.

The expert opinions offered by these men has helped to account
for differences observed between the samples. These and other
observations when analysed in the context of British 19th century
inspection criteria, has called into question the strictness of
"Ordnance" viewing standards. The physical exercise of examining
these components has caused the writer to reassess what actually
passed for mid 19th century weapon part interchangeability,
rather than accept at face value the several written accounts. By
commentators loosely using the term interchangeability, without
trying to discover if there were or were not acceptable tolerance

spreads within which the parts could still be effectively used, a

gap has been left in our knowledge.

Once "Ordnance" accepted the necessity of mechanising military
weapon manufacture by the middle of the century and the new

American machinery was seen to be working successfully at
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Enfield, the RSAF became a model production facility acting as an
example for others to follow. This period will be examined for
evidence of technoloéy transfer which embraces both inward and
outward technological diffusion; in modern parlance "spin in" and

"spin out"”.

Much of what has been written about the development of the RSAF
.has tended to concentrate on the period post 1850 and the
dramatic changes to production caused by the installation of the
American machine tools. Therefore, in concluding the thesis it
will be necessary to assess the factors which determined the
direction and route taken by the RSAF, from a position of
relative obscurity during the early part of the century, to one

of high profile, achieving a reputation for technical excellence
by the late 1850s in the world of small arms manufacture.
However, to understand how the RSAF underwent this major
transformation and advanced to a position of considerable

eminence, it will be necessary to probe the mainly neglected

first half of the century to understand the key determining

factors.

Establishing the armoury at Enfield Lock

At this juncture in the introduction it is intended to set fhe

scene for the thesis by firstly familiarising the reader with the
early beginnings of the Royal Small Arms Factory at Enfield Lock
through a "thumb-nail" history, allowing a brief insight into the
way the site developed during the first half of the century. This
will be accompanied with an outline of the issues surrounding the

small arms industry which were occurring as the century
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progressed. It is believed that this approach will quickly
establish in the reader's mind the relationship between the

various themes under discussion in the following chapters and the

periods to which they relate.

The construction of the "Ordnance" small arms factory beside the
River lLea at Enfield Lock, on the Essex and Middlesex borders,
came about through a British Government initiative. Action to
proceed with construction had been provoked by what the Board of
Ordnance regarded as the failure of the private gun trade to
provide sufficient quantities ofweaﬁéns for the Army during the
period of the Napoleonic Wars. By 1816 the factory and houses for
the workmen and their families had been completed. Also during
this year the barrel branch from the Royal Manufactory at

Lewisham was incorporated into the site as water power for the
south London armoury began to fail. The lock and finishing
sections from Lewisham were integrated later, adding to the
site's gradual expansion. However, it was not until some forty
vears of relative peace, after commencement of the Crimean War,
that major building and equipping of the Royal Small Arms Factory
(as it was later to become known) took place, providing the
capability of producing large quantities of weapons by
standardised methods of machine manufacture. Up until the middle
of the century the factory acted largely as a research and
development establishment, a repair facility and a small weapon
assembly and modification shop. Because of the expertise of the

workforce, the establishment was also used to monitor the price

and quality of finished parts and weapons manufactured by the
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private contractors for "Ordnance".

Despite the initiative taken by Government to control and secure
regular supplies of military small arms by constructing the
factory at Enfield Lock, it was over four decades before the
armed forces were able to derive real benefit of quality arms 1in
quantity from this plant. The circumstances which were
responsible for this somewhat ironic situation provide an
interesting study, and form a major part of this thesis. Here the
reasons will be discussed why the private sector was still
producing and providing the bulk of military small arms up until

-

circa 1857. We will examine the paths of both the private and

public sectors of the British military gun trade during this
period and show how the industry had to go through a prolonged

and painful evolution before it could be claimed that weapons
were manufactured in reasonable quantities to a consistent and

reliable standard.

Reviewing _small arms provision at mid-century

In October 1853, Mr (later Sir) John Anderson, the chief engineer
of the Royal Arsenal at Woolwich, was sent to Enfield and

instructed to find out whether the factory was capable of
manufacturing bayonets by machinery. Following his visit Anderson
issued a report to which the official response of "Ordnance" was
to appoint a Committee to consider the whole question of small
arms provision for Her Majesty's Service. Lieutenant Colonel

Alexander Tulloh, Royal Artillery, Inspector of the Royal

Carriage Factory at Woolwich, and Colonel James Archibald

Chalmer, R.A., Inspector of Artillery, reported to the Committee
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making the following observations:-

It appears that the system hitherto adopted to procure small
arms is so heterogeneous in its character, that it could not
fail to produce considerable difficulties. The Government
establishment at Enfield Lock is comparatively small and of a
mixed nature, some parts of the work being performed by the
establishment, some by contractors; many of the lathes and
tools are the property of the workmen; others belonging to the
establishment. The men possessing lathes hire them out to
other men.

The establishment at Enfield Lock being small, and forming

part of the heterogeneous system, is unable to hold that
check or control over the contractors to prevent exorbitant
demands and serious delays.

The principal part of the gun trade upon which the Government
mainly depends for supply in case of emergency, is carried on
in Birmingham and London, by men working by hand in wretched
cellars and garrets, and great evil arises from the slowness
of manufacture. .3.

It will be gathered from these findings that the Committee had

reinforced the image, already held by "Ordnance", that the small
arms industry in Britain was in rather a perilous state. This
would appear especially true if one considers the imperial role
of Britain in the 19th century with the need to police her far
flung Empire. Furthermore, for a nation which had been at the
heartwof the industrial revolution it must have been extremely
embarrassing for Government to witness senior "Ordnance" officers
being forced to purchase quantities of arms from continental
manufacturers in times of conflict. Having to go abroad to find
ways of bridging the gaps brought about by recurring delays to

small arms contracts was clearly an unsatisfactory state of

affairs for a proud nation.

Further scorn was heaped upon the private gun trade when Sir
Thomas Hastings, the Ordnance Principal Storekeeper, read out in

evidence to the Committee some of the written excuses given by
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contractors for delays. These were:- strikes amongst the workmen,
accident to machinery, illness of a skilled artisan and
difficulty in procuring coal. It would seem there was little

sympathy with the contractor's reasons as Lord Raglan, the Master

General of Ordnance, and Sir Thomas Hastings had already formed

the view that "Ordnance" should take control of small arms

manufacture when they stated:-
... they had been guided in their opinion partly by the report
of the Commissioners who, during the last year, visited the
manufactories of the United States, and partly from
communications with Mr Anderson and other persons conversant

. with machinery. .4.
Reading the report, and considering the evidence from the
Committee's point of view, it would be difficult to see how they

could have reached any other conclusion than that the Board of

Ordnance should assume overall responsibility for military small
arms manufacture. During the previous three years "Ordnance" had
complained of worsening arms deliveries and the commencement of

war in the Crimea had increased pressure for a radical review of
procurement. .5. Again, it was the sad experience of the British
armed forces to be deprived of sufficient quantities of reliable

weapons in time of war and once more "Ordnance" had to turn to

the independent gun trade for supplies.

The private sector, for reasons which will be explained later in

the thesis, had not modernised its method of manufacture and did
not do so until well into the second half of the century. Up

until then it still relied heavily on traditional manual skills
particularly in the production of locks and stocks.

Paradoxically, some elements of barrel manufacture had been
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mechanised quite early in the century. This was found necessary
due to the relatively high reject rate at proof, caused in the
maiq'by poor quality iron. However, it was not until the
independent gun trade's hand had been forced by competition from

the new Government factory at Enfield Lock, that a group of
private contractors decided to set up the Birmingham Small Arms
Company (BSA). Further pressure for radical change was heaped
upon the private sector when it became "Ordnance" policy to place
contracts only for*weapoﬁs manufactured with interchangeable

parts.

However, to improve our understanding of the British military gun
trade in the middle of the century it will be necessary to

examine the events and influencing factors which occurred during

the first part.

The influence of George lovell

George Lovell was appointed Storekeeper at Enfield Lock on lst
April 1816. The date coincided with the barrel branch being moved

from Lewisham. Most students of the history of the RSAF agree
that it was Lovell more than any other individual who, with his
expertise and dedication, laid the foundations and set the bench
marks for quality. and reliability which were to become synonymous

with the RSAF in later years.

Lovell was determined to improve the tolerance standards of
weapons and piece parts delivered to "Ordnance" by the private
contractors. In 1833, equipped with a new micrometer he was able
to ascertain that the instruments used for measuring the bores of

barrels varied befween 0.752 and 0.760 of an inch. He therefore
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set the standard at 0.754 of an inch, a measurement which would

be adhered to in the future. .6. From 20th century experience it
is known that increased levels of accuracy will call for greater
standards of skill and improved manufacturing techniques if high
rejection rates are to be avoided. Refinements of this sort can
lead to a short term decrease in manufacturing output, accounting
. for a reduction in profit margins. Therefore, it is
understandable that Lovell's demands for tolerances to a
thousandth of an inch brought considerable criticism from the
private "Ordnance" contractors. One anonymous observer, unhappy
with the new imposed standards, called Lovell "a cabinet or
bedstead maker by trade". Going on, this figure criticized the
strictness imposed by the "Ordnance" viewers which led "to a

litigious vexatious nicety of gauging, and finished appearance
unknown in the highest finished fowling pieces". He described as
absurd "the principle of exact jigging, gauging, moulding and
other fantastic accuracies". .7. The consequence of "Ordnance"'
imposing strict inspection and quality standards form part of the

complex character of the British small arms industry and

illustrate the somewhat precarious nature of the military gun

trade. These issues will be fully addressed later in the thesis.

Lovell's problems did not subside after his appointment to
Inspector of Small Arms, the most influential position 1in all
aspects of military weapon design, manufacture, and procurement
below that of the Master General of Ordnance. If anything, the

personal attacks increased and considerable controversy was to

surround his later years. The reasons for this will be addressed
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in chapters five and six.

"Ordnance" dilemma

It is clear from the many written accounts of the British gun
trade in the period to the middle of the century that production

was essentially fragmented, being split mainly between the London
and Birmingham private gqunmakers. The industry suffered from the
lack of demand for arms after 1815 when military conflict with
France ceased. Government's apparent reluctance to initiate a
policy of major intervention into the arms industry was primarily
due to the private gun trade's successful lobby of Parliament and
in part due to the strong influence of the Duke of Wellington

who, as Commander in Chief of the Army, believed that the quality

of arms themselves needed no improvement. It was only the degree
and extent of the troop's instruction in their use that needed

to be improved. .8. In addition, the contract system operated by
the Board of Ordnance, with its poor technical support and the
withholding of gauges and patterns to the contractors, had helped
create supply and price difficultieé for military weapons,
deepening the impression that the private sector was incapable of
meeting the reasonable demands of its customer. These were just

some of the issues facing both "Ordnance" and the private gun

trade as the middle of the century approached.

Delaying change
By 1854 the Board of Ordnance had received reports both from the

Commission to America led by Lt. Colonel Burn in that year and
from Joseph Whitworth in the previous year, detailing the reality

that the government armouries in the United States were employing
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large amounts of machinery in the manufacture of rifles. The
level of mechanisation was reported as being particularly
advanced in the operations of forming, shaping, and fitting out
gun stocks, formerly considered a highly labour intensive part of
the gun manufacturing process. It was not as if the American
Government had kept the technology a secret, for machinery
capable of making 130 to 160 gun stocks per day had been offered
to the Board of Ordnance by an American agent Samuel Cox as early
as 1841. As is well known, the technology for manufacturing large
scale irreqular and complex shapes in wood had existed in Britain
since the early part of the century. Less than one hundred miles
from Enfield, in the Portsmouth dockyards, the relatively
complicated ship's pulley block had been manufactured for the

Navy on a sequence of machines invented by Marc Isambard Brunel
and built by Henrj Maudslay, the eminent London engineer.

Maudslay's workshops were located within one hour's travel from
Enfield, so it is hard to imagine that "Ordnance" management were
ignorant of the available manufacturing technology, especially as
it was the Admiralty, another branch of Government, which had
been responsible for financing the Portsmouth factory. .9.
However, the process seems not to have been adopted in Britain
for the purpose of manufacturing gun stocks although there 1is
evidence to suggest that the principles upon which the Portsmouth
machinery was based were probably taken up by American machine
tool inventors like Blanchard and the ideas incorporated into
their own designs, these finding their way back to England later
in the century. These aséects of technology transfer will be

discussed in a separate chapter.
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The Great Exhibition of 1851 in London's Hyde Park allowed a
wide body of "Ordnance" experts and private gun contractors as
well as members of the public to witness the advances made by
American manufacturers and engineers in production technology.
Robbins and Lawrence, an American company, sent six U.S. Army
rifles for display and demonstration, all manufactured with
parts that interchanged. Samuel Colt exhibited his revolvers,
which he claimed were made almost entirely by machinery and
having parts that were interchangeable. .10. What is interesting

about these two American companies employing high levels of
machinery in the manufacture of their products was that they were

both in the private sector and producing weapons for the United
States Government, setting them quite apart from their labour
intensive British counterparts. It would therefore seem
reasonable to speculate that there must have been compelling
reasons for their adopting the approach of investing in high
levels of capital equipment, while in the main their British
equivalents appear to have resisted mechanisation. For this

reluctance to have existed for so long in Britain, would seem to

indicate that strong and powerful forces were at play.

The reasons which prompted these transatlantic 'differences will

be addressed in the thesis.

Grasping the nettle

When the second Commission was sent to America in 1854 led by
Lt. Colonel Burn R.A, it had been given quite specific
instructions to inspect the different gun factories and to

purchase such machinery and equipment as found necessary for the
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proposed new factory at Enfield. This was quite a different
approach to that of the Commission of 1853 which included Joseph
Whitworth (later Sir) the distinquished engineer. Whitworth did

not go to America expressly to view the gun manufacturers as
might be implied by reading some accounts of the visit. Initially
he went to attend the New York Industrial Exhibition. This would
seem to indicate that in less than a year, the procurement of
small arms for the British army and navy had reached an extremely
critical state. Accompanied by George Wallis, Headmaster of the
Birmingham School of Art, Whitworth appears to have taken it upon
himself to have altered his itinerary, as it is suggested "...and
while there they extended their enquiries by visiting several
establishments, among others the Government Arms Factory at
Springfield". .11. This observation is further substantiated in
Whitworth's evidence to the 1854 Select Committee when he stated
"«s«.that he had not been specially directed to inspect the
manufactories of fire-arms, and had not therefore given the close

attention to the subject which he would have done if he had

foreseen the present inquiry”. .12.

The introduction to the 1854 Committee on Machinery's 87 page
report sets out their terms of reference and provides an insight
into some of the circumstances which helped bring about a marked
change of direction by "Ordnance". The reasons which were
e?entually to cause "Ordnance" to take on the responsibility of
becoming a major manufacturer of military small arms can be seen
from the following extract of the report.

Owing to the delays constantly recurring in the fulfilment
of contracts for arms, the high price demanded by contractors,
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and the inconvenience occasioned to the Service by these
causes, the Honourable Board of Ordnance, towards the end of
the year 1853, considered it advisable, in order to secure a
reqgular supply of them, to take this branch of manufacture
into their own hands, and erect a Government establishment
capable of producing muskets in large numbers, and at a
moderate price by the introduction of machinery into every
part of the manufacturing where it was applicable... Having
caused a plan of the building they proposed to erect to be
drawn out,... set to work as speedily as possible; and hearing
from Mr Whitworth and others that machinery was extensively
applled to this branch of manufacture in the United States of
America, where, on account of the high price of labour, the
whole energy of people is directed to improving and inventing
1abour-saVLng machinery, the Honourable Board consider it
advisable to send over to that country some of their officers,
with a view to obtaining every information in their power
connected with the manufacture of arms as there conducted, and
with the power of buying such machinery as they might con51der
would be more productive than that used in England for similar
purposes. .13.

The second Commission to America placed contracts for machine
tools with Robbins & Lawrence of Windsor, Vermont, and the Ames
Manufacturing Company, Chicopee, Massachusetts. This latter
company produced machinery for fashioning gun stocks, bedding
the barrel, and letting in the lock. The machinery proved to be
so efficient and reliable that when writing the history of the
Royal Small‘Arms Factory in circa 1930, G H Roberts, the then

Superintendent, proudly wrote:-

It is interesting to note that several of the woodworking
machines supplied by the Ames Co. are still in use today and
giving good service, in fact one well known Firm of English
machinists recently declared that even today they could not
improve upon the American machines in the matter of output
etc. .14.

Roberts commented further:-

As regards Messrs. Robbins & Lawrence machines, a small
Horizontal Milling Machine of their make, probably one of the
last of the plant supplied by them, has been scrapped within
the last year or two, although it has not been worked for some

time. .15.
It can be concluded from the report made by the Commission after

visiting the U.S. Armoury at Springfield, that their decision to
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place orders for what must be considered a substantial quantity
of machinery was influenced by at least two important factors.
One, that a complete gun stock could be made on a sequenced

operation of forming machinery and two, the ability of a workman

to randomly assemble arms from parts taken from weapons which had
been manufactured over a ten year period. The Commission was also
.successful in arranging for James H Burton, former Master
Armourer of Harpers Ferry, to be brought to England on a 5 year

contract to oversee the installation and the commissioning of the

machinery at Enfield Lock. .16.

Enfield comes of age

The years 1855 to 1859 saw the rapid expansion of building at
Enfield Lock. Construction work was carried out by the Royal
Engineers under the supervision of Captain Thomas Bernard
Collison, R.E. During this period the large machine room was
completed specifically to house the new machinery, much of which
was purchased in America by the 1854 Commission. The plant was

designed for an estimaﬁed annual production of 130,000 muskets
and bayonets. In these early years, although expenditure on land,
buildings, machinery, and gas works amounted to £315,000, the
success of the plant was such that, according to Roberts, by 1862
this sum together with depreciation of £48,000 was said to have

been entirely repaid by the reduced cost of production.

Before 1861 the enerqgy source for the Enfield manufactory had
been water taken from the River Lea to drive two 18 foot diameter
cast iron water wheels, each having an estimated output of 46

horse power. The design of the drive, which did not incorporate
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governors, was reported to have made the outputs very irregular.
The main function of the water wheels was to run the barrel
grinding shop which according to reports continued with this

power source until 1887. Remarkably, the traditional grit
grindstone remained in use much longer, not being finally

discontinued until circa 1926. .17.

In 1852 a new barrel rolling plant was installed and by 1853
Roberts suggests that the factory capacity had been increased to
accommodate 50,000 muskets and 3,000 swords per annum. Prior to
this, and using only an average of 25 ﬂorse power before steam
was introduéed, it was claimed that the production rate of the
Enfield factory had been in the order of 7,000 small arms and
1,500 swords annually. .18. However, Tim Putnam when referring to

George Lovell suggests that "the number of complete weapons in

his period never approached that figure". .19. This is based on
evidence that Enfield took in parts from sub-contractors for
setting-up into arms, which would tend to reduce the claim of the

overall number of weapons completely manufactured on site.

In the year ending 30th June 1860 the output of rifles alone had

increased to 90,707, an average of 1,744 per week, later to go
up to 1,900. By the year 1861 1,700 men were employed at the
plant and it is recorded that the large machine room was driven
by two 40 horse power steam engines with Fairbairn expansion
gear, while in the barrel mill a 70 horse power steam engine was

employed along with the existing water wheels. .20.

It would therefore seem that one can proclaim with confidence
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that by the late 1850s the "American system of manufactures" (as
it has popularly become known), had truly arrived at Enfield and
was se;n to be working. The private gun trade had yet to respond
to the challenge of producing military weapons with standardised

and interchangeable parts by the extensive use of machine tools.

In this introductory chapter a number of themes and issues have
been highlighted which will be investigated in individual
sections of the thesis. One in particular concerns the role of
the Inspector of Small Arms, George Lovell and his relationship
with the private qun trade when acting as the interface between
them and "Ordnance". As it will be revealed it is Lovell's |

influence, more than any other individual, which has helped to

mould the shape of the future British:-small arms industry.

While there are issues of standardisation and flexibility arising

from the installation of the American machine tools at Enfield

Lock, there are also aspects of "Ordnance" weapon selection which
need to be evaluated in the context of engineering efficiency.
All these points will be discussed and analysed together with the

effects, problems and advantages of the new machine technology

for both the Board of Ordnance and the British independent gun

trade.

Note.

Due to the complexity of the subject under investigation and the
many different influencing strands, the individual chapters will
address the major issues separately. To assist continuity and to
reinforce the debate, the opportunity is taken throughout the

thesis to repeat certain important themes, issues and events.



e2.

.3-

I5I'
I6'I

N

.10,

.11.

26

Ames, Edward & Rosenberg, Nathan, "The Enfield Arsenal in

Theory and History", The Economic Journal, December 1968
pp.841-842

Gordon, Robert B, "Who Turned the Mechanical Ideal into

Mechanical Reality?", Technology & Culture, Vol.29, No.4
(October 1988) pp.744-778

Cottesloe, Colonel Lord CB, "Notes on the History of the
Royal Small Arms Factory, Enfield Lock", Army Historical

Research, Volume 12, (undated, probably ¢1932), pp.200-

201

Commons, May 1854, (184. 251), p.2
Ibid., p.1 |

Blackmore, Howard L, "Military Gun Manufacturing In
London and the Adoption Of Interchangeability", Arms
Collecting, Vol.29, No.4 (November 1991) pp.116-118

Ibid., pp.116-118

It is worth noting that George Lovell, the first
Storekeeper at the RSAF, should not be confused with
Frederick Lovell, his brother, Clerk 1824, or Francis
George Lovell, his son, Assistant Inspector of Small Arms

}843. Robert Lovell another son also worked in the
industry.

Calling Lovell a "bedstead maker", probably refers to the
late 1820s when, to keep the Enfield factory working,
Lovell took on all kinds of jobs, including making
bedsteads. See Tim Putnam & Dan Weinbren, "A Short

History of the Royal Small Arms Factory Enfield",
Middlesex University, (1992) p.ll

Bailey, De Witt,"George Lovell and The Growth of the RSAF
Enfield", paper presented at an MA Day School,
Middlesex University, 4th July 1992, p.6

Op.cit., Blackmore, Howard L, pp.l117-118
Hubbard, Guy, "Development of Machine Tools in New

England," American Machinist, Vol. 60, No. 4, January
24th 1924. p.129

Gilbert, K R, "The Ames Recessing Machine: A Survivor Of

‘'The Original Enfield Rifle Machinery", Technology and

Culture, Vol.4, Part 2, 1963. pp.207-208. See also
Op.cit., G H Roberts, p.Cl3. Also see J Whitworth & G
Wallis, "The Industry of the United States in Machinery,
Manufacturers and Useful and Ornamental Arts", 1854.



27

.12, Op.cit., Select Committee on Small Arms 1954, 2165. 2177

.13. House of Lords Record Office, London.
Report of the Committee on the Machinery of the United

L B i L

States of America, Presented to the House of Commons, 1in
Pursuance of their Address of 10th July, 1855, p.547

.14. Op.cit., Roberts, p.Cl0
.15. Ibid., Roberts, p.Cl0
.16. Ibid., Roberts, p.Cl0

.17. Op.cit., Cottesloe, p.202. Also see Ibid., Roberts, G H,
p.ClO

.18. Op.cit., Roberts, p.C5

. «19, Putnam, Tim & Weinbfen, Dan, A Short History of the Royal
Small Arms Factory Enfield, Middlesex University,

(Enfield, 1992), p.141l. See also Roberts, G H, p.C5

.20, Op.cit., Roberfs, p.Cl2



THE GREAT MECHANISATION DEBATE

There has been much debate amongst economic historians and
historians of technology regarding the different speed of certain

technological developments between Britain and America in the

first half of the 19th century. It is agreed by most commentators
that Britain at the beginning of the century led the world in
innovative manufacturing machinery particularly in the processing
of cotton and the sequenced production of mass produced ship's
pulley blocks by dedicated machine tools. .l1. Somehow, as the
century progressed, these early initiatives appear to have been
lost to American engineers and entrepreneurs who developed and

enhanced the technology of self-acting machine tools and
standardisation. The area of manufacture chosen by most leading

commentators, and the one which best. illustrates how America
seemingly gained the initiative over Britain, was in the
production of standardised small arms with interchangeable parts.

This also includes the development of machine tools upon which

these small arms were made.

In general scholars have concentrated on the reasons for
America's rapid industrial progress from the start of the
century, rather than addressing in a systematic way the many
complex issues which influenced Britain's apparent technological
slow-down. Some of the popular assumptions imply an air of
contest, suggesting that fresh Yankee ingenuity was more in
keeping with the visionary advance of the New World, which was

leaving the more mature and sedate ways of the old country

behind. Although some historians have attempted to explain why
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British industry had not seemingly maintained its technological
advantage in the area of mechanised production by using such
arguments as material shortage and the abundance of cheap labour
which suppressed machine growth, they have failed to fully
explore the influence and effect upon the indigenous gun trade of

a military small arms procurement system operated by the Board of

Ordnance and its officers.

To commence the debate it is worth looking at the state of the
British small arms industry through the eyes of a mid 19th
century observer and frém.there investigate the various reasons
put forward by the more prominent commentators concerning the
technological development of small arms manufacture on both sides
of the Atlantic. We will concentrate on the reasons which
seemingly held the British small arms industry back during the
first part of the century, rather than those which gave their
American counterparts a technological lead in the field of

machine tools and mechanical interchangeability.

The _state of the British qun trade

In his presidential address to the Institute of Civil Engineers
in January 1868, Charles Hutton Gregory, speaking of the year

1852, stated that:-

.. .prior to this time the construction of firearms was really
carried out by small manufacturers, who each made only one
separate part, one for locks, one for barrels, one for
bayonets etc, the gunmaker being, in fact, little more than a
setter up; and the Government after obtaining by contract the
separate parts of the muskets, excepting barrels and some
small parts, from separate manufacturers put them together at
their own works at Enfield". .2.

Research has confirmed the picture of the gun trade prior to the

mid 1850s painted by Gregory but further investigation suggests
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that, as a result of a poorly operated Government arms
procurement system, the private sector suffered from

under-investment in capital equipment. It will be shown later in
the thesis that the private gun trade, which up until the middle
of the century had produced the lion's share of military small
arms, had been successful in preventing a major Government

intervention into its sector by maintaining pressure upon
Parliament. There is also evidence to suggest that, as late as

the latter part of the 1840's (at least on the surface),

"Ordnance", through the office of the Inspector of Small Arms,
was having second thoughts about its original intention of
becoming a major small arms manufacturer. That is not to say
"Ordnance" lacked the necessary skills to perform such a task, as

evidence confirms they were suitably experienced and equipped.
Previously in 1787 "Ordnance" had taken over the running of the
Waltham Abbey Gunpowder Mills to secure supplies of powder for

the army and navy and of course Woolwich Arsenal had been
successfully developed from its early roots in the 16th century
into a major military manufacturing and laboratory complex. By
the the beginning of the 19th century the Board of Ordnance had
become "... a large Department of State of considerable power and

influence, second only to the Treasury". .3.

From this experienced and prestigious position it would seem fair
to conclude that there must héve been powerful reasons why the
initial plan to produce military small arms in-house had not been
implemented on a large scale. This notion gives support to the

belief that the reasons why Government had taken almost half a
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century to adopt a major controlling stake in the manufacture of
military small arms are not straightforward issues and require
in-depth investigation. At first it does seem curious that the
British gun trade had taken so long to arrive at a position of
being apparently incapable of meeting the national demand for
military small arms, both in quality and quantity, by the start
of the Crimean conflict in 1853 (which Britain entered early in

1854). This appears particularly surprising when one considers

that it was the low state of weapon stocks in Britain two decades
before the start of the Napoleonic Wars which provoked the
Government to establish the armoury at Enfield. On this occasion
the Board of Ordnance considered the situation so serious that in
1779 J Colgate, an officer, was sent to supervise the setting-up
of 40,000 stand of arms in Liege. Léter Major General Miller was
dispatched to Liege and Hamburg to supervise the setting-up and
procurement of arms in the years 1794, 1795 and 1800. The
inability of the British qun trade to supply the needs of the
military had become so acute that by 1802 Lord Chatham was
publicly complaining that the craft of military fire-arm making

had virtually died out in England. .4.

If it is accepted that the main reason for establishing the
"Ordnance" factory at Enfield Lock in 1816 was to ensure that
British national interests and security would never again be put
at risk by a chronic lack of serviceable weapons, as it had been
at the time of the Napoleonic wars, then it would appear odd that
Government had seemingly not learned any lessons from thié

earlier arms shortage. Astonishingly, it was again the outbreak

of war, this time in the Crimea, that was to highlight the state
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of Britain's unpreparedness for major conflict, due once more to

the lack of serviceable military small arms. This would further
suggest that the question of the British Government adopting a
major manufacturing interest in the production of military small
arms was anything but a straightforward matter. Therefore,
explanations for what would appear to be a dilatory approach to
arms procurement are required if we are to gain an understanding
of the issues at stake. We have identified a number of factors
which accounted for the British Government remaining a relatively

minor manufacturer of military small arms for over half a

century, which will be analysed individually in Chapters Five and

Six.

The wider debate on growth of the U.K. and U.S. light industr

The reasons why the industries of America were thought to be
generally in advance of those in Britain during the first half of
the nineteenth century has caused much discussion among economic
historians and historians of technology. Over the years a number
of hypotheses have been put forward as to why these differences
existed and how they had come about. The economic historian
H.J.Habakkuk has suggestéd that both Britain and America had

similar opportunities to design and install new manufacturing
equipment. He goes on to pose the question "how far the rapidity
of American mechanisation was due to the stimulating effect of
bottle-necks, and in particular to a scarcity of labour"? .5. .
Here Habakkuk suggests, in simple terms, that due to the shortage
of labour American industry was forced to exploit machine

manufacturing methods. However, in his analysis of the situation,
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he expresses doubts about other commentators conclusions with
regard to the scarce labour argument. For example, Habakkuk is
generally dismissive of the explanations and observations for the
technical progress of American industry given by the respected
Victorian engineer Joseph Whitworth after he had visited the
United States in 1853. Whitworth had commented "The labouring
classes are comparatively few in number, but this 1is
counterbalanced by, and indeed may be regarded as one of the

chief causes of, the eagerness in which they call in the aid of

machinery in almost every department of industry". .6. Similarly
Habakkuk is unconvinced by the report of the "Committee on the
Machinery of America", published in 1855, when it was suggested
that the speed of mechanisation in America was provoked by the
scarcity and high cost of labour. .7. Henry Pelling is treated in
a like manner when he argued that American industry's rapid
expansion into labour-saving machinery was caused by a geﬂeral
shortage of labour. .8. While Habakkuk initially seems to have
some sympathy for Erwin Rothbarth, who has added to the debate
when he argued "to attract labour the industrial wage had to be
sufficiently high to prevent an effective alternative to the
independent cultivation of land; and such a wage could only be
paid if the American industrialist raised the productivity of
labour by installing labour-saving machinery", in general he
finds difficulty with this view also. .9. Habakkuk therefore asks
what appears to be a very pertinent question, "If it paid
American entrepreneurs to replace expensive American labour by

machines made by expensive American labour, why did it not pay

English entrepreneurs to replace the cheaper English labour by
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machines made with cheaper labour"? .10.

In addressing Habakkuk's question in relation to the British gun
trade, there would appear to be a major fundamental difference
between the way the small arms industries had evolved on either
side of the Atlantic. In Britain, the small arms ihdustry grew
from a collection of modest sized gun makers over a period of
several hundred years. For example the village of Birmingham by
the middle of the sixteenth century was becoming known as a
manufacturing centre, and it is recorded "many Smiths, Lorimers,
Naylers and Cutlers" were to be found there at the time. Although
1603 has been suggested to mark the establishment of the
Birmingham gun trade, the exact date when the industry became a
separate branch of manufacture has not been exactly determined.
.11. Pollard has listed more than thirteen hundred gun makers as
opposed to merchants, most of them being grouped around London
and Birmingham. .12. By the nineteenth century, the British
Government, in the main, relied for its supply of military
weapons on these small heterogeneous gun-smiths and out-work
artisans. As research has shown, up to the middle of the

nineteenth century the Government-owned part of the small arms
industry was not capable of large scale production. The reasons
for this will be discussed later in the thesis, where it will be
revealed that "Ordnance" had not been able to expand small arms
production from its own factory at Enfield, owing to the
continued pressure upon Government by the independent gun makers.

Due mainly to the uncertain nature of the contract system
operated by "Ordnance" (to be discussed in Chapter Five), the

private gun makers had resisted the installation of high cost
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capital equipment, particularly in the manufacture of locks and
stocks, relying chiefly on the plentiful reserve of cheap labour.
In summary, the British gun trade had reached the middle of the

19th century still largely rooted in the craft based practices of

the past.

However, in the New World the American small arms industry did
not have the luxury of time to experience the same evolutionary
development as in Britain. In a way, by being a young country and
a comparatively late industrial starter, American entrepreneurs
could benefit from machine tool and other technological
developmenfé which had already become established in Britain and
on the Continent, not necessarily in the small arms industry. In
essence, it could be said that American industrialists had gained

an advantage over their British counterparts by leap-frogging a

large section of the technical evolutionary process. Often a
pioneering development can bring disadvantages for the host
country or company. This can happenﬁhen a competitor is able to
capitalise on the latér avallability of the often cheaper "off
the shelf" technology which has effectively allowed him to avoid

the research and development costs.

Using a 20th century technological example as an illustration,
Britain, in 1936, was the first country in the world to have a
television public broadcasting service (405 line system). After
the second world war improved television systems (625 line) were
developed outside of Britain which were incompatible with United
Kingdom standards, making it impossible for British manufacturers

to export their indigenous product. Therefore, the home system
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rapidly became obsolete. .13. Hence, it is not always
economically beneficial to be first in the field with a
particular product or leading edge technology. In this particular
example other countries were able to benefit from the pre-war
television technology developed in Britain, adopting later and
more advanced know-how in the post war period, free from dated
technical constraints. In a similar way the American small arms
industry had the advantage over its British counterpart in the
time-scale of technical development. American weapon
manufacturers had not been constrained .-by a traditional
heterogeneous labour intensive small arms industry which had the
ability to bring political pressure upon Government to maintain
the status-quo. As it will be seen later in the thesis, the
relationship between American machine tool and small arms

manufacturers and their government was quite different from that

of British manufacturers and "Ordnance".

There was of course a possible benefit for American industry in
having a large influx of emigrant labour. These people coming
from the 0ld World were looking for fresh opportunities and
fortune in the new. Because they sought advancement for
themselves and their families 1t is conceivable they would have
been more amenable to change. This being the case, it is likely
the new arrivals would have been willing to adopt a flexible
approach to working with machinery which demanded a division of
labour and in general did not require high levels of skill. It

has been supposed that to the emigrant who had just entered the

country and was eager to learn, machine intensive production
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would have distinct advantages for those who wished to establish

themselves in work quickly. .14.

There 1s certainly evidence that because of the long craft based
tradition, the British artisan did not welcome the notion of
change which he saw as depriving him of a livelihood through the
introduction of machines and this had to be resisted. Neither was
the suggestion that new self-acting machinery be introduced
welcomed by all the gun makers. Several of these men had come
from family concerns and inherited the skills and status handed
down by their forefathers. .15. These men were proud of their
heritage and many were of the opinion that any move towards
developing a machine based system of manufacture would not lead
to improvements in the quality of the weapon and would eventually
be detrimental to.their trade. Indeed, we have encountered
similar strongly held views even today, when conducting
interviews with skilled gun makers within the private sector.
There is also a considerable amount of evidence to be found in
several 19th century Select Committee reports of the widespread
belief that machines could not replace people. No doubt some who
gave evidence were arquing from a protectionist stand-point,
although there were others who could be regarded as artists in
wood and metal who genuinely believed manual skills could not be

bettered.

As already suggested, there was considerable reluctance amongst
the small gun-masters to mechanise, there being little incentive
to invest in costly capital equipment. Their unwillingness had

chiefly resulted from the short term and intermittent nature of
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the contract system as operated by the Board of Ordnance. .16.
Any financial advantage which might have been gained from the
installation of new plant and machinery to produce standardised
'parts could not sensibly be justified in the short term. A
system, of manufacture which would cut weapon assembly times
thereby reducing the necessity for skilled hand finishing, would
no doubt have been off-set by the high capital cost of the

equipment. From the position of the small producer there was

little to be gained from an "Ordnance" procurement system which
could not guarantee continuity or reqularity of orders.
Furthermore, i1f any new machinery was to be maximised to the full
by encouraging the manufacture of standard products, then the
private sector would lose the flexibility to produce a range of

non-standard weapons to satisfy the varied requirements of their

long standing customers which was a major traditional advantage.

From the available evidence, there would appear to be no dispute
between economic historians and historians of technology. They
agree that American light engineering industry by the middle of
the nineteenth century was considerably ahead of its British
counterpart in the application of machinery to the production of
small arﬁs. Where there is not general agreemept is on the answer
to the question, why this should be?. The matter is probably best
summed up by Ames and Rosenberqg in their article "The Enfield
Arsenal in Theory and History" when they state:-

The central issue in the historical literature on technical
change in the nineteenth century seems to be this: Americans
clearly led the British in the adoption of many machine
methods of production. If this precedence is not simply
"Yankee ingenuity" working in a void it must reflect such
economic factors as resource endowment, the structure of the
labour force, the structure of prices and the nature of
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consumer tastes. The simpler techniques of analysis reveal
that several variables must be considered simultaneously. The
working historian will naturally wish to keep his explanation
as simple as he can. .17.

While this latter advice would appear eminently sensible, the

task of analysis has not been made easier by the endeavours of
many commentators who have wrestled with the subject in the hope
of making a decisive break-through. A scholarly attempt by
Eugene S. Ferquson to examine the differences in manufacturing
technology between America and Britain by drawing together the
writiﬁgs of many technological, economic and social historians
clearly demonstrates that the subject under discussion is highly
complex with many influencing strands. .18. This suggests that
the debate is set to continue for some time unless new evidence
can be found to explain the reasons behind Britain's 19th

century technological pause.

A different approach
From the early part of the 19th century the American National

Armouries had experimented and developed techniques to

standardise the manufacture of small arms by machine methods,
while in Britain within the private sector there was resistance
to change from a traditional labour intensive system which had
been in operation for several hundred years; However, in America
the government had taken the initiative to encourage small arms
production by machinery, even going as far as to invite public

sector engineers and entrepreneurs to develop their ideas within

the confines of the national armouries. .19. In Britain this
approach was not followed and was effectively discouraged.

Differences in the Government's approach to manufacturing between
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the two countries are most graphically illustrated in the
production of the gun stock, the first major musket component of
complexity which American engineers were able to produce
successfully by machine methods in a standard form. The
progression to the eventual development of the second generation
of sequenced self acting machines took many years to perfect, and
it is argquable, that without the active encouragement and support
of the American Government, the programme would at best have been

delayed and at worst not commenced.

Professor Arthur Marwick, amongst others, has argued that the
early 19th century development of machine intensive production by
American industrialists and engineers followed from the demand

for arms as a result of the rapidly expanding frontier. .20. Yet
pressures to move from labour intensive small arms production

would seem to have been just as great for the British Government.
Early in the century Britain was committed to a large scale
military role, the war with France, and there was of course the
constant discipline of policing her widely spread Empire.
Therefore, in the face of this large scale requirement for
weapons, Marwick's arqgument does not explain the reasons why
British small arms manufacturers apparently favoured labour

intensive methods of weapon production.

It will be recalled that a diséarity in wage rates has been
suggested to account for the differences in the speed and scale
of manufacturing development between Britain and the United
States. In America high wages were paid to ensure the scarce

resource of labour.was drawn toward industry rather than enticed
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to purchase cheap land. This, it is arqued helped contain costs
by stimulating the growth of machine intensive production.

Further factors making American labour scarce and expensive were

sald to be the sparsity of the population and the high cost of

transport. In contrast, the industrial towns of Britain were
situated next to densely populated areas where the poor lived, so
advantage could be taken of this cheap and plentiful resource. It
is reasonable to assume that cheap labour helped sustain the
sub-contracting element of the independent gqun trade, giving it a
cost competitive edge over the generous terms and conditions
enjoyed by those working in government industries. .21. This
might expléin in part the reluctance of British small arms
manufacturers to pursue capital intensive programmes, but it does
not go far enough. However, if Habakkuk is correct in his

abundance of cheap labour hypothesis, suggesting that British
manufactures should have been able to build machine tools more

cheaply than their American counterparts, it would seem to imply
that powerful reasons were preventiné this plentiful resource

from being used in the machine branch of engineering. .22.

Nathan Rosenberg has contributed to the debate by arguing that
British industry was technologically ahead of America in the
eighteenth and early nineteenth centuries, because of the ﬁeed
to seek and develop alternatives to the diminishing supply of
wood as a fuel and raw material. He suggests that America,
unlike Britain, had a rich abundance of forest products which
directly accounted for the way in which her technology advanced.
Making the point quite succinctly he states:-

Whereas much of Britain's early industrialization should be
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understood as a deliberate attempt to overcome the constraints

imposed by the_d?pendence upon organic materials, Americans
possessed no similar inducement. In fact, a key to much of

early American industrialization - certainly until at least
the middle of the nineteenth century - should be understood in
terms of technology specifically geared to the intensive
exploitation of natural resources which existed in
considerable abundance relative to capital and labor. This
background information is critical to the explanation of the
fact that, in spite of America's late industrial start as
compared to Britain, she quickly established a worldwide
leadership in the design, production, and exploitation of
woodworking machinery. .23.

Rosenberg's abundant natural resource arqument may go some way
towards exPlaining‘why American manufacturers developed and
exploited machinery but, like the other arguments, it does not
fully explain why British manufacturefé, who after all possessed
knowledge through earlier industrial innovation, did not seek to

exploit machine intensive methods by further making "... a
deliberate attempt to overcome the constraints imposed by the
dependence upon organic materials';..“. For example the
mechanisation of gun stock production did not occur in Britain
until American machinery was imported and installed at the Royal
Small Arms Factory, at Enfield Lock,.in the mid 1850s. While it

was known that the application of wood-working machinery was
generally more wasteful of the scarce raw material than the
employment of skilled hand labour, there is no evidence to
suggest that this was ever used as an excuse for British small
arms manufacturers to deliberately reject the introduction of
machine tools. As Rosenberg and others have arqgued, it was
British manufacturers who were ahead at the beginning of the
century in mass production technology with the manufacture of
uniform parts. What has not been satisfactorily explained is how

the technology seemingly paused and why the future advantages



43
which could have been gained for British manufacturers were
allowed to be developed by their Americéﬁ counterparts, making
them leaders in the field of machine tool production. The final
irony was that the British Government was forced to purchase
large quantities of machine tools from America in 1854 and 1855

to equip the factory at Enfield Lock.

As research will show in the following chapter the powerful
reasons preventing the development of light engineering machine
tools in the U.K. was inter alia, associated with demand and the
reluctance of the largest customer, the Board of Ordnance under
the control of the British Government, to operate a contract #
system which would have given the private gun trade the incentive

to invest in capital equipment.

The notion that the ending of military conflict between Britain
and France after 1815 had somehow suppressed the need for a
complete overhaul of the way weapons were produced and acquired

for the armed forces cannot be accepted as a valid reason for the

seeming pause 1n the transfer of the new machine technology

(developed during the 18th and early 19th century) to Britain's
small arms industry. Given the perilous state of weapon stocks at
the time of the Napoleonic War, coupled with the long and deep
distrust of the French, it would seem unreasonable to believe
that the British Government would have left the defence of the

realm vulnerable for almost forty years. .24. This therefore

suggests that other powerful reasons existed which prevented the
Board of Ordnance pursuing its original plan to develop Enfield

as a key weapon supplier.
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While the private gun trade would appear to have had valid
reasons for not totally embracing mechanised production methods

- early 1in the century, any notion that industry as a whole had

rejected the new machine technology wholesale was patently not
true. As already pointed out by Rosenberg and others, in the
preceding period of the 18th century Britain had experienced the
start of the industrial revolution with the technological
advancement of the cotton industry from hand labour through
water to steam power, creating a boost for trade and expanding
opportunities for exports. .25. Consequently, it can be seen that

the British Government not only had the opportunity but.also
possessed the technology and the motive to develop, expand and

modernise the military side of her small arms industry. However,
it would appear that for some reason the motivation was lacking

and it is this particular aspect which requires investigation.

On the other side of the Atlantic, at about the same time as the
British Government was faced with the decision to improve its

methods of procurement of military weapons, it might be
concluded that there was no great urgency for the American
Government to build up weapon stocks. Once the 1812 to 1814
hostilities between Britain and America had ceased, it could

be arqued that the American nation had little need to expand or
equip her armed forces, for unlike Britain she had no powerful
enemies on her door-step. This point is made by Professor Peter
Parish who has suggested that the American Government spent a
far lower proportion of her national income on military power

than the majority of developing countries in the western world.
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.26. While this would seem a rational observation to make,
Merrit Roe Smith has pointed out that after the American

Government had taken control of the two national armouries

(Harpers Ferry and Springfield) in 1815 the problem of

"Thousands of arms [which] had been damaged and rendered
virtually useless during the recent war with England” had to be
addressed. He goes on to say "...the immediate concern was the
production of cheaper, more uniform weapons that could be
repaired in the field by substituting new parts for broken ones".
.27. This was of course the beginning of the exercise which led
the American Government, engineers and entrepreneurs into a long
and costly brogramme of standardisation and machine tool
development. Whatever the reasons were which motivated the
American Government to take a different route to her British
counterparts in the manufacture of small arms during the first
half of the 19th century can be debated at length. However; what

seems clear from the evidence is that both Governments had

exactly the same opportunity to review their arms procurement
procedures at about the same time. Therefore, the question still

remains, what caused the British Government to effectively
discourage the private sector military gun trade from modernising

its methods of production, allowing them to retain labour

intensive manufacture to the middle of the century?

Understanding the task

There 1s little doubt from the research already carried out that
‘the subject under investigation, that of apparent British
backwardness in small arms manufacturing technology in the first

half of the 19th century is multi: faceted and highly complex. It
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1s probably for these reasons that the debate surrounding this
particular issue looks set to continue and why the subject has
held scholarly interest for so long. H J Habakkuk, in evaluating
the various economic arguments for technological development on

both sides of the Atlantic, recognises that a high degree of

complexity exists. When discussing his observations in the

context of factor-endowment he suggests:-
There is no reason why abundance of a factor should not have
been favourable to technical development in one set of
circumstances and scarcity of the same factor favourable in
another. The influences which are relevant to development
combine 1in many different ways, and has a different effect
according to the combination in which it appears. Arsenic
cures 1in. small doses and kills in large. But this does not
dispense with the need to decide which doses are homoeopathic
and which are lethal. It is clearly unsatisfactory to say that

cheap-labour countries grew because their labour was cheap,

and dear-labour countries because their labour was expensive.
.28'

While it can not be denied that the subject under examination
requires several lines of research, directing the investigation
towards what slowed or delayed Britain's once held technological
suPremacy'wpuld appear to be a clearer route to follow in the

quest of understanding why the British small arms industry
developed in the way it did. These issues will be brought out and
discussed in the following chapters. However, it should be
understood that the investigation is not about claiming
intellectual property rights for one country or another.
Therefore the writer does not wish to imply through the research
findings an air of what might be construed as a recurring British

malady - "invented here, developed elsewhere".
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THE "ORDNANCE" CONTRACT SYSTEM AND THE "VIEW"

In this chapter the opportunity will be taken to examine the

- relationship between the Board of Ordnance and the private gun
trade which pivoted on the Government method of small arms
procurement. To help understand the interplay between the

private and the public sectors, it will be necessary to explore
the workings of the "Ordnance" contract system and to discover
how "the view" (inspection) was performed by "Ordnance"
personnel. By studying these two areas and their effect upon the
private gun trade, particularly in the period from 1840 to 1854,
we can resolve a number of complex issues. While research has
shown that there were several reasons governing the slow progress
of British industry in the 19th century towards a fully
mechanised system of small arms manufacture, in many ways it was
the "Ordnance" viewing and contracting systems which had the
strongest influence upon the industry's shape and structure.
Because of the complicated and multifaceted nature of "Ordnance"
practice, the pivotal role played by the Inspector of Small Arms,
George Lovell, will be treated in greater detail in the following
chapter. There, a reassessment of the available evidence will
allow a'fresh look at the influence of this complex and talented
man upon the operation of the "Ordnance" smali arms inspection
and procurement which was firmly linked to the functioning of the

weapons contract system.

To assist this study and to gain a better understanding of how
"Ordnance" viewed the performance of the independent gun trade

during the first half of the century, it will be necessary to
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look at the prevailing situation from an "Ordnance" perspective.
Fortunately a detailed and quite vivid account of the "Ordnance"
viewpoint survives, recorded in a memorandum written on the 18th

February 1854 by Joseph Wood, Secretary, War Office, which
encapsulates the unsatisfactory history of weapon supply as he
saw 1t. From the text of the memorandum it i1s possible to detect

the increasing tension between "Ordnance" and the private sector.

Wood's memorandum

Hghlighting the relevant sections of Wood's memorandum allows the
backdrop of events to unfold, giving a clear image of the
circumstances which were to dramatically change the methods of
weapon supply and procurement for the British armed forces:-

In 1803, when the war with France was renewed, the scarcity of
arms was so great, and the want of them so urgent, that the
Government had recourse to foreign markets, and bought up all
they could obtain. These were bad in quality, cumbersome and
heavy in pattern, and comparatively few in number. ... At the
peace in 1815, the manufacture of arms for Government ceased,
and the workmen were dispersed. Little was afterwards done
with regard to the provision of arms, until the adoption of
the percussion principle, when a re-equipment of the army
became necessary. The trade had fallen into a very disjointed
state, and there was a difficulty in collecting together men
capable of making the new arm in a satisfactory manner. In
1840 the inspector of small arms represented the very
unsatisfactory state of affairs; the masters complaining of
the workmen, the workmen of the masters; the lock-filers and
the stockers striking for wages; the masters exposed to
serious combination of workmen, and the latter having a fair
ground of complaint against the masters; the result being
higher prices to the department, or injury to the service by
delay.

Again, in 1842, the inspector of small arms represented the
injury to the service, ... and in 1848 he further represented
the disadvantages of the system then pursued for obtaining
arms, ... The opinions of the inspector of small arms
expressed coincided with those which the Board had previously
entertained. ... In March 1850 they decided upon putting up
to competition the supply of arms then required, for calling
for tenders of the several parts of the musket except the
stocks, of which there was a store, and then for setting them
up. The result showed a great reduction in the cost of the
arms; ... Many of the tenders were at one price, showing that
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the pa;ties had acted in concert, ... Great difficulties
arose 1n the execution of the contracts; the setting up was
delayed for want of materials, the lock-filers having struck

for wages; and it was also impeded by the very unsettled state
of the workmen in the military-gun trade generally.

In February 1851 the Board were desirous of obtaining a
further number of muskets, before the end of the financial

vyear, 3lst March 1851, but were informed by the contractors
that there were not enough workmen in the trade to enable them

to increase the number they were under engagement to supply.
In May 1851 a new pattern rifle musket was adopted by the
British Army, and tenders, by competltlon, were obtained for

the supply of the materials requLSLte, in addition to those 1in
store which were applicable, for setting up 28,000 rifle

muskets. Great delays occurred in the supply of the materials,
and sufficient were not collected to enable the Board to make

contracts for setting up the muskets, until the month of
December 1851; and the muskets were not completed until
November 1853.

.o+ In January 1853 a new pattern rifle carbine was adopted
for the artillery, and the contracts were made for the
materials for setting them up; but so great has been the
difficulty and the delay in obtaining them, notwithstanding
all the efforts of the Board, that not more than 500 carbines
were completed by the end of January 1854.

The rifle musket of 1851 having been superseded in 1853 by
another of smaller bore, and somewhat different construction,
the Board, in July last, called for tenders for materials for
20,000 muskets of the latter description. The offers received

were so unsatisfactory as to price, and evinced so perfect a
combination amongst the parties, that they were, after some

correspondence, declined; ... The consequence is, that, up to
the present time, the Board have not been able to commence the
setting up of the muskets; and though they have made a
contract for that purpose, it is uncertain, even if the
materials should now come in with reqularity, when it will be
carried out, from the difficulties which the contractors may
again encounter from the workmen. .l.

From Wood's memorandum, it can readily be established that after
almost half a century the Board of Ordnance had hardly improved
its position as a weapons procurer. As the second half of the
century began, the Board was still unable efficiently to equip
the British Army with small arms. This was the sorry state in
which "Ordnance" found itself after initially planning to avert
such future disasters by consfructing the factory at Enfield Lock
in 1816. The predicament poses two questions. How had such an

unsatisfactory set of circumstances arisen after active measures
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had been taken to rectify the problem of arms supply, and was the

position as one-sided as Wood had described?

Procurement problems

Prior to 1550 the contract system of arms procurement relied on
"Ordnance" working with an established list of approved
contractofs. These contractors in turn used their own
discretionary authority to employ sub-contractors and to engage
the workers they required. There was considerable distrust
between "Ordnance" and the private sector almost from the start.
In May 1816 the Birmingham and district gun manufacturers held a

meeting which passed a resolution opposing the Board of Ordnance

on the erection of the Enfield factory. Subsequently a petition
was drawn up, but not presented to Parliament. "Ordnance"
subsequently made an offer to the private sector only to use the
facilities at Enfield for repair and not the manufacture of small

arms. This promise was accepted by the trade. .2.

The short term nature of the contract system and the strictness

of the view had resulted in complaints to Parliament by the
independent gun trade through their political representatives.
This had helped create difficulties and delays for "Ordnance" in
their weapon procurement programme. Tensions did not impro?e
between the two sides when George Lovell was promoted to
Inspector of Small Arms in 1840. Lovell effectively took
respﬁnsibility for every aspect of military weapon procurement.
Under him, the "Ordnance" inspection system of gauging and
measuring to pattern was tightened, no doubt spurred on by the

drive towards improvements in standardisation he had begun at
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Enfield. Tolerances were becoming so stringent that contractors
were having great difficulty in getting their work accepted by
"Ordnance". The private gun trade suffered considerably from the
high rate of rejection and were in constant fear that Enfield
would eventually undertake all military business in-house. This
was the unsatisfactory state of the military gun trade as the
second half of the century commenced. With war looming in the
Crimea, the British Government found itself placed in the same
embarrassing position it had been nearly half a century before at
the start of the Napoleonic conflict, that of not having the
ability to supply good quality arms in quantity to the front line

troops.

Examining correspondence between the Board of Ordnance, the new
Inspector of Small Arms, R W Gunner (promoted after Lovell's
death in 1854), and some of the ﬁrivate contractors in the period
September 1854 to March 1855, suggests that the demands and
requirements of the "Ordnance" arms procurement programme had
unfairly placed great strain upon the private contractors. In a
letter to Joseph Wood, dated 12th September 1854, the Birmingham
contractor Hollis & Sheath stated "we believe that we can
complete the 20,000 musket pattern 1853 in March next, providing

we have the materials (less sights) issued to us at the rate of

200 each per week from this date. We have received up to the 9th

instant 10,000 sets". The letter goes on to explain:-

We beg again to assure the Honourable Board that every effort
is being made to supply the sights so as to keep the pace

~ with the setting up and we have already made from 9 to 10,000
sights, the greater part of which have not passed the view but
we shall be able (as soon as the proper tools are prepared for
viewing the sites) to deliver them in such quantities as to
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fetch up the lost time. .3.

At first glance the reference in the letter to the tools not yet
haviné been prepared for viewing the sights, might imply self
criticism on the part of the contractor for failing to produce
these items on time. However, reading a later letter from the
contractor dated 16th November 1854 to Wood does place a somewhat
different interpretation on who should be supplying the tools. In

the correspondence Hollis & Sheath state that between 27th May
and 28th October 1854, they had delivered 14,636 sights for

viewing. Out of these, 8,613 had been "marked" (passed
inspection) and 5,823 rejected. The following section of the -
letter is most revealing when the contractor complains "We
believe that the immense number of rejections would not have
taken place haa the viewers been supblied with proper tools to
test their accurécy - to which we refer in our letter of
September 12th and with which tools the viewers have not yet been
supplied”". .4. While it can not be categorically deduced from the
correspondence that "Ordnance" should have actually made the
tools, there is certainly a strong implication that they were
responsible for their supply on time in support of the contract.
The reference 1n the correspondence to "the viewers" not being
supplied with tools seems to imply the "Ordnance" viewers rather
than those employed by Hollis & Sheath. However, even 1f this was
not the case "Ordnance" would still be at fault for being the

root cause of the delay.

A further revealing piece of evidence comes to light when

examining a letter from R W Gunner to the Board of Ordnance,

dated 22nd November 1854, in response to complaints of delays in
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the delivery of the pattern 1853 musket. Gunner reported that
between April and November 15th, 16,880 sets of material had been
issued, but he had only received 8,080 completed sights.

Interestingly, there is no mention of tools not being supplied to

the viewers. However, he does go on to say "sights have been
obtained from other sources and issued for their service making
up the numbers as stated by the contractors to about 10,000
Rifled and Sighted, where as only 5,000 finished arms had been

delivered up to the 6th instant". .5.

On 2nd March 1855 the Board of Ordnance wrote to Gunner regarding
the contract for the 20,000 pattern 1853 muskets enteréd into on
21st February 1854, reminding him that "the whole should be
delivered by the 5th March". Gunner responded on 10th March,
reporting that the "four old contractors" had delivered 18,406
pattern 1853 [muskets] which had all passed the view, and that he
had another 385 muskets in hand, leaving an outstanding balance
of 1,209. On 31st March 1855, Gunner wrote to Wood "I beg to
report to the Honourable Boards information that the four old

contractors have delivered 20,000 Musquets Rifle Pattern 1853
(first pattern) in completion of their contract of the 21st
February 1854". He then went on to give the following totals as

"set up and finished complete":-

Set up Birmingham 20,000

Set up Enfield 1,000
Set up London 1,500
22,500 .6.

Studying the evidence surrounding this particular contract has
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revealed what might be construed as a "cover-up" on behalf of
certain individuals working for the Board of Ordnance who appear

to have either withheld or not supplied important gauges (Fig.1l1)

or patterns to the contractors. This may have been an individual
deliberate act, and not necessarily a piece of "Ordnance"
collusion. However, in the future the incident along with other
similar examples could easily strengthen the Board's hand when
arguing the case for expanding the Enfield Lock small arms
manufacturing facility, on the grounds of the qun trade's
inefficiency. This would be a trump card to play against the
private sector's opposing Parliamentary lobby. Although the Board
was eventually to take a major controlling interest in the

manufacture of military weapons by the introduction of American
manufacturing technology at Enfield, this was not before a

complex series of events had unfolded.

Unfair criticism?

Although the private gun trade had been much maligned over its
poor manufacturing and delivery performance by "Ordnance",
perhaps in some instances rightly, nevertheless, with regard to
the contract for 20,000 weapons, it has been shown that in spite
of being denied specialist setting-up toolé, a substantial order
had been completed within a few weeks of the agreed date. This
was achieved in the face of strict viewing procedures, a reliance
on hand production methods and, as Wood had pointed out in his
memorandum dated 18th of Februéry 1854, "there was a difficulty
in collecting together men capable of making the néw arm in a

satisfactory manner". .7. While the information above suggests
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that the fault was not always with the private sector, there 1is,
in addition, further strong evidence which is at variance with
the "Ordnance" criticisms of the gqun trade. This information also
conflicts with the generally accepted view of arms experts and

historians like De Witt Bailey who have suggested that at the

time, there was within the gun trade many "slovenly workmen". .8.

Giving evidence to the Select Committee on Small Arms in March
1854, Colonel John George Bonner, the Inspector of Stores to the
East India Company for the past twenty-one years, when asked,
"How do you provide your supply of fire-arms"? Replied:-

As regards the musket, the materials are provided from various
bona fide manufacturers at Birmingham and its neighbourhood,
such as locks, bayonets, barrels, ramrods, and brass work; the
smaller articles, such as screws, nalls, swivels, and the
minor parts of the gun, are entrusted entirely to the
setters-up, viz., the gunmakers of London, and they provide
the stock also, the Company not deeming it advisable to
accumulate a store of stocks; no difficulty has been found in
getting them at all times from the gunmakers in London; that
forms part of their charge of course for setting up. .9.

From Bonner's evidence it can be seen that the East India Company

between the years 1840 to 1851 had taken 329,340 stand of arms
from the private gun trade, the year 1847 to 1848 having the
maximum total of 58,180 weapons. One of the most revealing pieces
of information taken from Bonner came during a series of
questions relating to the East India Company's acceptance
standard for weapon quality. When the point was put to him "You
view them much in the same way as the Government view their
muskets, do you not?" Bonner replied "Just the same". .10. It can
readily be deduced from following the probing cross examination

that Bonner and his highly experienced long serving assilstants
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were the final arbitrators in any controversial issues over
standards of acceptable quality. One gets the distinct impression
that should a dispute arise over the dimensions or finish of a

particular weapon or part, then a practical common sense

settlement would be found and mutually agreed.

In the continuing cross examination Bonner was asked "When you

. have required so large a supply as 58,000 for one year, and
48,000 for the next year, have you found the contractors raise
their prices?" To this Bonner replied "Never, except it was
called for by those circumstances which enhance all prices". .1ll.
'Interestingly, and 1in contrast, Wood in his memorandum of 18th
February, had complained of "...high prices, which resulted from

the organised combinations both of the masters and men in the gun

trade ...". .12.

When probed deeper on the subject of charges, "You met with
nothing unfair on the part of the contractors?" Bonner made the
following telling statement which imblied a good working
relationship between éustomer and supplier. He explained, "I must

do them the justice to say that they were always particularly
anxious to do what was right and proper between the Company and
themselves, which is my duty to watch". .13. This display of
mutual trust appears genuine and probably accounted for the East
India Company getting the weapons they required at the right
price. In fact there is evidence of the good relationship between
the private sector and the East India Company, and the somewhat
strained alliance between the Board of Ordnance and the gun

contractors, dating back to the 18th century. At the time a
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dispute arose between "Ordnance" and the private sector over the
design, price and conditions of a contract for the manufacture of

the pattern 1777 flint lock. On this occasion the East India

Company were having a simpler form of the lock manufactured for

which they paid the contractors one shilling more than "Ordnance"

were offering. Not unnaturally, their work was given preference

over "Ordnance". .1l4.

Further evidence of fairness and a good working relationship can
be seen when inspecting the price of some popular 19th century
weapons. Although not exactly the same as the then current
British service pattern, by 1850 the cost of a weapon to the

East India Company from the private sector was £2-7s-7d, which

at the time was not excessive. .15. This fiqure compared more
than favourably with a Baker rifle costing £4-8s-3d in 1810, or

the Minie rifle manufactured at the RSAF Enfield in 1853 costing
£3-4S- 116-

With regard to pricing, it should be remembered that "Ordnance"

had a distinct advantage over the private sector, as Enfield had
the ability to estimate the various manufacturing costs. However,
the gun trade, being denied long term contracts, were reluctant

to invest in capital equipment which over a reasonable period of

time would have helped reduce the labour cost content of a
weapon. Allegations by "Ordnance" of the private sector
overcharging may have been the result of contractors trying to
maintain sensible profit margins to compensate for high reject
rates and the short term nature of the contract system, rather

than a deliberate policy of making excessive profits from the



61
Government. This observation would appear to be validated if the
quantities of weapons delivered (shown later in this chapter) to
the East India Company and "Ordnance" are compared. Over a nine

year period (1841-1850), the private sector sent on average

almost three guns to the former, against only one to the latter,
suggesting that the best prospects for the future of the

independent trade lay with customers like the East India Company

rather than "Ordnance".

- "Ordnance" on the other hand were supported by, and were part of,
Government. Before the end of the 1850s Enfield, a public sector
factory, would receive substantial internal orders for weaponsﬂ
allowing them to sustain high annual volumes of production. While
it is beyond the scope of this thesis to examine the methods of
"Ordnance" financial accounting to see if all overhead costs had

been properly administered and apportioned to the weapon, it is
however recognised that government departments have historically
been clever at concealing the true cost of products and services

through the vastness of the budgetary machine. Therefore, without
an in-depth study, it would not be possible to guarantee that the
"Ordnance" price for a weapon supplied to the military reflected
all the attributable overheads, like warehousing, material

deterioration or wastage, packing and transport.

The importance of good relationships

The concept of a good working relationship between customer and
supplier is one that should not be overlooked, as often it can
provide vital clues and broaden our understanding of why a

particular set of circumstances arose, or why certain situations
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prevailed. From Wood's memorandum of 18th February 1854, it can
be seen that relationships had remained strained between
"Ordnance", the contractors and their workers for a number of
years, as he speaks of "...organised combinations both of the
masters and men...". .17. This, he implies, caused contractual
delays and higher prices for "Ordnance". However, as with all
forms of accusations and counter accusations, there is seldom one
‘side which is completely innocent or correct in its assessment of
the situation. Reasons governing the difficulties are often
complex and not always what they appear on the surface. Under
such circumstances, there 1s a need for mutual trust and

understanding 1f issues of difference are to be resolved.

Although there were some calm and conciliatory voices from within
the ranks of the gun contractors, there was a growing general

belief that "Ordnance" was planning to take away their
livelihoods by increasing the number of manufacturing functions

carried out in-house. As 1t will be seen later, the fears of the

qun trade were not without foundation.

It is quite usual today to discover examples of strained
relationships between customer and supplier, resulting in lack of
mutual trust. Often the customer will take advantage of the
contractor or supplier, when the market demann for the product 1is
weak, by offering a lower price. This is on the grounds of the
product being more difficult to sell, which on occasions can be
quite genuine. Nevertheless, when the market becomes buoyant,
then 1t can be the turn of the contractor or supplier to take

advantage of the customer by putting up the price, often on the

grounds that material costs have risen, prompted by increased
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demand. Both forms of commercial blackmail are the basis for
distrust, each party awaiting the earliest opportunity to regain

the upper hand. When such breakdowns in relationships occur, it

is normal for the customer to seek to place business with other
contractors or suppliers, while the supplier strives to gain
contracts with other customers. Such behaviour is not conducive
to the maintenance of good gquality products, as both customer and
supplier have to go, once more, through a fresh learning cycle
with their new partners. Inevitably this can lead to higher
product reject rates as new procedures are adopted, with the
added risk,of failure to meet delivery schedules. While these may
not have been the exact circumstances experienced by the Board of

Ordnance and the private gun trade, research has revealed that a
number of the elements outlined certainly existed, particularly

when "Ordnance" moved from a list of established contractors to

the open tendering system in 1850.

These complex issues of relationships, the short term

intermittent nature of contracts, the strictness of view, and
what might be seen as the delaying or withholding of essential
measuring equipment by "Ordnance" made up a cocktail of events
which in turn eventually influenced Parliament into voting large
sums of money to re-equip the Royal Small Arms Factory at Enfield
Lock with the latest American machine tool technology. This
action thereby enabled "Ordnance" to take virtual control of all
military small arms manufacture. However, in the ensuing period
until the improved manufacturing facility was firmly established,

the private gun trade was to be called upon once more to supply
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the British Army in time of war.

A différent relationship

It would be difficult for the researcher sifting through the
considerable documentation of the period not to escape the clear
impression that there was a general feeling of mutual respect and
trust between the East India Company and the private qun
contractors. This understanding had developed over a number of
years, resulting in a good long term working relationship. Much
of this had come about thfough the stewardship of Colonel John

George Bonner with his more practical approach to the viewing of

arms. The same could not be said of the relationship which
existed between the private contractors and the Board of
Ordnance. Much of the ill feeling came about after George Lovell

was promoted to Inspector of Small Arms in 1840, when he had

insisted on stricter standards of viewing for weapons and parts.
Lovell's endeavours to improve the quality of British military
firearms and, to his credit, the contractual relationship with

the independent gun trade were generally not understood, lacking

the whole-hearted support of "Ordnance"” (this will be discussed
in the following chapter). The years from 1840 to the middle of

the century saw a rapid deterioration in the relationship between
the private qun trade and the Board of Ordnance, with increasing

acrimony, much of the venom being directed at Lovell.

By the time Joseph Wood had written his critical memorandum on
the performance of the private gun trade in February 1854, and
Bonner had given an opposing view in his evidence before the

Select Committee on Small Arms in the following month of March

(this being given some prominence in the Committee's summing up
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in the May), the situation had been overtaken by events. On the
28th March 1854, Britain declared war on Russia which effectively
loosened the private gun maker's lobbying grip on Parliament. In
the national interest, Bonner's contrasting testimony would have
to be ignored as "Ordnance" pushed home the initiative to expand

the Enfield Lock manufacturing facility.

A misunderstood private sector

Several contemporary writers have given the impression that the
private gun trade in Britain was woefully inadequate and
generally slovenly in its performance, producing sub-standard
weapons and parts. While one can understand how such an
impression has grown and remained with some commentators, by

examining the available evidence in detail a somewhat different

and more balanced picture emerges.

The British private gun trade can be looked upon as being
extremely flexible and adaptable in its methods of manufacture,
coping with a range of weapon types. These essentially fell into
three main categories. At the bottom of the scale there were the
cheap flint-locks with beech-wood stocks made for the African
market, at a unit price of around ten shillings. Then there<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>