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ABSTRACT

COPPER WIRE ITS MANUFACTURE AND USE TO 1900 - A CASE OF INDUSTRIAL

CIRCUMSPECTION,

B. C. Blake-Coleman B.A., Cert. Ed.

This work critically examines the principal events and circumstances which
influenced the course and rise of a crucial component in modern electrical
technology - copper wire.

This material, through successive eras, has played a variety of roles and enjoyed
a range of distinct applications. In charting the development, manufacture and use
of copper wire, the thesis describes how in its earlier history a traditionally made
product, applied to traditional purposes (in arts and trades themselves subject to
change) evolved into something which, ‘in property and quality, was entirely
different - electrical conductors. By 1850, copper wire can be said to have long

~ begun its exchange of a traditional role for a modern one, having by this time found
- application as a telegraph conductor, with varying degrees of success. In this
respect, early trials in overland and submarine telegraphy, as well as experiments

on metallic conductors, are shown to have been major influences in the development
of copper wire as an electrical conductor. Hence the transition of copper wire from
its traditional qualities and roles to those where it was fit for specialist electrical
applications, is fully considered. Careful consideration also is given to the work *
surrounding the establishment of electrical standards which came out of the need '
for improved copper conductors.

Apart from the emphasis placed on reviewing those factors important in changing

_the quality and characteristics of traditional copper wire, an equal level of

discussion is given over to considering the condition, growth and changing fortunes
of the wire mills and the wire industry during its greatest period of change and
expansion 1750-1900. The pressures felt by the manufacturers during this time
(technological, economic and, to some degree, social) are examined as too the
state of the attitudes and policies, moulded by changing market demands and levels
of prospernty

The overall ohject of the study is to give meaning and significance to, and a reasonable

interpretation of, the historically important events which shaped the manufacture andv
application of copper wire. As such, the study critically assesses not only the reasons

" for the Changing fortunes of copper wire, but the failure of the manufacturing effort

behind it to emerge, at least by 1900, as a separate and distinct industry.

~000-
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INTRODUCTION

’ This study concerns itself with a much neglected subject - the forces and
circumstances that moulded the methods of production, organisation and policies
of what, by the end of the 19th century, constituted a huge manufacturing effort -
copper wire,

In setting out to identify and examine those factors which influenced the ascent of
copper wire as a staple commodity, and its manufdcture, it would be useful to
mention something of the progressive rise in its value, importance and consumption
up to the end of the 19th century and to ask why copper wire came to enjoy a position
as an indispensible commodity. Moreover, we must go further and enquire as to what
we may learn from asking many of the questions posed by the ascent of such an
industrial effort. Certainly, there is no disputing the value of copper wire to our
modern electrical technology, nor to that of the 19th century. Some indication of the
magnitude of the enterprise involved in copper wire making at that time may be gained
by considering the statistics relating to the proportion of copper ore processed as
"high conductivity copper' and intended for the electrical industry. In the United
Kingdom, during the year 1899, some 470, 000 tons of copper underwent processing,
of which 300, 000 tons was estimated to have been used by the electrical indust:ry.1 A
major proportion of this 300, 000 tons was produced by the "new' electrolytic process
which was becoming a major contributor to copper production_2 for the electrical -
industry following the demand for a high purity metal. Of the 300, 000 tons of copper
routed to the electrical industry, the greater proportion was processed into enormous
lengths of various gauges, types and patterns of copper wire.

The statistics stated above - taken as evidence of a distinctive manufacturing effort -
are for the most part justification for concluding this study at the close of the 19th
century. To terminate at this point is no disservice to the history of the "industry
during the last 79 years; save for some technical advances in draw-plate technology
(e.g. the introduction of chrome steel and tungsten carbide dies), 3 and some refinements
in machinery, little difference would be discernible between a wire-drawing plant of
today, and that to be found in a modern wire-mill of the 1900s. The essential
technology, therefore, for a high efficiency industry had been developed by 1900 and it
is the preceding 150 years which display those factors which determined that copper
would become the major wire product that it is. By the beginning of the 20th century,
copper wire was an essential material, found in almost every device and installation
known to the electrical industry. It had almost completely ousted its main rivals,
steel and iron wire, both of which, at one time or another, had achieved a far wider

ce o000

1 Brown N. & Turnbull C. A Century of Copper. Effingham 1900, Part1
p. 20 and 81,
2 About 1890,
3 Jewkes J., Sawyers D., Stillerman R. The Sources of Invention. Macmillan

1969, p. 320. : '
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7 degree of acceptance for certain electrical applications in competition with copper.
It is remarkable therefore, to consider that most probably steel, iron and copper
wire would be produced on basically identical machines in the same wire-mill;

this is a comment on the need to consider how the general wire-drawing industry
developed to conform with those demands made upon it by the necessities and needs,
requirements and criticisms of other trades and industries. Indeed, the retention
of copper wire manufacture within the general wire-drawing industry indicates too
the necessity to understand fully those factor\s which were the pre-requisite for a
trade that centred itself upon copper and copper wire. The facilities for production,
the market demands for a particular wire product, were complementary factors
each stimulating the other. However, the growth of the copper wire industry, and
the facilities to generate that growth are at times difficult to establish and become
matters of fine distinction. Nonetheless, those tenuous and indistinct factors which
often provided momentum for an advance in the copper wire industry were, up to the
1880's, tied to the pattern due to the mutual stimulation of supply and demand -
improved markets, improved manufacturing methods and improved products; and it
is in the circular relationship of these factors that establishing antecedence becomes
difficult. Consequently, advances in the industry require considerations of major
inventions in wire-drawing machinery, the growth of other arts and industries, the
rise and advances in physical and electrical science and the implementation of
prime movers etc. ’

We are presented therefore, with a series of pertinent questions. If we are to look
at the production of copper wire during the rise of the electrical industry, we must
also aim to answer a number of queries about the condition of the wire industry not
only during, but after, the rise of electrical science and engineering. We must ask
what were the traditional roles and applications of copper wire and how did its markets
change ? How did the organisation of the mills and companies making copper wire
evolve and what special circumstances helped to ensure their development? What
factors determined the technical developments of wire-making and how did copper
wire come to be preferred for electrical practices? In short, we need to search
out the economic, technical and social pressures that determined the formation of

- an industry, but in doing so we are looking principally at the external influences
that were prominent in producing change. The impetus for change was not however
always external and an investigation such as this must seek to understand something
of how the wire manufacturers themselves, played a part in controlling their own
progress. It is reasonable to ask, for example, if the wire industry itself did much
to foster new markets, or attempt to influence its prosperity by technical or
organisational improvements. Indeed, it should also be asked if it actively went
about making its products more fitting to the future needs of the consumer or did it
simply run parallel to the technical demands of the day? Further, how did the wire
industry react to the conflicting demands which appeared to force a choice between
traditional markets and production methods and the new areas of consumption, which
though promising prosperity required risk in the investment of new and technically -
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/ more difficult processes. TFinally, given that the wire industry did mature into a
self-contained, organised and flexible manufacturing facility, it must be asked if
this was principally because it fulfilled the needs of traditional and conventional
markets, or because it had the capacity to make available commodities which,
by virtue of their advanced properties, made practicable other technical projects,
hitherto impossible? Were these, or similar reasons, responsible for the failure
of a separate and distinct copper wire industry to appear? (As will emerge from
the following chapters, the wire industry was reluctant to fragment or over specialise
even though it had opportunity and reason in the vast new applications of electricity).

As previously asserted, the subject of this work is one much neglected and necessarily
involved with many of the technicalities of wire-making. In view of this, it is
convenient at this juncture to turn first to an explanation of the plan and structure of
this thesis, and then to consider the literature and data upon which it is based.

To provide some insight into the origins of an organised wire industry, and so as to
allow the proceeding chapters to concentrate upon the fortunes of copper wire, the
first chapter deals with the history of wire-making as a general theme and concludes
its course about 1750, Hence, within the three main sections comprising Chapter 1,
the manufacture of wire is considered from antiquity to a time when the first industrial
changes of real consequence to the manufacture of copper wire, were detectable., The
value of this approach, and its justification, lies mainly in the fact that in dispensing
with the background and the technicalities of wire-making in the early pages, we can
see and understand so much the better the significance of the manifold influences that
were to control the production of copper wire. As far as this is concerned, Chapter 2
extracts the early history of copper wire and provides a proper introduction into the
main theme of the work (Chapter 3) which begins with the circumstances surrounding
the early periods of expansion in copper wire markets. As a final word on the first
chapter, it may be remarked that it provides a concise interpretation of the

history of wire yet with an adequate depth of study. Indeed, this section contributes

to our knowledge of the history of wire, particularly when dealing with early machines,
processes and production methods. '

As stated, Chapter 3 is concerned with the expansion of markets at the onset of the
first industrial revolution. Chapter 4 continues this theme and gives, as far as is
possible, answers to many of the questions which relate to the organisation of the
wire-mills and the new and traditional non-electrical applications of copper wire.
At this appropriate point, Chapter 5 begins a series of four chapters (Chapter 5, 6,
7 and 10) which concentrate on the ascent of copper wire as an electrical conductor.
Here, the passage of traditionally made copper wire to its becoming a product
manufactured as an electrical conductor is detailed, as are the attendant problems
that had to be overcome. With regard to the internal activities of the wire-mills
and wire-shops of the period, mention is made throughout the work, but more
especially in Chapters 8, 9 and 11, which concern themselves with the operational

o000 000
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+ and organisational aspects of the wire industry during and at the end of the 19th
century. In addition to the above, thereare included two appendices which, though
of a different character, address themselves to the subject and which, I feel, are of
some importance. Appendix 1 is concerned with the frading statistics of copper wire
in England during the 19th century; it provides a graphic illustration of, and the evidence
for, the general increase in the consumption of copper during that time. Appendix 2 is
of an unusual nature in that it describes a series of tests on some of the copper wire
used by Michael Faraday, the results serving to support a good deal of the written
evidence cited in the text. Having now broached the subject of the literature relied
on in this work, it is a convenient point to briefly consider the sources upon which -
this investigation is based.

Sources and Bibliography

There appear to be few prior monographs dealing with wire, and seldom has any
attempt been made to systematically assess its past history. Though K., B. Lewis

is said to have written a comprehensive history of wire sometime about 1932, a

copy is not forthcoming. Probably the most abused of all works, with regard to

the history of wire, and here the author must add his name to those that have

leaned upon it, is J. Beckmann's History of Inventions and Discoveries (4 vols.,
London 1814) the English edition of his Beitrage zur Geshichte der Erfindungen
(1780-1805). Beckmann's treatment of wire comprises but a small part of an
extensive work dealing with a multitude of subjects. Nevertheless he was, it seems, "
the first to take pains in an attempt to chart the history and development of wire

with anything like a scholarly attitude. Unfortunately this work, so dependent upon
literature, while making it still an excellent source to draw on, has paled a little

in the light of modern research which has the additional advantage of artifact and
clectron-microscope. (I refer here to a number of recent laboratory investigations
into samples of wire from antiquity, but this point will be pursued later). So

learned and respected was Beckmann's work that we find it, in one form or another,
in almost every literary mention of wire frem the time he first published; occasionally
extracts are verbatim etliteratim, sometimes rephrased (but instantly recognisable)
and seldom acknowledged. In mitigation, many of those works dealing with wire that
began with the theft of Beckmann's efforts conclude with contemporary accounts of
wire-making and thus for each era one can take cyclopaedia and encyclopaedia,
lexicon and general engineering treatise and often find out the past history of wire,
by courtesy of Beckmann, followed by a reasonable account of the current state of

the art. Contemporary accounts of wire-making are generally the most enlightening
sources available, even though the majority neglect to say anything about the
antecedence of some of the peculiar processes they describe. In this area the range
of literature is sufficient but less than abundant and tends to be sparse in detail,
generally containing the subject of wire in a few words and without elaboration. It
becomes then a matter of taking one detail from one particular source, questioning

it and comparing it and then adding what is left to the information gleamed from -
elsewhere. Typically, from Houghton (A Collection Toward Husbandry and Trade

so 0000
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# Vol, 11, London 1697) we find something on tke English wire-mills and their use of
French draw-plates, from Piringuccio (De La Pyrotechnia. Venice 1535) we glean
a little more on the subject of draw-plates and come to know much more of 16th
century wire-drawing machines. Irom Hessus (Urbs Norinberga. Nurnberg 1532)
we learn something of the origin of the first self-acting wire-drawing machine and
note from Diderot (Encyclopaedia - Dover 1959), Du Hamel (Art de Metiers - Art de
Reduire le Fer en Fil. Paris 1766) that similar machines are still common in the
1760's. More suprisingly, as we trace the progress of wire and its technology, we
find that the vestiges of early methods are still to be found up to recent times; the
use of the swing as a means of carrying the wire-drawer while pulling is still in
use as late as 1806 according to Charles Heath (Historical and Descriptive Account
of Tintern Abbey. Charles Heath 1806) while Joan Day in her 'Bristol Brass'(David
and Charles 1973) describes machines still in use earlier this century which bear
every resemblance to machines in use some 200 years ago.

Having said something about the development of wire technology in general, let me

now furn to the principal area of interest for this study and consider the sources

that tell something of the rise and history of copper wire and its manufacturing
industry. It should be said at the outset that the acquisition of sources, both primary
and secondary, was essentially an exercise in sifting. Some of the sources that
provided information about the general wire industry proved most useful also in

adding to the information specifically on copper wire. The one treatise on wire

that took a general view of the appearance, structure and products of the wire

industry at the end of the 19th century was Bucknall-Smith's.Treatise on Wire.

(London 1891) which, along with F. A. Perrin's Conductors For Electrical
Distribution (Von Nostrand, New York 1903) gave a fair insight into the state of

copper wire manufacture during the last third of the 19th century. Indeed, their

work echoed the practices common to most of the 19th century and along with a

number of other sources, many and varied, a fairly complete picture of 19th century
copper wire manufacturing technology and its industrial organisation, could be built up.
For the period before 1800, probably the best secondary source is Henry Hamilton's
The English Brass and Copper Industries to 1800 (originally published in 1926 but
‘re-printed by Cass in 1967). Hamilton's investigation is detailed and scholarly in

its review of the organisational changes which occurred in the brass and copper
industries up to the beginning of the 19th century. Within the pages of his work

are to be found a few, but very valuable; references to companies trading in copper
and copper wire. However, Hamilton's work has some weaknesses, especially

in its interpretation and understanding of certain technical matters (for further
comment on this, see main text). With regard to this it may be mentioned that
modern works too can be a source of inaccuracies and discrepancies. One must

be wary of those extensive works which purport to be "Histories' of technology.
Overall, these works tend to be excellent but are prone to serve the subject of wire
quite badly; Singer et al in their History of Technology (5 Vols., Oxford 1954-8) include
two howling inaccuracies when talking of the "iron wire'" used as conductors for the '
cross-channel and Trans-Atlantic cables of 1850 and 1857 respectively (in both cases
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copper conductors (wire) were used).

The bulk of the material in the ensuing script depends heavily on what can be
squeezed [rom contemporary and modern research papers and private correspondence.
Enquiries ranging from correspondence with research departments in the British
Museum, to a pain-staking examination of the scientific papers of individuals' who
made a scrious contribution to improvemenis in copper wire. In general, this has
been the best, and often the only way to acquire the technical details which were
important in the development and change of copper wire,from being a traditional
staple commodity to an entirely different thing, an electrical conductor. The
technical journals were found to be extremely useful. The journals of the Institute
of Civil Engineers (from 1852) and the Society of Telegraph Engineers (from 1871)
provided invaluable information as did the various volumes of the Proceedings of
the Royal Society and the periodic publications of the Philosophical Magazine. A
host of other periodicals, of various natures, either technical or non-technical,
have added information also.

Turning now more fully to the individuals who figure in the development of copper wire,
the standard works of reference have been found indispensible. In selecting those
people to be discussed in this work, I have tried not to bring in anyone who did not
stand prominently in some part of the history and development of copper wire and its
industry. Though I have tried not to overlook anyone recognised as having contributed,
recognition is in this instance a value judgement and is necessarily subjective and

| determined by the limitations of a work.such as this. In short, those that have been

overlooked, are ignored simply as a matter of space. However, for those individuals
that do find a place, the Dictionary(ies) of National Biography, excellent though they
generally are, are often deficient in their degree of detail and sometimes greater
insight has been achieved by taking note, where possible, of the correspondence of
those that stand in the history and ascent of copper wire either as a subject of
scientific investigation or as part of a general enquiry. The correspondence of

Ezra Cornell (Department of Regional History, Cornell University) and William
Thomson, 1st Baron Kelvin of Largs, (Kelvin - Stokes Collection, Department of
Manuscripts, Cambridge University Library) will be found,as too.that of others.

Some regret must be expressed in the fact that part of the Thomson correspondence
now appears lost. Certain letters referring to his role in the production of the 1857
Trans-Atlantic telegraph cable are cited by Silvanus P, Thompson (Life of Lord Kelvin,
2 Vols., Macmillan, London 1910) but since that time the papers seem to have gone
astray. Certainly, the correspondence is known to have resided at the Cavendish
Laboratory Library up to the time when Thompson examined them; where this material
is deposited now, or if it still exists, is not krown. Unfortunately, these letters, '
and we can only trust S, P. Thompson for what they contained, play a most important
part in maintaining the historical continuity of those sections in this work dealing with
the production of the early submarine telegraph cables. As such, Thompson's
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/ bibliography of' Kelvin becomes just short of crucial in this work., In their
reproduction by Thompson, the letters of Kelvin become essentially primary
sources derived from what remains a secondary area of information.

Since it is outside the scope of this introducticn to include a full and critical
bibliographical essay (which would probably extend to a length far beyond the present
offering) it is hoped that this brief and somewhat superficial revue will suffice. As

a last word therefore, it should be stressed that the fine differences which can exist

in classing a source primary or secondary can become an elaborate and wasted
argument. As noted above, in many instances the value of a reference lies in its
availability and not necessarily its credibility - often patently secondary sources
remain the only ones we have, Hamilton, for example, had access to material

before the war and before bombing, and the neglect of company archives in the

ensuing years of change, could have resulted in'them being lost forever., Thompson too
refers to certain letters of Kelvin, though now apparently lost we cannot deny that they once
existed. Similarly, R. B. Prosser (Birmingham Inventors and Inventions, Birmingham
1881) had access to sources in the Birmingham Public Library which, following the
fire of 1879 are now denied us. Patents too, used extensively here as a source of
technical literature, describe manufacturing processes in an age when technical
literature can hardly be said to have been common. Yet these very patents are often
coloured to inflate the value of the invention or process. Without alternative and
comparable descriptions of the same or similar techniques, we must take what is
written as the case. However, this does not deny the need to remain prudent and

wary and to apply critical interpretation in the use of such material. Since no source
can be considered absolutely precise, or to supply every detail unambiguously written,
the problem becomes that of analysis and translation, This, however, being a subjective
quantity dependent upon the technical expertise of the reader, runs the risk of
misinterpretation. The selection of sources of information, where problems of
interpretation becomes reduced or unnecessary, should therefore assume paramount
importance. Such opportunities, it is admitted, seldom occur but the author has

taken the view that one illustration or perhaps one electron-micrograph is worth

ten thousand words. Wherever possible then, this work bases itself upon technical
investigations which can support the available literature by supplying substantive
material evidence. An example of this is the author's investigation into the copper
wire used by Michael Faraday (see Appendix 2), This investigation proved particularly
useful in confirming wire quality, methods of manufacture and applications for the
early 19th century, and yet had implications beyond its supportive role. Likewise,

the papers by D. L. Carroll (American Journal of Archeology, 1972) give similar
evidence for wire-making in antiquity. Along with the detailed bibliography, the
reader should note also the list of sources given with the pictorial and illustrative
material which accompames this work. :

In exploring the rise of an industrial effort based on copper wire, this work hlghllghts
the simple fact that the history of copper wire appears complex because of-

the diverse application of copper wire., The manufacture of copper wire became the
manufacture of a staple commodity; a commodity which was continually being adapted
for special purposes. It was the success of these special purposes (appearing
periodically) which acted to influence, mould and stimulate the growth of the wire
mills and determme the path along which they would evolve. Special purposes grew
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into established uses, the demise of one application saw the birth of a new, and ofteﬁ
bigger one. As with other staple items of manufacture, its simplicity was its virtue
and its growth due to the growth of other industries.

The most influential series of circumstances affecting the manufacture of copper

wire was the rise in telegraphy, telephony and power transmission, the first named
being an area which, in its infancy, called for copper wire in a traditional form.

As matters developed, a demand for improved copper wire, to meet more stringent
electrical specifications, effected improvements in wire, but only slowly. The wire
industry was ill-equiped to answer the needs of electrical science overnight. Progress
came slowly but eventually resulted in the wire industry, itself, presenting its
consumers with improved products, which by their nature fulfilled outstanding
deficiencies in transmission lines and electrical conduction. Whereas, initially,
electrical science influenced the wire industry, it was later to be that the wire industry
was able to guide electrical science and engineering., '

The history of the evolution of the copper wire industry is both fascinating and

enlightening - it is also however, in part, the history of the general wire-drawing

industry, the telegraph and submarine cable industry and the electrical industry; of
inventors, scientists, individuals of different sorts and of capitalists, companies and
combines. But, above this, it remains a history which expresses the careful, cautious path
taken by what became an essential, and eventually highly successful manufacturing

concern, :

Not every area of this work is given as complete or as detailed a treatment as it
deserves. The sheer weight of the task of breaking new ground makes this impossible.
Nevertheless, those parts which are sparing in their consideration will, it is hoped,
provide inspiration for later work.

-000-
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- CHAPTER 1

WIRE MAKING TECHNOLOGY

It seems probable that the malleability of certain metals was discovered before
their ductility. The operation of cold working a metal with a hammer, and changing its
dimensions - from cast bar or plate to sheet - nec;assarily preceeds any other when
hand-working metal, and it is a nétural progression within this exercise to turn sheet
into a rod by the same means. This technique, therefore, is almost certainly the first
method which might be described as wire-working. The shget, if thin enough, could be
turned and folded in on itself and hammered flat. The repeating of this process would
produce a long quadrate of various dimensions depending on the original width of sheet
(or block) used. Abrading each corner ‘of the rough rod, with stone or file would eventually
produce a round rod or length of wire. We find a like process in Exodus XXXIX v 3:-

"And they did beat the gold into thin plates,
and cut it into wires, to work it into the
blue, and in the purple and in the scarlet
and in the fine linen, with cunning work. "

This biblical extract which is the earliest description of wire-working, describes an
alternative and probably improved technique of cutting plates (or sheet) into wire. This
by definition is an advance on the technique described above, because the cutting of the
metal would seem to be clean enough to allow its direct working into Aaron's Sacerdotal
dress. It is not clear if any other process was used after the sheets were cut - we may - .
presume that some polishing, but more likely stretching, took place.

Somfa authorities, for example Higgins, 2 have indicated that an intermediate process
(that of first rolling the strip, or slips, between heavy, flat, stone or metal plates to
round it before - and if - the wire was to be stretched) might have been used. This would

1 The value of this work throughout the ages of fashion is well documented and the art
survives to this day. Its importance, as an industry in its own right, is in evidence
through much of the history of wire making. (Vide supra Chapter 1 p. 34) .

Vitruvius (Marcus Vitruvius Pollio) circa 50 BC, writing in his treatise 'De
Architectur-Libri Decem' (Book 7 Chapter 8) describes how red lead may be used to
recover gold from worn out embroidery as described in Exodus above. See also the
Encyclopaedia Britannica 13th Edition (Chicago University Press) 1926 Vol. 28 p. 150.

2 Higgins R. A, "Greek and Roman Jewellery" Methuen & Co., London 1961 p. 14-17.
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certainly be conceivable for some of the more ductile-malleable metals such as gold. In
this context therefore, it does not seem inconsistent with the period, and that process,
described in the above. The part of Exodus in which Aaron's dress is described, is that
part written by "P" - one of the three contributors. It is believed that the period described
is about 580 BC1 so we may assume that the wire making in Exodus dates from this time.
However, it may be that such a technique was retained only for very ductile metals such
as gold, 2 which could be cold worked easily and that wire manufacture in other metals had
a different and possibly inferior technology. Lewis, writing in 1936, 3 suggested further
that both the metals, gold and silver, could be formed into wire by eliminating all stages
of hammer work other than the forming of beaten sheet. In this‘ instance, the sheet would
be rolled up as tightly as possible and then dragged through a series of holes, punched
through either woo.d or metal, so as to roll it tighter. When the resistance became too
high (as the 'rod' was passed through) the operation would be complete. Lewis claimed to
have samples of early wire in which it Was possible to push a human hair into the minute
orifice left by rolled (folded) metal in the middle of the wire. Microscopic evidence
indicated also the 'polishing out' of the foil edge along the length of the wire. This
technique is arguably wire-drawing, rather than 'wire making' and more primitive
techniques were generally associated with wire working in other metals, The cutting of
the sheet metal into strips4 is only one stage removed from cleaving a block or rod of
metal with a chisel5 (or axe head) to produce a strip. Consequently, the method of taking
cut, cleaved or folded strips of ductile metal and pulling them into wires must be considere
as one possible technique which preceded.any, other. besides that of forming wire directly

se s 000

1 Article - Exodus (Vol. 10 p. 77) and Bible (Vol. 3 p. 852) Encyclopaedia Britannica
13th Edition op cit. '

This is probably why cast pins or wire are such a rarity.

Lewis K. B, "Wire Beginnings" Wire Industry Vol. 3 No. 25 (1936) p. 5.

L SN - B )

With a cutting tool - chisel, shears,or files - or ripping along a clamped edge.

Vide supra Chapter 1 p. 35 - an axe head and a chisel, as a tool, are not far
removed.

(4]
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with a kammer. The stretching of a strip of ductile metal reduces its cross sectional
arca and this is tantamount to drawing the strip through a constriction to shape it into a
wire, but it may be applied to only the most ductile of metals. The method for working
gold would differ to those methods used to form wire of copper or bronze, both of which
are materials malleable only when heated, or heaf treated.

Although F. L. Griffith claimed that in ancient Egypt "thin wire was hammered out
but there is no ancient instance of drawn wire", 1 it is possible that a method developed by
the Egyptian engravers and sculptors enabled wire-drawing to begin, possibly in the 2nd
or 3rd millenium. 2 These artisans had adopted a technique used in pre-historic Tiryns -
a copper blade with teeth of emery (a fragment of which has been found in a saw-cut) was
used for cutting hard stones; by making tubular copper drills3 aided by emery powder
(plentiful in the Aegaens) this same method allowed holes to be bored into s'oones.4 In
this way, a primi.tive, but effective draw plate (drav.w—stone)5 might be fashioned, the
metal-worker would roll the tube of copper between his hands onto a thin but wide slab
of hard stone. The two faces of both the stone and copper boring tube would be spread
with emery - after some time the stone would be worn down and holed. 6 It is interesting
that the copper tubes were probably made from the same sheets used to make wire (or the
1 Article - Egypt (Ancient Art) Encyclopaedia Britannica op cit Vol. 9 p. 73.

2 "But that is not all in the Kings Library: There are other things to be seen -
A Sistrum or Egyptian rattle with three loose and running wires cross it"
Lister Dr. Martin. A Journey to Paris,” p. 111, Jacob Tonson London 1698.

3 Copper tubing was current in Egypt about 2750 BC. See ‘An Introduction To Copper.
C.D. A, publication 1957 p. 3 - It was probably made by laying a mandrel on a ‘
metal sheet and driving the sheet into a groove cut in wood or metal. Alternatively,
it was made by wrapping sheet around the mandrel with hammer blows.

4 Petrice Sir Flinders. Ten Years Digging In Egypt . 1893 p. 25-27. See also
Ancient Egypt. 1927 p. 58.

5 A rod of metal would be hammered into a rough rod shape initially and then drawn
through the stone,

6 It is worth considering the Neolithic, so called, "age of polished stone" - many axe
heads are found highly polished and with holes or sockets bored through the middle
for a shaft (hafting). The transition, of stone axe head, to that during the Bronze age
resulted in the puzzling and curious situation of the early failure to incorporate a
shaft socket in the axe heads (celt) though the Stone age method has survived till today
through a re-evolved redevelopment of the shaft hole at the latter end of the Bronze
age which saw the appearance of a hafted celt. (See Read C. H. on "Archeology"
Encyclopaedia Britannica 13th Ed. op cit Vol. 2 pp. 348, 352) It is possible that
early Bronze age casting techniques were without a solution to the problem of forming
a mould whereby a hole could be cast into the head of the blade.
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copper atensils that proliferated) before or during the Bronze Age in Egypt. By the
advent of the Egyptian iron age, the three possible ways of making wire, forming with

a hammer; forming by rolling and stretching; and draw'mg throﬁgh stone had probably all
been discovered. A method which combined much from all three categories has been
described, 1 and this appears to answer questions_about the manufacture of wire artifacts
(from antiquity) not easily explained solely by the methods outlined above. Wire-making
by 'strip-twisting' and 'strip-drawing' has been proposed where in the first method, the
wire is formed by taking a 'slip' of metal cut from a beaten sheet and twisting it until the
overlaying edges meet and form a rough 'spiralled‘ wire; The resultant thread is then
rolled between heavy slabs of flat stone, to smooth out the surface of the wire. 'Strip-
drawing' consists of taking a 'slip' of thin metal, as in 'strip-twisting' and pull'mg it
through a stone, copper or iron 'draw' die. It is claimed that 'strip-drawing' requires
very little effort in comparison to the drawing of a solid rod - the 'slip' is progressively
formed by successive reduction through smaller and smaller holes and as the size is
reduced, the two edges of the 'slip’ fold into one another and overlap. Ultimately a
wire forms, and experiment has shown that gold can be drawn holding a draw-plate in
the hand. The effort is so slight that, for this reason, draw-plates can be made of those
'softer' metals, copper and soft iron, known in early Egyptian, Hellenistic and Roman
times. Annealing between reductions tends to promote an even easier task.

The techniques described above can be seen to have an advantage over hammer-
worked wire in terms of reduced labour and. an improved product. Examples of all
techniques desqribed above may be cited in items of jewellery made in antiquity. 2 It
should be stressed however, that hammer work was favoured for copper and bronze;
evidence from artifacts reveals that for the less workable metals 'strip-twisting' and

1 Carroll D. L. "Wire Drawing in Antiquity" American Journal of Archeology Vol. 76
1972 p. 321-323. '

2 Carroll D. L, "Drawn Wire and the Identification of Forgeries' American Journal
of Archeology Vol. 74 1970 p. 40 and Plates 69 and 70.
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'strip-drawing' were uncommon. Gold and silver however, answered well to these
techniques.

A large number of other archeological finds have also indicated that these techniques
were responsible for the manufacture of a wide variety of articles at various times. Of
those incorporating wire or wire-rod, a few are worth mentioning. Both the first and
second cities of Troy, after excavation, have delivered up copper wire articles that are
of great interest. Copper rivets1 and almost pure copper nails (weighing 211b) have been
discovered. 2 Further, as early as 3000 BC, pins were manufactured at Vasilia3 in
Cyprus and though not of pure copper (between 2-4% Arsenic) the excavation of these items
indicates the fact that the copper-smith understood that hammered copper made wire for
pins that did not break easily, Indeed, it was far more attractive than thorns or fish
bones for holding clothes, since it could be made to clasp around an ornamental band,
making a pleas‘mg safety pin - a brooch or fibulae.

The hammering of copper, to make it hard (by work hardening), and the heating or
-annealing to soften it, are doubtless methods associated with the ancient crafts which
discovered them in the course of producing objects and articles for everyday use.4 An
understanding of these simple effects provided a method of working on copper that
admitted to many variations of article and use. This being so, the artisans of metal
armed with a certain understanding of alloying, and a knowledge of achieving desired
properties in metals by alloying, heat action or mechanical deformation, came by their
expertise through familiarity with the material. The progression in metal working,
therefore, came by empiricism and very surely allowed parallel advances in smelting
and refining othexf ores, . | {

1  Gowland W. "The Metals In Antiquity" Jrn. Roy. Anthropological Inst. Vol. 42
1912 p. 247, o '

2  Gowland W. "Copper And Its Alloys In Early Times" Jrn. Inst, Metals Vol. 7 1912
po 35"‘360

3  The Department of Antiquities at Oxford (The Ashmolean Museum) possess also
some fine copper pins found at Vounous in Cyprus. They are circa 2000 BC and
appear to be stretched and hammered wire.

4 Aitchison L. History of Metals, 2 Vols. MacDonald and Evans 1960 Vol. 1 p. 214
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With the coming of iron, it was possible to manufacture éuperior weapons and tools
and, in part, dispense with the copper and bronze for everything other than the more
ornamental articles. No real chronological value is afforded by the terms Stone,

Bronze and iron ages - there was really no universal or global synchronous sequence of
the three epochsl- parts of the more advanced civilisations enjoyed a combined Bronze
and Iron age. As a result, by the 5th or 6th century BC, the Persians were ‘making use
of iron draw-plates2 and this superior methed of wire-drawing was later found in the
civilisations of Thrace, Rome and Scandinavia. The plates were perforated with various
sized punches when hot and enabled wire to be drawn of iron,r bronze and gold in
diameters ranging from .02 to . 033 (approximately 25 to 21 S.W.G.).

At Pompeii, buried about 79 AD, cables made of bronze wire some 15 foot long
and .3 inches in diameter were excavated. Each cable had three twists, each containing
15 strands of bronze wire. 3 Some dental treatment in ancient Rome was made possible
through the use of gold wire, which was used to fasten a loose tooth or implant one of
ivory. Either one of the remedies was based on binding, by way of the wire, the affected
tooth to the next one.4 One might expect this grade of wire to be of a consistent and
suitable diameter for the task. Of greater importance though, would be the quality of the
wire surface - smooth and polished, for a draw-plate of iron an easier task.5 Less work
and thus an efficient, and probably more uniform product, was possible with an iron
draw-plate in contrast to wire made by hammering, stretching or roliing.

®oe s 000

1  Articles "Bronze age" also "Iron and Stone (Neolithic) age' Vol. 4 p. 640 and Vol. 14
p. 800 Encyclopaedia Britannica 13th Ed. op cit.

2  While Aitchison and others such as Derry and Williams (who use Aitchison as a
"~ source) are prepared to state this as a matter of fact, some authorities would prefer
to place the draw-plate as late as the 1st century BC (i.e. Russel Robinson) and do
so on positive evidence such as archeological artlfacts, rather than by way of a
retrograde analysis which traces the hlstory to an earlier permd through other types
of evidence. Vide supra Chapter 1 p. 13.

3 Neuberger A, The Technical Arts and Sciences of the Anments Trans. H. L. Bros
Mathuen & Co., London 1930.

4 Beckmann J. History of Inventions and Discoveries J. Walker & Sons London 1814
Vol. 2 p. 222,

5 Vide supra p.13etseq. Wire drawn through a draw-plate became known as "bright
drawn" whereas metals otherwise treated i.e. rolling or hammering and stretching
usually had no designation, but sometimes were referred to as 'black’ e.g. ""Black
Latten",
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Iron draw-plates allowed successive reduction quickly and were relatively easyi to
produce, compared to the arduous task of grinding a hole through stone which, in the end,
resulted in only one fairly unwieldly draw orifice. One problem was that a stone could
prove very difficult to mount in anything, or in any way, that clamped it s;ufficiently for
the task of drawing wire through it, It is hoWever.this, which appears the principal
disadvantagé. As has been shown by numerous excavated examples, a high polish with
excellent uniformity was possible in Stone age work and it seems that had a Neolithic
craftsman the interest and intent of making a stone draw-plate, then he certainly could
have produced an almost ideal implement. However, it seems reasonable to suppose that
by the time metal wires* were utilised and incorporated into early metal working, the
art of stone work (of such excellence) had been lost. Thus, by the middle Bronze age,
the technique of manufacturing stone draw-plates had to be rediscovered. Moreover,
much depended on whether or not the right kind of stone was available in a locality -
sandstone for example, would have been useless in‘this respect.1

Unlike the iron draw-plate, the stone cculd not be quickly penetrated by a simple
punch which, by varying the diameter, could implement a draw-plate carrying a
succession of holes, each one progressively smaller, allowing a range of wire diameters
to be produced. Indeed, if the first hole in the draw-plate was made big enough, little
re-shaping was required of the first strip (or slip) of beaten metal sheet and this
facilitated jointing of one strip to another to make long lengths of wire. As the strip was
pulled through the draw-plate by pincers or by wrapping it around a leather wrist band,
the end would not be completely cleared from the orifice. At this point, previous to the
discovery of soldering, a new strip might be riveted into place, but by 30 BC or earlier
the long-known metal, lead, 2 was being used to solder strips of copper together - other

1 It is a matter of some regret that it is very difficult to determine whether a drawn
wire was formed in a stone or iron draw-plate. Except for surface contamination of
say iron on copper wire, there is likely to be no other indication of the type of draw-
plate. Iron, for example, would be indistinguishable in surface properties had it
been drawn through stone or iron. :

2  Pliny the Elder, knew the material in two different forms - plumbum nigram and
plumbum album - however they appear to be lead and a lead tin alloy used for
soldering i.e. a black and silvery white form of lead. Pliny '"Naturalis Historia
XXXIII Sect, 3-19,

*  Though scant evidence exists for iron wire in this period, this on the whole is not
suprising, considering the change in climatic conditions that occurred - the dryness o
late Neolithic and Bronze age times was replaced by increasing dampness. The iron
would be unlikely to survive the erosion of millenia.



-8 -

soldering alloys in use were those composed of the five commonly known metals, gold,
silver, copper, lead and tin,1 and from theSe metals, brazing and soldering materials
were derived. Copper was soldered by an almost modern lead-tin alloy and examples
of gold-copper and silver-copper soldering is in evidence, according to Aitchison. No
doubt, these solders would have been available in.the form of rod, tape or wire - a
necessity purely from the point of view of handling, especially for the delicate work of
the silver or gold-smith, who would joint with electrum, silver-copper or silver-tin.
Other techniques would have required a powdered metal hence the joining of two "wires"
for lengthening in the drawing stage, would have been accomplished by overlaying two
strips that sandwiched small cuttings of copper and tin. The application of heat fused
the two strips as the cuttings flowed. For good measure, a rivet would be driven through.
This rivet could have been bronze or copper - itself a product of the wire-makers craft.
Whether or not the ancients applied some form of prime-mover to wire-drawing
is not known; though it is doubtful that wire-making was carried out other than by purely
manual techniques, water power may have been utilised. 2 The fragmentary evidence
which is the basis for the earlier descriptions of ancient wire-working, implies that
geographic factors and circumstances were on occasion, necessary for a degree of
sophisticated wire technology. It would seem that the ideal conditions, where a plentiful
and easily accessible source of metal (copper or iron ores) was available - furnace and
smelting technology, plus the art of metal working along with drawing through good hard
stone dies (where the art had not been lost) ~ would constitute the pinnacle of ancient
technology. Such a time in the right locality may have occurred, perhaps at the middle
of the Bronze and at the beginnings of the Iron ages in some of the Mediterranean

es s 0000

1  These metals were identifiable as early as 590 BC - see Ezekial XXII 17-21.
The King James Biblical Text refers to "Brass'"., This name is, in reality, what
today we know as copper - whilst the zinc-copper alloy we call Brass was at the
time of King James, known as Latten or Lattin,

2 Vitruvius is able to describe water-wheels and complex water-drum machinery as
carly as 50 BC. See Bernal J. ‘Science in History. Pelican 1969 4 Vols. Vol. 1
p. 314, Also Vitruvius. De Architectura -. Book 10 Chapter 1, 4, 6 & 7. (Loeb
1931-4). .
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civilisations. We may regard the use of water power in such a scheme as possible,
albeit improbable. 1

This idcalised set of circumstances is a construct Which consists of the important
components that were discovered, (or lost and re-discovered), to form the ultimate
wire-drawing technology for those early times. However, as has been said, it is
improbable that all the factors coalesced anywhere at any one time. Hammer forging of
wire would have been practiced where impurities in the smelt (arsenic, phosphorus
and sulphur) might have made an alloy insufficiently ductile for drawing. ' The same
would have occurred where smelting and forging techniques themselves, were poor
such that iron for example could not be proceséed. If the stone draw-plate was a lost art
in such circumstances, then only bronze or copper would have been avaiiable for metal
working by twisting, stretching or the hammer. A number of like circumstances may
be considered, as too a variety of permutations.

Whatever the manufacturing constraints, superb examples still exist of early metal
working in both the base and noble metals - some, which are wire products, have been
quoted and items such as copper rivets, nails and rod, bronze fibulae and gold filigree
are reminders that the uses and requirements of wire in ancient times were many.

While admiring such works as these, it is worth reminding oui'selves of the
contrasting times in which they might have been produced. Thus, in considering the
disdain with which many Greek and Romans held technology, it is not suprising (or perhaps
it is) that metal workirig in general, and wire working in particular, lost and rediscovered
methods and techniques. Xenophon (circa 430 BC) stated certain Greeks' attitudes in

®e oo e

1  The two great ancient mechanicians who might have achieved this - Archimedes
(287-212 BC) and Heronis Alexandrias (Hero - first century AD) were much later
than the period imagined, and since we have nothing from Pliny, Plutarch, Livy or

~ Vitruvius on such matters, it would appear that the possibility is remote.
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no uncertain terms:-

"What are called the mechanical arts carry a social
stigma and are rightly dishonoured in our cities. For
these arts damage the bodies of those who work at
them or who act as overseers, by compelling them to
a sedentary life and to an indoor life, and, in some
cases, to spend the whole day by ‘the fire. This physical
degeneration results also in deterioration of the soul.
Furthermore, the workers at these trades simply have
not got the time to perform the offices of friendship or
citizenship. Consequently they are looked upon as
bad friends and bad patriots, and in some cities,
especially the warlike ones, it is not legal for a
citizen to ply a mechanical trade. nl

This attitude remained consistent through the Greek civilisation, some 200 years after
Xenophon, it was to be said of Archimedes that he:-

" _ set no value on the ingenious mechanical contrivances
which made him famous, regarding them as beneath the
dignity of pure science, declining even to have a written
record made of them, "2

And though Derry and William53 conclude much the same of the Romans (who depended
heavily on foreign immigrants for technical advances) this serves only to highlight
exceptions, such as Vitruvius. It is perhaps the lack of intercourse between scholar and
craftsman that contributed also to the erratic history of early wire technology as
described above,and it is arguable that the legacy of insular Roman and Hellonistic
science was to impede technology for many centuries - science (and consequently
technology in part) was shackled with the chains of Aristotelian dogma up to recent times.
Though men like Pliny might describe its products, the art of wire making gained little
in invention or ideas from his kind.4 Thus, at the decline of the unified Roman Empire

e ss 0000

1 Xenophon. Oeconomicus. Vol. IV, 203 - reprinted from Fowler W. S. The
Development of Scientific Method. Pergamon London 1962 p. 21.

2 Heath T. L. "Archimedes" Britannica 13th Ed. op cit Vol. 2 p. 368.
3 Derry T. K., Williams T, I. 'Short History of Technology. Oxford 1970 p. 22,

4 TItis, strangely, Pliny who mentions other lost arts - at the end of the section, in
which he deals with "caelutura' - dealing with the works of Greek artists - he claims
that certain techniques are apparently lost arts e.g. silver chasing. However, we
know now that this is not so. Modern archeological finds of the period confirm a
contrary situation. See Pliny. Historia Naturalis. XXXIII 154 sqq.
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(apprux. 300 AD) the upheaval of states, 'cuiture and technology that followed in the wake
of the Barbarians left a void for many centuries where only a minimum of centres of
scholarship would remain. In this time, only a few would chronicle the age and a mere
handful only advanced knowledge, while it was to the East that the science and learning
of the ancients was to find sanctuary and utilisation. What is known of the ancients is
due, in no small way, to the Arab civilisations which flourished during the dark ages of
learning in much of the rest of the world. For some ten centuries, there is little known
of the development of wire-drawing, for the period 300 to 1300 there was no records
equal to those of the untiring compiler, Pliny, and for the understanding of what might
have occurred in wire making during, and subsequent to, the dark ages, it becomes |
necessary to evaluate the scant documentary evidence that is available for those times.
Primarily_however, it is from the artifacts discovered in archeological searches and

the chance findings of remnants, that much is learned.

THE DARK AGES TO 1350

From the 5th to about the 11th century, Europe saw little cultural progress. As
stated in the previous chapter, the final dismemberment of the Roman Empire in the
West (476 AD) broke the tradition of communication and the slave societies that could
support and foster both an intelligentsia and a developing technology. '

It appears that arts and trades, while not improving their relevant technology,
could still service those areas lost in the disorganised lands that surrounded Italy. Alaric
the Visigoth, withdrew from the first siege of Rome (409-10) after payment. of gold, silver
and copper, 1 and we may presume that neither one of the metals Was lacking in value
to him, A deduction follows, in that the availability of copper to the Visigoths, or indeed
any of the other tribes at this time was limited, even scarce, and this is not inconsistent
with the picture of a disorganised Europe, unstable and prone to erratic boundaries.

® 0 ¢ 00 00

1 GrantM. The Fall of the Roman Empire. Annenberg 1970 p. 39.



- 12 -

Mining, smelting and metal working one may relate to political and social stability to
some degree. Such a situation was not to be observed in this period except in those places
once comparatively rich in both social and economic stability and not overrun by invaders.
So, where the metal workers could still find and process ores, and where the craftsmen
could still form the metal and find a market for his wares the crafts and trade would
survive; this, the vestiges of the 'Pax Romana' were able to offer. (The stimulus of war
in metal working remains only so long as hostilities are outside the industrial localities.
Disorganisation follows invasion and the subsequent breakdown of the social order).

We know some of the metal workers capabilities for this time, through stone reliefs
that have been excavated. For the black-smith, tools were fairly advanced, the fifth
century terracottarelief of a black-smith's workshop (found at Isola Sacra, near Ostia)1
gives to us an indication of the range of tools in use at the time. Metal sheet cutters are
shown, as too is a rounded section which appears to be a forming die for making rod or
wire such that a slip, or strip Qf metal sheet might be rovughly shaped by causing it to
fold in on itself when pulled through. Further reduction to rod or wire would be contrived
by the hammer.

The fact that in Europe, the hammer becomes more important in rod and wire
making after vthe fifth century is given support by the absence of any reference to the
drawing of wire by stretching or by use of the draw-plate in any of the few chronicles and
annals available for the period. A vag‘ue description by Muratori, tells of wire working
in the time of Charles the Great (circa 800 AD) but succeeds in informing us only that
wire and sheet were formed by the hammer. 2 ‘No mention is made of wire-drawing by
stretching or pulling through discrete dies or draw-plates and since no documentary
evidence appears extant to indicate the contrary, it_could be concluded that the art of
wire-drawing was lost. But it is more likely that this state of events occurred, if at all,
1 Ibid p. 99.

2  Muratori Luduvico Antonio. Antiquities Italicae Medii Aevi. Venice 1743.Ch. 11
p. 397. The reference of importance 'de fila aurea facere, de petalis auri et
argents". "(The Golden wire, yeilding and easily worked, the thin leaves of gold
and silver -)".
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only bictween the 5th and 7th centuries when, in many parts of the world, wire making
seems to have regressed to the minimum technology necessary for its production as a
consequence of those upheavals in state and culture during this period.

We may infer that such a situation could not stand for long and the appearance of
Norsemen warriors using ring and chain mailed hanberks as armour, would indicate that
from the 4th century AD an advanced art of wire making found refuge in Northern Europe.
It is in this area, in the antiquity of Scandinavia, that the earliest reintroduction in
Europe of ring and chain mail is found.

It would appear that Thracian mail preceded any other --warriors of Thrace were
armoured with plate or ring mail in the 5th or 6th century BC1 and it seems likely that
Scandinavian metal workers harboured the knowledge of it, or rediscovered its advantages
a millenium later, 2 The art of chain and interlocking chain jewellery was known from
about 2500 B03 énd it is in this art that the origin of chain mail is to be found. The loop
or square chain appears first in Minoan jewellery from about 2200 BC. As expertise
increased, in both wire manufacturing and the art of interlinki_ng' to produce chains and
straps made of discrete links, (either punched out or formed from wire), so the ability
to produce mail armour developed until the 5th century, when Thracian warriors had
complete coats of wire made mail. Though at this time, the Persian armies fought'only
lightly armoured, some warriors - those most distinguished by rank or honour - wore
mail armour. Since armour was not of a great tactical use to the Persian armies - they
favoured decimation of the enemy by the bow and fast thrusts by infantry and mounted
troops to produce confusion and division - it is difficult to determine whether first the
Thracian or the Persian rﬁetal workers invented the technique of chain mail. The fact
that Thracian mail appears the more common for this period, indicates a higher

1 From plaques in the exhibition of Thracian antiquities in the British Museum -
January 8th to March 29th, 1975.

2 Compare the finds in Scythian and Sarmatian graves - one from Zharovka near Kiev
contained mail and a Greek Kylix of around the 5th century BC. Its acquisition
however, may have been by way of trade or by raiding Celtic settlements.

3 Wolley C. L, Ur Excavations. Harper 1933 p. 146-149,



- 14 -

production of wire, but not necessarily the invention of the technique to make it. But,

it is likely, that the methods used were Persian in origin. Some evidence that might
support this is the excellence with which Persian armourers continued to manufacture
mail for at least 700 years after the Thracian culture had ceased to exist. A number of
examples exist to support this argument, the remains of both Roman and Persian soldiers
were found at Dura Europus1 and these date to the 3rd century AD, as too does the mail
shirt of Roman origin which is to be found in the museum at Saalburg.

Though not absolutely essential (but some authorities would consider it was)z a
knowledge of wire-drawing (ecessarily) relates to a high volume production of chain mail
and vice versa, and it is through the abundance of this armour during the 5th century BC
that the invention of wire~drawing,as opposed to wire-pulling or hammering, is plé.ced.
How the drawing was carried out is not clearly understood - it may have been stone or
iron in use as the draw-die, but it is more satisfactory in terms of the high degree of
iron work for this time to favour the use of iron draw-plates. The utilisation of an iron
draw-plate is admissible even without the smelting techniques necessary to cast one.

As stated earlier, a cake of iron can be worked when red hot and early furnaces of the
period were able to raise 'iron to a workable red heat, from this a cake of iron would be
hammered into a thick plate, a long steely punch would produce a rough hole while the -
metal was still very hot i.e. after being brought to bright red heat., Emery and a bronze
file would complete the job of making a neater, more uniform draw hole. Indeed, thére is
no néed to presume that any finishing of any great degree was necessary, since wire
drawn through a rough draw ofifice abrades the die and tends to clear it, and, in addition,
rough drawn wire can, in itself, either be polished or stretched into a wire with an
improved consistent surface; 3

It can be seen that in fact no high technique was absolutely necessary to draw wire -
though casting iron was not to be seen until the early middle ages when furnace

® 0000 00

1 The Excavations of Dura Europus. (Preliminary report for session October 1932 to
March 1933) Yale University Press 1936.

2 Russell Robinson H. 'Oriental Armour. Herret Jenkins 1967 p. 10-11,

3  Wrought iron, punched or filed, tends to work-harden at the point of working - the
more ductile metals, when drawn through such material, tended to improve the surfac
by hardening and polishing,
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tempcratures were raised, it was only to improve the ease and quality of manufacturing
draw-plates. 1 Moreover, casting was not the development that heralded mass

production of wire in-as-much as it was only an advance in the general metal-working
technique. For some two or three hundred years, the knowledge of wire-drawing as a
manufacturing technique appears to have been lost. When rediscovered, the old methods
were not to be improved for centuries. The rediscovery (or perhaps an expansion of an
old art) is traced, as earlier stated, to Scandinavia. The so-called '"Baltic Link", the
connection between the eastern civilisations and those of Scandinavia in antiquity, indicate
that the knowledge of the Persian and Thracian armourers and metal workers found its
way, by way of trade or conflict, to Scandinavia. This may have happened as late as the
2nd century AD. The "link" is supported, first, by finds of coins in northern European
Celtic communities which originated from Persia - the "Cufic" coins2 - and more
importantly we niay compare Similarities between armour such as that used by the
Persians and the masked helmet recovered from the Sutton Hoo burial ship.3 By about
the 4th century, the Scandinavian settlements were able to provide the stability, that
Rome had almost lost, to promdte and establish centres where metal workers and
armourers could, with their teams of labourers and apprentices, work undisturbed at
developing their trades. Production of both weapons, armour and utensils was exacting
and time consuming - the ideal conditions, security, fuels, workspace and the
availability of ores, was met; in the lands of Norway’and Sweden. Here, at the beginning
of the Scandinavian iron age - approximately 50 BC - the crafts of hammer and draw-plate
co-existed in the manufacture of wire. What preference may have existed probably
depended on the demands at any one time. The making of armour was probably the most
pressing, \
1  Chilled cast iron - a very hard material.

2 Britannica 13th Ed. op éit Vol. 24 p. 290c.

3  Russell Robinson H. op cit p. 10-11. A full appraisal between the connection of the
Thracian/Persians and the "Teutons' Celts from the Baltic and the Northern Ocean
must include also the migration of these Northern Celts, who originally came from
Scandinavia and swept down to produce the Celto-Thracians. The close blood ties
between the Celt and the Thracians gives added support to the cultural exchanges of
the Thracians and Northern Celts from about the 7th century BC, as does the
development of copper working and the discovery of bronze (and later) the working of
iron in the Celtic communities in the Alps and Danube valley. -
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The interlaying of closed iron loops, or the stitching of wire loops in an overlay on
leather, as an armour, made demands on the wire-smith, not light in nature. The |
quantity of rings and loops necessary for the armour of one man would prove considerable
and would necessitate either a large work-force of wire-smiths or perhaps some other,
easier, technique of production rather than the use of the hammer or stretching. Indeed,
it is apparent from the finds of early Scandinavian/Celtic metal working that the mastery
of the art was almost unequalled for the time and it would be suprising to find that ring
mail or wire of any description was made solely by the hammer., Finds of 4th century"
ring mail were found at Thorbjorg and Vimose, 1 while excellent examples of later mail
coats (circa 800 AD)2 show the advance in the technology of wire, making it doubtful that
these coats would be made using a method any different from the - necklaces of very fine
filligree work, or dextrously woven silver wires'", 8 which have been found and date from
the same period, ibeing examples of the same art found in Rhodian and Minoan wire
interweave and chain work. Thus, it is probable that wire-drawing was much used in’
Scandinavia from about the 6th century and perhaps earlier, and though no definite
evidence appears to exist4 which might support this, there is much evidence for it having
appeared as early as the 7th century. A number of authenticated finds of draw-plates
dating from early Viking periods have been found. ° Of particular note, is the discovery
of a plate by Arrhenius, who describes it as a draw-plate originating from Birka, in
Sweden, having replacable die inserts. But, becausé of their softness it is thought that
1 Britannica 13th Ed. op cit Vol. 24 p. 289d.

2 Britannica 13th Ed. op cit Vol. 24 p. 290c - The mail shirt or coat was called "byrnie
it was often mentioned in Eddic songs. From Beowulf we have:-"The men together: th
war-mail coat shone, - Ring-iron sheer (bright ring-mail)" (Thorpe,l.645,Zupitza 320

3 DBritannica 13th Ed. op cit Vol. 24 p. 290c - The uniformity of these wires is
remarkable.

4 Very little ancient Scandinavian text remains extant today - the earliest appears to be
poetic and is dated circa 900 - it is however true, that from the finds of anvils and
pincers in grave-ships, the art of metal working was held in high esteem.

5 Oddy A. "The Production of Gold Wire in Antiquity" Gold Bulletin Vol. 10 No. 3
1977 p. 82,
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suchplates were used for drawing precious met:als.1 Lewis, 2 reports the existence
of an 8th century draw-plate from Scandinavia, as have other workers. However, in
some cases there is some dispute concerning whether or not the plates were used to mak
wire or short rods for nails. 8 |

Something which gives additional weight to the argument that draw-plates were used
by the gold-smiths are the splendid examples of 7th and 8th century jewellery, known as
the "Garrick Street Ring" and the '"Ring of Ehlla.".4 The first is, in part, made of
""chevron twisted gold wire' while the other has chevron twisted flat-drawn wire in its
construction. What is remarkable about these two items lies in the way the wire - under
microscopic examination - displays longitudinal, aligned grooves and crystals. These
striations are almosf certain indications of the use of a draw-plate, and on a number of
items - mail, jewellery etc. dating from 7th or 8th century Scandinavia or Anglo-Saxon
England - similar surfacee will be seen upon examination. However, what cannot be |
certain is whether these items were made entirely with wire-drawing methods. It is true
to say that though practiced in these times i.e. from about the 7th or 8th century,
wire-drawing was certainly not widespread nor anything like general in its use. Many
items were still to be produced by simpler, more traditional techniques - the hammer
and the anvil, rolling and stretching, would have been methods more common than those
utilising a draw-plate. Draw-plates would Lie expensive in the quantity of iron used and
fairly difficult to make. The long, time consuming wire-making methods were at least

1 It is possible that some wire-drawing dies were made of wood - the expert ship
building of the Norsemen employed a boring technique which used red hot iron rods
to bore through the ships' planks in order to insert plugs or holding pegs. The hole
that resulted from this technique was quite fire-hardened (carbonised and hard), a
similar application could produce a short term wire-drawing die which would be
especially effective for very ductile metals such as gold and silver. Both the boring
by hot rods and the use of fire-hardened draw-plates are methods which, in
themselves, may be projected into antiquity. The Benedictine Monk, Theophilus
(circa 950 AD), recommended that gold and silver chain work be polished and made
more uniform by pulling through tapered holes burnt in oak boards. See Lewis K. B.
op cit p. 5.

2 Lewis K. B. op cit p. 5.
3 Oddy A. op citp. 82.

4  The Garrick Street Ring is to be found in the British Museum‘, catalogue No. 204. TI
Ring of Ehlla is in the Ashmolean Museum at Oxford, catalogue 1836-68 p. 9. See
Jessup R. - Anglo Saxon Jewellery. Faber and Faber 1950 p. 134-135.
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depenaable and cheap. Excepting for those trades which demanded little in material
quantity, for example that of the gold-smith, the wire of iron or copper was a considerabl
undertaking when one accounts for the need to beat plates or bars of large dimension,

slit them into strips, roll the leading edge by hammer and then draw through the draw-
plate to form the wire.1 By comparison, the transition from a bar of red hot metal to a
rod and from a rod to wire could, and would, have been forged by hand using at the
minimum only a hammer and anvil. Wherever capital was available and large quantities
of wire were in demand, the draw-plate would be in use. The armourer in a hill camp or
later a castle, might be expected to have cutting and'drawing equipment. The jeweller
too, on a smaller scale, might be equally equipped since it is likely that such a lucrative
trade might furnish sufficient funds for what would probably be an expensive but necessary
range of equipment. In general, however, it is arguable that the draw-plate was not to

be seen as a common tool in the:period between the 4th and 10th centuries.

It is by returning to the manufacture of chain mail, that further indications of the ;
spread in use of wire-drawing (using a draw-plate) as a developing technique can be seen.
It could only be inevitable, that in those territorial struggles that continued in Europe,
the forced improvement of arms and armour would follow as surely as in any modern war
and just as those skilled in metal working for war woﬁld be strong, those without the skill
would be able to offer little effective resistance. Those marauding Norsemen who, by
their skill in metal and ships could wage war at will, may not have expected to encounter

LI I B )

1  The draw-plate is in itself, as previously mentioned, a not undaunting task when its
manufacture is considered. The casting of such an implement requires a good
furnace, suifficient iron and the expertise necessary to punch through the plate to make
the die orifice - this in itself, would be the most difficult of tasks for the early metal
worker. Alternatively, the plate is cast with a hole in it - but if fine wire is to be
made, this demands accuracy in casting and the grinding or filing of the hole after
cooling. In either case, a draw hole for wire, without Augers, drills, successful
casting techniques or a knowledge of case hardening iron into steel would demand muc]
of the iron~smith - however, with steely punches - often made in ignorance of why a
particular process such as rolling a rod in charcoal made a tough punch* - the draw-
plate could be made, the punch producing the orifice in a plate made by hammering
red hot cakes of iron. * This process of "cementation" was known from about
1400 BC and appears to be an invention of the "Chalybes" of Asia Minor - see Derry
and Williams. A Short History of Technology. p. 121,
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superior weapons and armour. Nevertheless, merely observing a mailed warrior might
have been the minimum that promoted the spread of ring, and chain mail from -
Scandinavia. Equally, merchants of doubtful allegiance would sell and buy both
information and materials from enemy to enemy; trade links, that have throughout history
propagated the way of manufacturing goods,were just as notable in these times. More
important though are those methods by which cultural and technological structures are
transferred from place to place and more probably it was in this way that the knowledge
of manufacturing wire and the complex lihking needed in the manufacture of chain mail.
was propagated.1 So it was that the use of chain mail, a wire product requiring much '
skill in its manufacture in later times, was by the 12th century well established in most of
Europe and equal to anything that had come out of Scandinavia or Persia. As an armour,
which provided the greatest protection coupled with freedom of movement, it adorned
those with sufficient wealth to acquire it. However, the average soldier of the 12th
century, unless under the banner of a wealthy noble, would carry little. The leather
tabard, studded with ring mail or rose studs and small plates was the more common.
Sadly, the technique for making mail wire - and indeed for most ferrous and wire
products of this age, cannot be fully ascertained. Though in the 11th century, the
Benedictine Monk, Theophilus, described in a treatise the tools (tongs and draw-plates)
for drawing wire, the directions for use are not given. The details for drawing copper
as compared to iron are omitted, so an evahiation of the progress in wire-drawing by this
time cannot be estimated from this tract. 3 A reference dated 1265 AD, names one Robert
le Wyrdraer4 (Robert the Wiredrawer), but the value of this is questionable since in itself
it tells us only that the wire was drawn (and not necessarily by the draw-plate; as in

1 See, for example, the history of the ""Le Tene' culture through Switzerland, France
and England as an example of cultural transfer inherent in the movement of the Celtic
tribes previously described. Much the same occurred here as did that described
under the Persian - Scandinavian "Baltic Link",

2 Barron O. "Arms and Armour" Encyclopaedia Britannica 13th Ed. op cit Vol. 2
p. 585.

3  Hendrie R. Theophilus - Arts of the Middle Ages. John Murray 1847 p. 215.
See also Dodwell C. R. De Diversis Artibus. London 1961 Ch, 3 p. 8.

4 Wardrobe account Henry III 1/31 extracted from Murray J. A New English
Dictionary on Historical Principles. Clarendon Oxford 1888 Vol. 24 (W) p. 189
and also Bardsley C. W. A Dictionary of English and Welsh Surnames. Oxford
University Press 1901 p. 820. -
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ancierit times the wire could have been "'drawn" out by stretching). Nonetheless, we may
be persuaded on the evidence above that wire was hand produced using at the minimum

a hammer, and at best a draw-plate and tongs. For this period therefore, it is reasonable
to conclude that the making of wire by the draw-plate was finding favour and genei‘ally
displacing older methods. However, though it may be so that much wire was the product
of the draw-plate, so little of the original meterial remains that the exact degree to which
the draw-plate played its role in wire-making is difficult to establish. But,for the
intricacies of jewellery, the embellishment of sword hilts and handles with fine wire; 1
the draw-plate would be utilised - since the knowledge of the draw-plate was intact for

the period, it may well be that it could only be applied, as in the examples cited above, -
to the most ductile metals. The drawing of iron wire would require a draw-plate better
able to resist wear in. the drawing of iron than those used for the more malleable and
ductile metals. Unless money and good facilities were available for the production of
numbers of draw-plates or some form of draw-die, or alternatively, a process was known
by which the draw orifice could be hardened, 2 large amounts of iron wire - which would
be necessary for full coats of mail or other products - could not easily be manufactured.
For these reasons, it seems that the use of draw-plates would be the object of substantial
capital investment and, as mentioned earlier, the organisation of a whole number of
craftsmen, the availability and smelting of ore, the forging of iron, the processing of
rod to wire, the link makers, the plate makers efc. , all needed to be co-ordinated. This
again implies that particular arts could, and would, develop only in those localities where
resources (money, material and expertise) were available. Just such a set of
circumstances is to be found in the histories of Paris, Coventry, Augsburg and Nurnberg.
Early records of organised wire-industries are to be found there. It has been established

1  The old insignia of the German Empire, the sword of St. Maurice (circa 286 AD),
was supposedly made with a handle of wood bound with silver wire, though this is
not entirely consistent with the story of him being an officer in the "Theben Legion"
exterminated at Octodurum. Roman swcrds were not usually embellished so!

2 See footnote p. 200.
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that Paris had eight wire-drawing works within the city bounds by 1270. These works
appear to have operated under a clearly defined set of Guild regulations, which governed
codes of conduct and the regulation of working hours for wire-drawers. 1 Coventry (and
probably York) appear to have established wire trades by 1150 and Nurnberg and Augsburg
appear probably earlier (approx. 1100 AD).2 It is in Nurnberg and Augsburg that the
development of wire working (following the Dark ages) takes the lead from the beginning

of the 14th century.

THE BEGINNINGS OF THE ORGANISED WIRE INDUSTRY

By the beginning of the 14th century, both the city states of Augsburg and Nurnberg
had become sources for the great trade routes which extended from Italy to the Netherland
Nurnberg, in particular, was of great importance in the 14th century, but it is in Augsburg
that the first mention of wire-drawing as a documented technique and trade is found. As
long as wire was formed by the hammer and stretching etc., the artisans and craftsmen
were called wire-smiths, The records for Augsburg3 .and Nurnberg4 change in 1351 and
1360 respectively, when the wire-smiths became known as "drahtzicker'" or schokenzier"
i.e. wire-drawer and wire-miller. . It is not known why the change in title was made at
this particular time - neither: the name of the wire makers, nor the tradition of the town
recorders would vary overnight, and it is likely that the change in title for these -
craftsmen was a result of both years of transition in the organisation and methodé of
manufacture, and the familiarity of title as far as the town recorder was concerned. Henc
though the records change in 13515 and 1360, it is safe to state that wire-drawing was

1  Thompson F. C. "The Early History of Wire" ere Industry 1935 Vol 2 p. 159.
See also Lewis K. B, "Wire Begmmngs" 1936 Vol. 3 p. 7.

2 Teldhaus F. M. in his “Beitage Z. Geschichte des Drahtziehens' in the Anzeiger f.d
Drahtindustrie (137, 159, 181) 1910 finds the first evidence for the making of iron
wire at Nurnberg as early as 1100,

3  Von Stettan "Kunstgeschichte der Stadt Augsburg'" Vol. 1 p. 223 - after Beckmann
op cit Vol. 2 p. 219,

4 Von Murr '"Journal zur Kunstgeschichte" Vol. 5 p. 78 - after Beckmann op cit
Vol. 2 p. 219,

5 This, of course, is the date at which the Black Death was at its height - I cannot
establish any connection with this however.



- 22 -

'earlie’r1 in invention or reintroduction. The development of an organised wire industry
at this time may be related to the history and development of the trading houses and free
trades in Nurnberg, during the period of interest. Iree trades became financially
dependent on large trading houses who, with capital available, invested in the extraction
of ores, the manufacture,‘ marketing and the general organisation of certain trades to the
point where monopolies appeared. This could happen in Nurnberg, since the town council
approved of the trade receipts which were possible with this organised industry. The
craft-guilds in other towns however, defended successfully against what became known as
the transfer-system. 2 Merchants would offer a cash advance to an independent craftsman
or alternatively a supply of raw material - however, this was conditional in that all
production by the craftsman was to be cleared and sold by, or through, the merchant
himself. In this way, one merchant or a combine gained control of the independent
craftsman and reduced him to a worker in a cottage industry. This system appears to
have operated most successfully in two trades - sheet brass3 and wire-drawing - both
trades requiring a high capital investment in foundries and other equipmeni:.4 Thus,

as the trading houses expanded,the capital available for a high‘cost industry such as
wire~-drawing became available and the profits from wire furnished capital for more
investment. Consequently, by the 1360's the art of wire-drawing, an advanced capital
industry, became established to the exclusion of the inferior techniques that were used
where the cost of a good furnace and a hard-wearing draw-plate was prohibitive, thereby
1 From previous description we know that it re-appeared as early as the 10th century.

2  Augsburg experienced a bloodless uprising in 1368, when the 17 major guilds in the
town consolidated their control. Personal correspondence with Dr, W. Baer,
Oberarchivrat, Stradt Archive Augsburg.

3  Discovered at Nurnberg by Erasmus Edner. He separated zinc from zinc slag or
furnace calamine in the smelting works at Rammeslburg and detected bands of metalli
zinc - mixing them into molten copper he made brass. However, the invention of
brass alloys was earlier,using the Lapis Calamaris method but was not
brass in the sense of mixing definite proportions of zinc and copper to produce a
particular alloy such as 70-30 brass, known today as cartridge brass. See Rickard
Thomas A. "Man and Metals. 2 Vols McGraw-Hill New York 1932 Vol. 1 p. 158.
also Article '"Nurnberg" Penny Encyclopaedia op cit.

4 Hacdecke H. U. Metalworke Weidenfeld Nicholson 1970 p. 76-77.
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protré?:ting the art of making wire by the traditional and more laborious methods.
Establishing such a disparity, forced a recognition of those workers operating under the
protection of the trading houses and resulted in the change of title from wire-smith to
wire-drawer. Hov(rever, as previously stated, this could not happen quickly, and

" consequently the introduction of wire-drawing may be placed some time before the
change in name, in the town records of Nurnberg. Those craftsmen who retained
independence from the combin‘es, were declared unfit to be titled "master' and their work
was designated inferior.1 While in certain instances, this would actually be true, it
was not the case with every trade. Though these ‘'inferior' craftsmen were refused
facilities within the city walls of Nurnberg, they set up their work around the city in

the bushes of gardens2 etc., and in some trades eventually achieved a superior quality
of workmanship.?

The ability to cast iron, now possible at this time with improved furnaces, enabled
the metal workers to produce better draw-plates. - Though the technology to draw wire
by this method accelerated the production of wire, the old traditional techniques; hammer
work, rolling and stretching, were still retained. Yet, while the fame of Augsburg and
Nurnberg spread as the centres of the metal working trades, the rest of Europe benefited
only from the goods produced. The dissemination of technical knowledge appeared not to
be forth-coming. Many trades, for example basin-beating, became "oath—bound"4 and a
secrecy and mystery began to cover some of the trades in Nurnberg. The technology of
Augsburg and Nurnberg therefore appeared as manufacturing islands in Europe - due to
both the reluctance of the guilds and merchants of these towns to disclose their trade
secrets, and equally the reluctance of outsiders to attempt to discover or accept new

1  Eventually, by about 1500 the exclusion was completed by ensuring that apprentices
in the Nurnberg trades were to come only from within the city itself. The craftsmen
became a handpicked elite and competition became almost non-existent, resulting in
an absolute non-competitive, monopolistic trade area. ‘ :

2  They became known as "Buch-meisters".
3 Hacdecke H. U. Metalworke op citp. 30.
4 Ibid.
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methods of manufacture. The crafts and trades in other areas consequently often
appeared not to benefit from the processes and techniques which could be available to
them,

Perhaps the arguments that apply for all the years preceding the developments in
Nurnberg applied during and after the new industry that appeared there, in that the use
of the draw-plate was necessary and essential when, and only when, the desired product
was large quantities of good quality wire, there was a market for it, and the technology
and finance to manufacture draw-plates and equipment was available and warranted such
investment. In circumstances other than these, the making of wire continued to be done
by simpler‘methods - some local industries had need of nothing more as long as poor
communication and an ignorance of better methods persisted, and no threat of under-
cutting by cheaper, more abundant supplies of better quality wire appeared. Moreover,
we may remind ourselves that certain metals are more conducive to drawing than others -
the black-smith would form any wire needed by the hammer since iron would require
great power to draw by plate or stretching. Indeed, stretching, hammering and stretching
again was the favoured method for wire-working outside those centres .such as Augsburg
and Nurnberg where the industry was so far advanced. The quality of wire produced by
those primitive methods other than drawing by the plate were poor and could be easily
displaced by the superior material coming from Augsburg and Nurnberg. The extent to
which competition affected those making wire: by traditional methods, not superseded by
superior technology, is described in some way by the act of Edward III, which lists
"Blanche'" or white iron wire (tinned) as one commodity whose importation was prohibited.
The acts of 1463 and 1484 also list Latten (brass) as well as iron. 2 It seems that
competition against the English (Coventry and Forest of Dean) wire-makers (prior to the

1 A similar act was signed in the reign of Richard III, as in fhis case, in an attempt
to defend home industries. (Hamilton op cit p. 38).

2 Rickard T. A, Man and Metals. op cit p. 536, See also .- Article "Wire' Penny
Encyclopaedia London 1838 p. 476.
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time.of Elizabeth) - was intense, and centred mainly on the imports from the German
wire industries. Coventry had a long history of trades, there were wire-drawers in

the town before 14481 and wire-making by hand methods - using draw-plate and tongs - .
was established probably as early as the Nurnberg trades began wire-making (circa 1100).
Ancient techniques were for this period still in evidence and could be seen even in the
14th century. Lewis, for examble, showed that stretching wire on spools Was still in
cvidence in 13892 (see Plate 11). Stretching strips into wire was, however, a method -
far from satisfactory and the draw-plate greatly improved the quality and ease with which
wire was produced. In 1320, there is reference in the Calendar Letter Book to one Emina
(daughter of William) le Wirdrawrie3 while the Coventry Leet Book of 1430 lists John and
Thomas Smyth, both of whom are described as "wirtilmaker" or draw-plate makers.4
Attempts to improve the efficiency of wire-drawing resulted first in the appearance of a
swing in which the wire-drawer sat (see Plate 12) so as to facilitate a less labourious
drawing action. Evelyn, writing in 1675, described how early English wire-drawers

had learnt from their Nurnberg counterparts, of some 300 years earlier:-

"In this Parish were set up the first Brass-Mills for
Casting, Hammering into Plates, Cutting and Drawing

it into wire that were in England. First they drew the
Wyre by Men sitting harness'd in Certain Swings, taking
hold of the Brass Thongs fitted to the Holes, with pincers
fastened to a Girdle which went about them; and then with

a stretching forth their feet against a Stump, they shot
their bodies from it, closing with the plate again; but this
was quite left off, and the Effect performed by an Ingenio
brought out of Sweden; which I suppose they still continue. "

The "Swedish Ingenio" is indicative of some self-acting machine which operated from a
water wheel, a device which had made its appearance first in Augsburg, and came to
Poole B, Coventry: Its History And Antiquities. London 1870 p. 338.

Lewis K. B, op citp. 7.

Quoted from Murray J. '"Dictionary -'" op cit p. 189.

Ibid p. 332. |

Letter from J. Evelyn February 8th 1675-6 affixed to Page 6 Vol. 1 of John Aubrey's
The Natural History and Antiquities of Surrey. 5 Vols. London 1719. See also
Thompson F. C. op cit p. 161, '

(S
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England at least as early as 1565, when the Xnglish set up wire-works at Tintern. The
incorporation of a water wheel demanded in one machine the same kind of swing as
described above., Plate13 shows the form of machine used for coarse drawing of iron
and it indicates clearly the state of heavy wire-drawing techniques in the 16th century.
Both the water wheel and the draw-plate are now seen to be added to the swinging platform
favoured by some wire-drawers. This is clearly a two-fold development in that the

more ductile metals would require less power to form them into wire than the drawing of
iron. The simple "swing and pull' method would therefore have evolved into a "crank

and pull" technique (see Plate 12), since the drawing of iron demanded relatively greater
amounts of power to draw it. The water wheelb, as a prime-mover, was a necessary
addition in the development and evolution of wire-drawing machinery. It is true, however,
that the provision of the water wheel need not have been implemented in those cases

where copper or "latten‘ were being drawn, since these particular materials could be

cut and stretched from '"battery' (sheets) into sli_gs before being hand drawn by swing and
draw-plate. This, of course, would be wire-drawing on a smaller scale than that of
processing iron, which demanded much more power’ to draw it through, and required
hammering into convenient rods before it cov;lld be drawn.,

The illustration in Plate 1?;k is a convincing example of the ingenuity that was
beginning to be shown in water powered machinery during the late 15th and early 16th
centuries. The workman - we may call him a wire-smith - has dug a pit so that his swing
will be low and will allow him to remain in line with the tongs and rope which pull back
and draw the wire (rod) through the draw—plate.1 The reciprocating motion ié achieved
by utilising a crank shaft around which is wrapped a thick leather sleeve - no doubt
heavily greased - and as the water wheel turns, the crank shaft, which is affixed to the
water wheel, describes its circumference and in a cyclic way causes the rope attached

®ss 0 0o

1 It is worth noting that the draw-plate in Plate13 has been slid into guides of wood
for ease of removal. The guides had a two-fold advantage in that when all eight
draw orifices were excessively worn, thzs plate could be removed to have the orifices
reformed to size by use of the hammer and a pritchel and secondly, the draw-plate
itself would be withdrawn and replaced by another, having a different range of draw
holes.

*  From Biringuccio V. Pyrotechnia. Venice 1550,
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to tho-tongs and the wire (rod) gripped by the tongs to first be withdrawn and then
rcleased. However, it is the wire-smith that man-handles the tongs and it is he and his
swing which, on the return part of the cycle, releases the pressure on the tongs and
swinging forward repeats the cycle. The tu:.;ning of the water wheel once more causes

the rope, the swing, the wire-smith and his tongs - and because he has now taken grip on
the rod once more, close to the draw-plate - to draw back and pull through another portion
of the rod.

A superior machine was known and it is described first by Eobanus Helius Hes'susv
(1488-1540) in the "Urbs Norinberga" of 1532, and also by Conrad Celtes (1459-1508) who
writing about 1490, describes with limited detail the story surrounding the invention of
the machine., He writes:-

"They say that the art.of reducing and drawing rods by

the working of wheels was first discovered by a certain
Rudolfus, who, as he sought to hide the art as a close
secret and acquire great wealth from it, for that reason
inspired a passion for probing into the art in the other
citizens, as normally happens with profitable developments,
especially among auctioneers - and they seduced .and bribed
his son to set out in a model of some kind the workings of
the little wheels inside and the grips (?) which seize hold of
the leaf of steel through the narrow aperture, and so reduce
it by tenaciously pulling it, and when the father learned of
this act, they say that, driven as it were to furious madness,
he determined to slay him, hut that the son kept himself out
of sight and, slipping out of his hands, escaped.

It is unfortunate that there appears no supportirig evidence2 for this account by Celtes

and its credibility is provided with only a minimum of correlation from the account by

1 Celtes C. Urbis Norinbergae Descriptio. Hagenoae 1518 fol. Ch. 5
(.B. M. C. 78. do 3, 1"'3).

2  Von Murr (op cit) could find no trace of such a wire-worker in the records in
Nurnberg. It is likely that the name is & corruption of the title of one of the
Nurnberg trading houses. To construct such a machine in secrecy would require
premises, and capital, this would be inconsistent with the means of an ordinary (sic?;
wire-worker.
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Hessus. With an ornate poetic construction he describes the workings of the machine:-

"For who, observing with how great a mass of wheels it
turns the work, with what force it drags apart the iron so
that it is made perfect by genius, so that now just one or
~two men can do what not even a thousand could when the art
was not yet discovered - who, seeing such things would fail
to admire them, could fail to condemn all those centuries
of idleness reaching back in time of men who never came to
know such things, the brilliant inventions of the men of our day?

A great wheel, driven by the force of the river, carries the
huge cylinder with it, and turning it rolls it round, and the
outer part of this is armed with frequent teeth; these strongly
driven, seize and carry off the little machines which stand in
their way, which would bring to a halt the teeth themselves
and the wheel and the water and the cylinder, loaded with its
huge mass, if they did not seize them.,

Therefore, when the machine which hangs below is seized with
this great force, it moves the whole mass above more swiftly,
controlling the instruments by which the thin piece of black
iron is torn and made thin for various applications, to take on
now these convenient shapes, now those, compelled to be
obedient to its command, that is, by indomitable force.

For you can see heads of iron imitating serpents, one tearing
the'iron with his teeth from the bite of the other; this serpent
holds the lump, the other pulls at it. Now while they are

doing this, they urge themselves on, struggling with one another
in frequent assaults, as briskly as if the struggle on either side -
is for life itself, not iron; and so, as they hold on to the
unformed iron with rapid bites, they work it smooth into a

round thread, which when recovered from the serpent mouth,
comes curving together into a thousand spirals.

What divinity, what memorable stroke of luck disclosed this
art? He was no Thracian or Cretan or Ifalian who shone out
with such genius from which to bestow this art for man's
benefit; No, he was a German, a man of Noricum, "l

ce 0000

1 Hessus E. H. Urbs Norinberga . 15632, Also to be found in Hermann M.
"Lateinische Literaturdenkmaler des XV und XVI Jahrhundents" Berlin 1896 p. 47
(1165-1197) (B.M.11305.d.21/11), _
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The extract is presented with all its intricate détail, and we find within the intricacies

of its structure édescription of the machine and a rather detached reference to its inventox
Clearly, the machinery is water driven and consists not of dne machine, but many, all of
which are driven by a main water wheel and some form of gearing so as to turn a common
axle for all the wire (rod) making machines. The.extract provides us with a clear
indication that the smaller machines, which were run off the main axle, were is some way
self-acting. The reference "they urged themselves on, struggling with one another in
frequent assaults, as briskly as if the struggle on either side is for life itself, not iron;
and so, as they hold on to the unformed iron with rapid bites they work it smooth into a
round thread -" is indicative of some automatic process where the iron is drawn by
continuous action of pincers moving forward, gripping the iron near the mouth of the draw-
plate, drawing back, releasing the iron and then repeating once more. This is further
supported by the reference to "heads of iron imitating serpents, one tearing the iron with
his teeth from the bite of the other; this serpent holds the lump, the other pulls at it -,
Again, this must surely be alluding to the draw-plate (this serpent holds the lump) and the
tongs /pincers which grips the iron and pulls it through (one tearing the iron with his teeth -
and - the other pulls it).

It is apparent that the machinery here described was far from simple in construction.
Apart from the water wheel, and the reduction gearing to drive the axle, Hessus informs
us that there are further mechanical contrivances which he refers to as "little machines"
and we may suppose that by some form of gearing, cams or levers a reciprocating motion
was imparted into a set of pincers so that they were able to quickly draw out iron rod. It
is to be regretted however, that Hessus is sufficiently obscure to leave us doubting as to
exactly what was meant to be conveyed in his description of other areas of this clearly
fascinating machine., Little is to be gained frbm considering such statements as "when
the machine which hangs below is seized with this great force, it moves the whole mass
above more swiftly". Though it must be admitted that in part something might be lost
in translating from Hessus's expert Latin_, such poetic constructs as above donvey little

except to inform us that between the main drive axle and the reciprocating pincer
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movement some intermediate mechanism existed. 1

It is of further regret that Hessus is even more vague concerning the inventor of
the machine. His statement that the discoverer was a "man of Noricum" tells us only
that he came from somewhere in Bavaria or Western Austria - the fact that Nurnberg
lies in this province must remain, unfortunately,.coincidental.

We may summarise Hessus's and Celtes's descriptions and conclude that the machine
described consisted of a set of pincers which by a contrivance of cog wheels advanced
the pincers toward the draw-plate, such that as the pincers advanced they opened, fell
against the projecting iron rod, closed and clamping down on the rod drew back from the
draw-plate. Similar machines were still in use in some parts of Francev in 1833, when
Holland wrote his "Manufactures in Metal"2 but thoughout its life it suffered the same
disadvantages as any technique, manual or automatic, that employed pincers to grip the
rod and pull it thfough. Thus, for a possible 450 years, any rod or wire manufactured
in this way suffered indentation on the surfaczs at regular points along its length. 3 In
addition, the machines, due mainly to their poof construction, tended to operate by a
succession of jerks and any wire or rod drawn in this way suffered an unequal surface.
There was considerable time lost between each stroke of the pincers and even more to
their disadvantage, the pincers would occasionaily fail to take hold upon the wire. Thus,
the machines manufactured in any era which were based on pincer action, and in this class
we include that of Rudolfus, and the machines of Biringuccio (Plate13) and Holland
(Plate 22), provided rod or wire that became notorious for its coarseness. In later years,

®oe0eecse

1 Some insight into this may, however, be provided by Ray's description of the Tintern
ripping machines. Vide supra p. 53.

2 Holland J. Manufactures in Metal Vol. -2 Ch. 14 p. 333 to be found in Lardner’s
 Cabinet of Useful Arts. London 1839. ‘

3 Clements W, J. in his "History of Diamond Drawing Dies" (Wire Industry September
1965 p. 880) reported that in some parts of Europe, within living memory, drawing
tongs were hitched to bullocks which were driven forward and back as a means of
successively drawing wire through a plate. He claims also that quite recently a well-
known firm of wire manufacturers in England received a query from a customer
abroad, asking why the wire which had been supplied to him was free of tong marks.
It seems that this particular customer was still in the habit of receiving wire in that
part of Europe which was marked by tongs; the absence of the marks aroused
suspicions that the wire from England was faulty.
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this drawing came to be called 'ripping" or "rumpling"1 and the defective pincer action,
even when designed to produce a pull proportional to load (by means of ring controlled .
pincers, secec Plate 37, relegated its use primarily to drawing coarse iron rod or thick
pre-finished wire. 2 |

No great departure, in principle,. would be noted if we could examine that "special
water-driven machine which the Germans undertook to int:roduce“3 when the Mineral and
Battery Works (and by the same promotion) the Mines Royal began operations in England
in 1565 and 1568 respectively.4 These operations were begun to exploit the mineral
sources in England. Unlike Spain, England could not supplement her treasury with the
gold and silver from mines in the Americas. Occasionally, a privateer or pirate would
return to England after intercepting a Spanish plate ship but the returns were insufficient
to have any great effect on either the economy of Spain or England. The government of
~ Elizabeth was cohtinually short of money - some 5 millions was spent on wars during her
time and she died owing some £400, 000.'5 '

Woollen cloth was the one commodity that expected a high return from export .and
this was one of the industries in which the Queen's officers Cecil, Pembrooke and
Leicester saw the easing of the countries economic position.  The cloth making required
"wool cards", a wood block with leather on cne side and a handle on the other. Into the
leather were impressed many short wire teeth, By running raw wool between the teeth of

1 It is interesting that the root of the English word "rumple" is the middle lower Germa
"rompelen' which means creased and wrinkled. Indeed, the modern German "rumple
meaning (as in the English) lumpy, uneven or rugged, maintains the usage. From thi
it seems clear that the coarse drawing of wire had its foundation in the German water
driven machines described above and lessens any doubt as to where the machine
originated. However, it is more a comment on the character and application of the
machines. We are left in no doubt as to the quality of rod and wire that mlght be
produced by them. See ref. 2 below,

2 Holland J. (op cit p. 332) says of the technique - "it is still to be met in some of thos¢
old establishments where expensiveness, or want of convenience, preclude the use
of rollers, and where the "rippers'", as the workmen were called, care little about
modern improvements. " ‘ ’

3  Hamilton H. op cit. It seems that Hamilton had a confused understanding of exactly wk
machines the Germans were to introduce. In explaining "battery' - the process of
flattening ingots into plates by means of trip hammers - he says that this is the
operation the Germans were going to mechanise by water power - 'this is the process
which the Germans undertook to introduce'. This is stated in the footnote to page 3
and yet, the same again is to be found on page 19, In this instance however, it is a
reference to wire-making - '"this is the process which the Germans undertook to
introduce" - infact the implied distinction did not exist, they introduced both.

4 Ibid p. 10-13. 5 Aitchison L. op cit p. 394.
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two ocards the fibres of the wool would be aligned and interlaced.1 A similar technique
was used in ''combing" the wool which was an operation designed to remove short fibres
and foreign material. The production of wire was an essential home industry to be
nurtured if restricted imports of foreign wire were not to handicap and gall the English
cloth-makers who would req_uire innumerable wool cards and combs. In short, many
card-makers and wire-workers were busy throughout the country and it was expécted that
the manufacture of home-produced wire of copper, brass and iron would have a marked
effect on the economy of the country, in general, and the wealth of the Mineral and Battery
Works and the Mines Royal, in particular., It was, however, an individual who figures
prominently in the beginning of the Mineral and Battery Works, which eventually achieved
a wide spectrum of priviledges for the workings of metals in England. This individual
was the Assay Master of the Mint, William Humfrey. 2 Humfrey had intended to set up a
brass works at whatever location could supply the proper copper ores. Christopher
Schutz, manager of the zinc mining company in St. Annen Berg in Saxony, who as an act
of faith "'was bound in the sum of £10,000 to communicate his art of working metals"3
was linked to Humfrey in the same way as Daniel Hochstetter4 was linked to the managers
of the Mines Royal. Both men had been part of those Germans whom Queen Elizabeth
had "sent for" and "other foreigners (some Dutch) whose mines are plentiful (and the arts
pertaining to them) who might put us into the track of managing ours in finding and digging
them and in smelting ahd refining metals., n

In 1561, Hochstetter was empowered to search for, and was "granted the mines of
eight c:ounties"6 and to this end he began work. | Humfrey, however, had to find his own
1 Hamilton H. op cit p. 8 and footnote.

2  The letters patent of Elizabeth dated 1565 refers to him as our '"faithful and well-
beloved subject William Humfrey, Say Master of our Mint within our Tower of London-

3  Stringer M. Opera Mineralia Explicata London 1713 p. 34. He was described
as "one Christopher Schutz, an Almain born at St. Annen Berg under the obediance of
the elector of Saxony; a work man - of great cunning, knowledge and experience as
well as finding the calamine stone called in Latin, Lapis Calaminaris - right and
proper for the metal called latten and in reducing it to be soft and malleable." See
also Rickard op cit p. 538 and Collingwood W. G. "Elizabethan Accounts - 1564-77"
Transcription of the books of the German mines in the Archives at Augsburg.
Cumberland and Westmorland Anthuarlan and Archeological Society tracked series
No. VII Kendall 1912

4 Hochstetter came with Ludwig Haug and Hans Louver of the Augsburg firm of Haug
and Co.

5 Rickard T. A. op cit p. 538,

6 Pettus SirJ. Fodinae Regales. . London 1670 p. 20. See also Grant dated 1565 -
Domestic_State Papers Elizabeth 35, 3; Calendar 1547-1580 p. 245. :




- 33 -

ores~lo begin his operations which though based on an extensive licence, could not
conflict with those mines protected under the charters of the Mines Royal. This charter
allowed the Mines Royal to operate those inines of the '"precious metals" and copper in
the counties of Westmorland, Cumberland, Leicester, Cornwall, Devon, Gloucester,
Worcester and the principality of Wales. Humfrey and the Mineral and Battery Works
could work those areas not covered by the Mines Royal. However, the two conflicted
since copper deposits of the better kind had already been ceded to the Mihes Royal through
the quick and effective detection of deposits by Hochstetter. But this conflict was soon
resolved as it became apparent that the Mines Royal couid find a good market for their
ores with the Mineral and Battery Works. In this way, the two companies complemented
each other.

Humfrey and the Mineral and Battery Works had, as an essential part of their
- privileges, the: rights to manufacture wire of any metal. With the availability of good
iron ore in the Forest of Dean and coal from the Bristol area, Humfrey and his workers
crossed the Wye and set up works in the proximity of Tintern Abbey. Though difficulties
were experienced in making brass - Humfrey's originél priority - iron wire was produced
in July of 1567 and it was not long before some 25 cwt. of wire was being produced each
week. Brass wire (for various purposes, but particularly pin making) began to be
produced in 1568, and within the same year both the Mines Royal and the Mineral and
Battery Works, upder the guidance and efforts of Cecil, became incorporated.1 The
resultant joint stock company was significant in the history of the English wire industry,
since for the first time wire was being made within an organised metal-working consortiur

As Tintern was beginning production of wire, with the help of Germans who had
pérfected techniques of wire-drawing at Augsburg and Nurnberg, a new technique had
appeared in Nurnberg itself. As early as 1545, Andrew Schultz had brought to the city
from Italy a new method of drawing gold and silver wire, a method and ntype of wire not
before produced in Nurnberg, or known in Germany before this time. 2 Gold fringes made
1  Hamilton H. op cit p. 14—16.‘
2 Beckmann J. op cit Vol. 2 p. 228.
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of wire from the process were cohsidered of great novellty and value. 1 The drawing of the |
wire itself, was carried out by means of carefully manufactured draw-plates and spooling
drums designed to pass the wire back and forth between successively smaller holes in the
draw-plate. Thin slips of gold were pointed at the end which allowed a section to protrude
from the draw die. This section was then pulled through by pincers, coiled once around a
horizontal spooling drum and drawn through by tux"ning the drum by hand; 2 After drawing,
the wire was run between two flat metal cylinders and the metal would come out as a '
regular consistent strip of "tinsel" or "flattened" wire. This "flatting" process was itself
not entirely new, Beckmann refers to the flatting-mill at Breslau in 1447 and another at
Zw10kau in 1506. The mventlon was originally Milanese, bemg finally a technique whose
machinery - two high grade steel rollers and a winding mechamsm was only available
from Schuazabruck in Saxony; except when, (after the death of these artists) this was
again lost, they could be obtained from Neu.fchai:el.3 The art of "flatting" wire was
designed to allow silk or textile threads to be Wrapped in gold or silver to produce
gorgeous clothing. The threads came from the rollers with a flat surface which could,
with little work, be burnished to a high brilliance resulting in clothes which would
shimmer with the lustre of polished gold or silver. By carefully combining the two
processes, Schultz produced a desirable commodity. '

Though the machinery for making this material was both difficult to operate and
when Beckmann wrote in 1794 ngtill in its infancy", the flatting of wire had from the
1540 s, as it had had in Roman times and earlier, the potential as a lucrative industry.
Schultz failed to make much of his technique, but others did. Probably in the early 1600 s,
the Augsburg mercantile family of Hopfer brought to the city, the Venetians, Gabriel and

L IR )

1 Ibid. It seems thatlarge sums were spent in importing hand made versions of it.

2  Vide supra p. 60 - some insight into the source of this technique is provxded by
Biringuccio in his Pyrotechnia. See Chapter 1 p 57.

3 Beckmann J. op cit Vol. 2 p. 221.
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Vincent Marteningi who were ‘superb workmen in the art, From their expertise, an
Augsburgan, George Geyer, learnt the technique and by 1698 the patent for flatting wire
went to Geyer and some others, notably Joseph Matti and Moriz Zech,and they gained
monopoly on the production of the wire. In this way, '"flatted" wire became established
as a wire product of importance. X

This degree of importance was due however, to the introduction into Nurnberg in
1570 of the fine drawing of gold and silver wire by Anthony Fournier. 1 While Schultz
had drawn wire sufficient for the flatting-mills and of satisfactory dimensions for
clothing, Fournier drew wine fine enough for weaving into cloth directly, apart from
wrapping around textile {ibres. This was a contribution toward economy - a course drawn
wire beéause of its diameter, consumed a greater quantity 6f gold or silver if wrapped
around a thread and produced thick and unworkable threads. The act of flatting avoided
this problem since a greater surface area with a lower profile could be produced when
silk etc., was wrapped with "flatted" wire. The cost was greatly reduced even though
the flatting process was an additional production cost. 2 Now, with Fournier's process,
which improved on the technology of Schultz, the need for flatting was no longer necessary
and the wire could be utilised direct. In 1592, Frederick Hagelsheimer (also called Held)E
moved his manufactory from France to Nurnberg and obtained a patent of manufacture
which continued through him and his family until 1622. This monopoly, utilising the
Fournier process, was for the production of precious metal wires used in the making of
fine cloth and net.4 By the 17th century, John Fournier at Fraystadtlein, | and in Nurnberg
and also Frederick Held of the ancient family of Hagelsheimer, had both acquired
considerable wealth from the manufacture of '"flatted" gold and silver wire. 5 The source
of this wealth however, must be attributed to the work of the early Italian wire-drawers,
1 Von Murr (after Beckmann) op cit Vol. 5 p. 88.

2  "Bericht von Gold und Silber Dratziehen; von Lejisugo" Lubeck 1744 p. 199 after
Beckmann op cit Vol. 2 p. 220.

3  Von Murr (after Beckmann) op cit Vol. 5 p. 88.
4 Beckmann J. op cit Vol. 2 p. 228,
5 Von Murr (after Beckmann) op cit Vol. 5 p. 88.
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for ag early as 1535, some ten years before Andrew Schultz moved from Italy to
Nurnberg, Biringuccio reported that:-

"Wire - can be made in any diameter and length -

so long and thin that it is woven into cloth for dresses
just like linen and wool, and it is embroidered in the
company of silk without distinction. "1

We may conclude then that the wealth acquired by the families of Held and Fournier were
founded on processes well established in Italy, but due to poor communication - either
contrived or accidental, 2 remained unknown in Germany until the arrival of Schultz.

In 1565, a distinctive example of the gold-smiths working apparatus was designed
and built by Leonhard Daner (1497-1585) a winepress screw manufacturer of Nurnberg,
(see Plate 18).

No doubt arising from his expertise and experience in mechanical gearing, and his
understanding of mechanical advantage derived through his experience in manufacturing
screw threads, Daner constructed an elaborate but supremely functiohal hand-cranked
draw-bench of the type called a "cric'. The machine is notable for both its engraving,
which covers the méjority of gear and bearing housings; and for the fact that it is the
first of its type known, and the earliest example still in existence. The machine, which is
now placed in the Museum De Cluny in Paris, 3 is operated by crankhandles which,
through reduction gears, drive on a rack in the direction of cranking by 11.8 mm for
every turn of the crank, The radius of the crank is 385 mm and the total pull of the grips
for one tooth displacement of the crank gear can be as high as 210 kg with only one kg of
effort applied to the crankhandle. This machine incorporated refinements of an advanced
nature, one of the most important being in the way the draw-plate was arranged. The
machine could draw wire or moulded strip and to provide the latter, an adjustable draw
die, consisting of a pair of plates, each forming half the geometry of the shape to be
1 Biringuccio V. Pyrotechnia Venice 1550 Ch. 8 p. 139.

2 Trade secrets were often jealously guarded.

3  Catalogue de Musee de Cluny a Paris - inventory "banc d'orfevre' - Cl 16880 a.
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drawn, was incorporated. Normally, one plate was arranged to lie above the other, but
later instead of two forming plates, one mounted above the other, the static bottom plate,
which would have simply drawn a smooth face on a strip, was replaced by a roller, thereb
drastically reducing the total friction met in the drawing process. 1 This particular
refinement is possibly borrowed from the technigues used in the rollers to be found in the
flatting mills - indeed it suggests an early basis for the technique of rolling metal into
bars from forged rods. This conclusion was suggested in a paper by Fremont in 1908, 2
Before leaving Daner's machine, it is necessary to mention the way in which the drawing
tongs have been fashioned. Here, unlike earlier machines, the grips are short and
rugged with compact jaws and short arms which are hauled together by a ring,(see Plate 5
This most functional tool has its utility and design flattered by surface engraving, making
it seem ornamental rather than practical.

The machinery which was earlier used in flatting3 was not dissimilar to that which
finally became common in the process of rolling. However, 'battery', which provided the
same end product, was the more common process and was traditional, having its origin
in the manual working of metal by the hammer and anvil. Both processes required the
reduction of a cake or ingot of metal into a strip or plate and necessitated hammering or
compression while the metal was red hot and malleable. Some flatting was carried out
by a small trip hammer and the scaling up of this, by increasing the dimensions of the
machine, allowed the reduction of a bar of metal into a thin enough plate to be cut into
strips, prior to the act of drawing it‘into wire. This kind of machine, along with
ore-crushers and drawing machinery was imported, after 1566, into England to promote
~ the mining and metal working of the Mines Royal and the Mineral and Battery Wofks.

1 TFremont C. H. "Le Banc D'Orfevre du Musee de Cluny" Bulletin De La Societe
D'Encourag. pour L'Industrie Nationale - January 1929 p. 67-74.

2 Fremont C, H. "Le Debut de L'Evoluticn du Laminoir" communicated to Academie ‘
des Sciences de France in April, 1908 Journal of the French Academy of Science
Vol. 12 (1908) p. 15.

3  Machines for this process were still being made in the 1890's - Bucknall-Smith
op cit p. 25.
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At first tilt-hammers, for making pla‘te and bar, were hand operated, (see Plate 15).
But, by the end of the 16th century, the majority of continental metal works of any note,
and also by this time some of the English ones (e.g. Tintern and later in 1606-7 - .
Whitebrook), operated as industries where most of the processes for wire-making were
water powered. The ore-stamping machines, and also the water powered trip-hammers
(see Plates 16 & 17) had certainly all been invented by the time full scale operations had
begun at Tintern, in 1567, and similar machinery could be seen at the works.

It was said that as early as 1597, some 5, 000 workers employed in the wire industry
throughout England depended on Tintern wire for the manufacture of a variety of goods.1
However, the quality of the English latten or brass wire was, at times, suspect; in 1638
it was reported that the English wire was inferior to fqreign and of little use in pin-making
of the finer sort. 2 This was, however, not necessarily a reflection on the expertise of
the English wire-drawers, but more a comment on the quality of the latten used in the wire
With varying success, Tintern continued operations and its survival may in some way be
attributed to its early failure to produce a brass which was workable into wire. In any
case, Tintern had no brief, concerning brass Wire, and the failure to produce a
satisfactory wire from brass was of no great loss. Pettus,commenting on Tintern's
adherence to the manufacture of iron wire, said that Tintern's patents covered "~ only iro:
wire for the making of which, we have mills at Tintern in Monmouthshire. nd Pettus
also commented briefly on the general' process for brass wire:-

"- but if you make kettles of it, and other work then
cast the stone into great pots and large pieces purposely
for it, which stones are called Brittain or Britanish
stones or Lapis Calaminaris (because they come thence)
from which they cut afterwards some ingots; and from -
them draw wyers, and beat out what they please for
other uses."?

®eo 0000

1 Paar H. W. and Tucker D. G. "The Old Wireworks of the Angidy Valley at Tintern"
Jrn. Hist. Metallurgy Society Vol. 8 part 3 1975. '

2 Hamilton H. op cit p. 52,

3  Pettus Sir J. Fleta Minor. a franslation by Pettus of the work of the German .
Assay Master General, Lazarus Erkern - Thomas Dawks London 1683.

4 TIbid p. 286.
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Tintern had totally relinquished its interests in any other type of wire except iron by
about 1568, when the Mineral and Battery Works took over the lease. 1 It was rare that .
Tintern produced wire of any gauge likely to be met in the workshops of the gold or
silver-smith - nor is it likely that the processes devised by Schultz and Fournier would
have been used if indeed they were at all necessary. The smallest gauge available from
Tintern appears to have been equal to a diameter of . 024 inches (called 7 band) while the
largest exceeded .3 of an inch. 2 The working of iron into wire required a different methoc
of preparation than did copper or brass. Battery would be used to forge a rod rather than
a plate or sheet., Whereas copper or brass was commonly slit into strips to be drawn,
iron needed to be preformed into a rod at red heat to enable it to be worked into wire.

The forming of iron into plates, so as to follow the same process for brass and copper,
was arduous and unnecessary. Water power could eliminate many of the difficulties
encountered in prbducing wire from iron. Ripping or rumpling, the first process of
drawing forged rod into rough wire, required a great force and this was supplied by
utilising the water wheel. The traction necessary to draw thick rod through the draw-plate
was impossible, except by incorporating either water power or teams of horses and oxen.
Though uncommon; mills using animal power did exist.3 'However, the very existence of
a technique, such as ripping, allowed the initial processes at the forge to be modified so
that a bar could be cast, or forged, with a trip-hammer. In this way, it could go directly
to the ripping machine. It was unnecessary to beat out plates of metai directly into thin
sheets so that they could be cut into strips (or slips) and reduced to a thickness suitable
for manual drawing benches.* This could be achieved better by coarse drawing with the
ripping machines, which would successively reduce the rod to the poinf where it was

1 - Paar H, W, and Tucker D. G. op cit p. 5.

2 Hamilton H. op cit p. 49. A wire merchant called Steer, enticed some workmen fromn
Tintern to begin a wire works at Chilworth, near London. This was done because of
the difficulty in setting up machinery, still at this time known to only a few specialists
In order to evade a charge of violating the privilege of the Mineral and Battery Works,
they first used horse power as a prime-mover. It proved too expensive and they were
forced to introduce the German water wheels.

3  Donald M. B. Elizabethan Monopolies, Oliver and Boyd 1961 p. 101.

*  Such a process was, during Tintern's early operations, tried at Dartford. In 1590,
Godfrey Box developed a patent of Bovis Bulmer for the cutting of iron sheet to make
nails. (Donald op cit p. 103).
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suitaple, in Tintern's case, for the medium and fine wire swing drawers.1 In short, even
casting could be utilised, the long process of hammering the metal to sheet could be done
away with, as too could the cutting of the sheet. In addition, rods rather than wires could
be cast and formed by the same methods and because cast or hammered rods could be
made longer and processed while still thick, ultimately the drawn wires could be longer.
Without water power, and by this time,the now wide spread and well-known ingenuity of
Augsburg and Nurnberg mechanicians - England could still have had wire made only

by hand and swing. 2 By 1683, Pettus can say '"- but how the kettles are beaten and the

wyre to be drawn and extended by water, is to be seen at Ilsenberg and many other places.

The relative efficiency of these improved techniques is indicated by the statistics
available for Tintern in the latter part of the 17th century. In 1695, Tintern's upper forge
produced 61 tons of "osmonde'" iron, all of which went for "fine" wire. The lower forge
produced some 81 tons of merchant or bar iron.4 This total of 142 tons compares with the
60 tons produced in 1597. In 1574, the drawing of 36 stones of fine wire was accounted for
at 10d per stone,5 while its selling price was 3s 9d per st;one.6 The larger gauges (e. g.
'Northern' wire) were made for 41d per stone but sold for 5 shillings. By 1747, fine wire
was being made for 5d per stone. 7

The fact that copper wire-drawing was not, for this time, a technique within the gras)
of everyone is demonstrated by the patent of 1636 granted to one George Danby, giving him
the right to; '~ the sole melting of copper and casting the same into ingots and making it
fough to draw into manufactures - the said copper may be drawn at the bar"8 and:- -

"~ taking only eight pence a pound for drawing thereof
as now is usually paid, because if an unskillful or a
malicious man should have the drawing of it they may
spoil the same." '

~

oo 00000

1 Vide supra Chapter 1 p. 63.

2  Vide infra p. 25..

3 Pettus Sir J. op cit section 7 p. 287,

4 Paar H. W. and Tucker D.: G. op citp. 1.
5 Donald M. B. op cit p. 108.

6 Ibid p, 102.

7 Ibid.

8

British Patent No. 96 op cit. Actually "barre" (the middle English) appears to
refer to the draw-plate. '
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Apar-t from the insistence that the drawing of copper wire was not an art mastered by
everyone, the patent is important in respect of its claim to "makmg hard iron soft, and
copper tough and soft." This is a clear comment on the importance of making available
the right kind of metal before any drawing could be carried out. Though we might, from
this point in history, presume that the drawing of wire in Danby's time was a complete
and familiar technique, it is only by way of such patents as his that an appreciation of the
limitations of those methods in use at the time can be had. Danby's patent éhows how
important the mechanical properties of the metals to be used in drawing really were.
Though it is true that Danby would make every effort to colour his patent specification, in
terms most favourable to himself, there is no doubt that it conveys a good indication of
the problems to be overcome,at this time, in the preparation and processing of metals.
Clearly, a hard iron or a soft copper would not do. The iron would quickly damage a
draw-plate or be‘ impossible to pull through, a copper which was too soft would choke the
draw-plate and break apart. To some extent, these deficiencies could be remedied by
either the improvement in the characteristics of the raw material or by improving the
wire-drawing techniques and those components of the wire-drawing machines which
demanded specific types of raw material. Hard cast iron for draw-plates was a necessity
and the casﬁng of plate was a profitable exercise which was seized in 1638 by Sir George
Horsey and some others. 1 These men, not unlike certain predecessors (and ultimately |
those who came later)2 improved the quality of metal available to manufacturers, thereby
easing the difficulty of converting poor raw material into marketable products. This
could however, be a philosophy which presented difficulties. Preparing a raw material
suitable for a particular manufacturing technique could lead to a product which had severe
disadvantages, due to the need of orienting its manufacture around the specific prop_erties
of a raw material. Consequently, iron suitable for drawing into wire might not be

1 British Patent No. 117, May 1638.

2  See the numerous British Patents - 113, 170, 192, 206, 239, 264 etc. etc., which
purported improvements.
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suitable as a wire expected to resist loads when in tension, nor one which would be
particularly stiff. So it was, that in 1670 Prince Rupert of the Rhir'le1 took out patents
for converting tools and wire formed of soft iron into steel. The patent also covered the
preparation of the metal before it was to be worked:- - preparing and softening all cast
and melted iron so that it may be filed and wrought as forged iron is.'" But of singular
importance is the section in the title of the patent which reads:-

"Converting into steel - tools files and other
instruments forged and formed in soft iron -

. . or s 2
as also all manner of iron wire after it is drawn -".

Rupert considefed this technique so important that to safeguard the methods employed, he
applied for security in the form of a patent which gave him authority to:-

- take and administer an oath to the several
workmen, artificers and persons concerned
in Patent 161 neither directly nor indirectly
to divulge the same, "3

It may be inferred from this that vif every wire maker or metal worker knew of the process
then no benefit would acrue to Prince Rupert, especially if the process was thought to be
unique and likely to be very valuable. In the event, however, there was little gain4 - the
process, an annealing and case-hardening technique used in conjunction with hot charcoal -
was doubtless known to the metal workers in Germany and appears to have been
communicated to the Prince during his journeys in that land. (Rupert had spent the years
1654-60 in Germany and no-one had been able to trace h1m)

Although this present description concerns itself with advances in England, the
omission of any mention of the state of wire-working in other European countries ‘should
in no way imply that the technology of metal working was falling behind. That parallel, if
not advanced techniques,were being utilised in other countries, is demonstrated throughout
More completely - Prince Rupert, Count Palatine of the Rhine, 'Duke of Bavaria.
British Patent No. 161, 1670. |
British Patent No. 162, 1670,

- T "R ]

The patents - 161 and 162 - are spaced some 6 weeks apart (1.12.1671 to 8.1.1672)
and it seems that 162 is much more an after-thought than a premeditated act against
rivals.

5 Dictionary of National Biography Vol., XLIX p. 119 also Encyclopaedia Britannica
13th Ed. (1926) Vol. 23 p. 856,
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the egrly history of the English wire industry by the incessant calls for the institution of
trade tariffs and sometimes the absolute exclusion of foreign wire from importation. In
1597, foreign wool cards were excluded, and card wire was banned in 1628, Again, in 163¢
the import of brass wire from abroad was restric’ced.1 These measures had varying
degrees of success in stimulating home trade but certain restrictive patents had been

issued to people like Danby and others which:-

" straightly charge and command all and every person
and persons what so ever that neither they, nor any of
them do or shall at any tyme or tymes hereafter -
import or cause to be imported - any ingot of copper
upon pain of our high displeasure. n2

Such restrictions had the composite effect of causing profiteering (through monopoly) and
depressed home industries which utilised prod’ucts scarce and expensive because of this.
The restrictive patents similar to those of Danby's tended to produce a deficient and
erratic market for wire, foreign imports continued to flood in under cover of other goods
or in open defiance of trade tarjffs. Indeed, smuggling in wire of all descriptions became
a lucrative business. This, however, was ignored officially. Government statements |
attempted to devalue foreign wire and approve domestic products:- -

"~ iron wire is an art long practiced in this realm -
English wire is made of the toughest and best

Osmond iron, a native commodity of this Kingdom

and is much better than that which comes from

foreign parts -". 3

Similarly, a paper written in 1712 to influence Parliament, indicates a flourishing brass
wire industry. It refers to those members of the United Battery and Wire Company who:-

"— after much puzzling and botching with the assistance
of foreign workmen, brought the art of making brass
wire to such a perfection as to almost totally exclude
the importation thereof from Holland and Germany; so
that they supply almost the whole nation with English
wire to the great detriment of many honest importers."

seo0 0000

1 Hamilton H. op cit p. 283.and 284. The 1597 restriction was a reinactment of Richarc
III's prohibition. o

2 British Patent No. 96, 1636,
3  Proclamation of Charles I, May 7th 1630 - Sloane Collection (B. M. 2483.f. 27).

4 ‘A Brief Essé.y on the Copper and Brass Manufacturers of England. London 1712
(B. M. 8245.a.18).
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We nmiay wonder how the admission "with the assistance of foreign workmen' was received.
This highlights the skill that countries such as Germany, Holland and Sweden had in
producing wire and metal arti.cles. This skill, however, had not been wasted on the
English, and in the 82 years that separated the two statements, the English wire industry
reached the point where it could but do without "'the assistance of foreign workmen''.

Other English‘metal working trades had also made their mark. In 1728, Defoe1
wrote that English brass and copper goods were greatly admired and that they were
achieving a high reputation. Produce of many other countries found itself being displaced
by English manufactured gbods. The foreign industries were quick to react in much the
same way as their English counterparts had earlier, and very soon tariff barriers went
up on the Continent, One would expect these tariffs to result in much the same situation
as had occurred in England, had the past technological deficiences of the English wire
workers been seen in other countries. - This was not the case however. English industries
based on wire had been (and still were) dependent to some degree on the expertise of
foreigners. Many techniques and much expertise still had to come from abroad in the
form of wire-masters, millers and those expert in the mining and refining of metals.
Their understanding of the raw material and methods (used in extraction and working)
supplied the English craftsmen with the material to make high-quality goods and it was,
in the main, the plate, pans and pins which were displacing foreign competition much mor
than the ingots, cast plates and wire, whatever its.quality. (It'is to be admitted
however that even the English craftsmanship was due, in part, to the influx of foreign
workmen into England, especially the Flemings and Huguenots, and of some importance,
Palatines).2 In the past, and indeed at this time, religious intolerance and persecution had
1 Defoe D. - A Plan of the English Cominerce. London 1728 p. 290-91.

2  Hamilton 4, op cit p. 65 & 108.In 1707, in an attempt to revive the misfortunes of
the share holders of the United Societies (the amalgamated Mineral and Battery Works
and the Mines Royal)* the confirmation of charter petition to the Crown had as an
inducement "there readiness to take care of, and settle the poor Palatine refugees
immediately and set them to work'". Several thousand Palatines came to England in .
1709. *This later included some other companies. '
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caused the migration in great numbers of dissenters and religious minorities such as
these. In places such as the outskirts of Birmingham they exerted their industry and art
and in so doing laid a foundation for English craftsmanship. No doubt many trade secrets
reached England this way, though even at this time England was itself riddled with
religious infractions. A guild member, or an oath-bound workman, would retain no past
loyalties after he had been driven from his home-land and it is in this way that jealously
guarded manufacturing techniques became common knowledge in the same trades in
England. The secrecy surrounding processes were to be seen in the earlier examples of
the Nurnberg trades, (as in the case cited above of Prince Rupert); these attitudes were
to persist as late as 1900. 1 To what degree this secrecy was affected, or to what effect
the dissemination of ideas by either refugees or reward-enticed workmen from foreign
parts had on mocking such secrecy, is in some way described by the ineffective trade
tariffs which, though in force at this time, could in no way bar the migrant wire workers'
knowledge in the same way as it could material imports as in the éase of exclusion orders
on the importation of wire.

By the 1700 s, the techniques of manufacturing brass wire in England and France
were very similar, It is not that one or the other nationality maintained any great secrecj
about their techniques at this time, (neither one nor the other could exceed more than a
particular level of technology). It was the cere with which the wire was made that
determined its quality. It was in the excellence of the brass, copper or iron and the
artistry with which it could be worked, that the secrets mainly lay. Tradés such as
tin-plate workers, box makers, Jack chain makers etc., used wire ina whole range of
articles; wire found its way into the making of bird cages, windows, hooks and eyes,
farthingales, troubes, stomachers, womens' tiers, corn skryns, knitting needles, fishing
hooks, bridles, bits, snaffles, girdles, priming wire, mousetraps, buckles, key chains,
pins, spurs, dog couples, hog rings, curtain rings and wool cards. 2 Though two countrie
might produce similar commodities, if craftasmanship were less in one than the other, the
1 Brown N. & Turnbull C. op cit p. 46.

2 J.H.C. opcit Vol. 9 (25th July 1689) also Donald M. B. op cit p. 103,
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tariffs and import restrictions were ill-designed to stimulate the poorer country - they
could not improve quality by attempting to stimulate an expertise that was not there to

begin with,

TECHNIQUES AND PROCESSES - SPECIALISATION
IN METHODS AND MACHINES

The gradual specialisation that began to occur in wire-drawing from about the
14th century, resulted by the 1700 s in the establishment of conventions and preferences i
" methods for drawing wires of different metals. In considering the difference in manufac-
turing copper or brass wire as opposed to iron wire, there is much to be understood
concerning both the nature of producing the metal itself and in the techniques and machine
available to process it. So far in this study, the development of wire-drawing has been
explained in terms which imply a general method for all metals. As has been shown, this
is to a great degree justified for the periods prior to the 1650s. The equipment and
techniques for drawing brass, copper, gold, silver or iron were generally the same and
differed only in the dimensions of machinery and the extraction and preparation of the
raw material. By 1700 however, certain differences, in some cases very marked
differences, became apparent. New manufacturing concerns began to favour the total
control of manufacture. A brass works might process the copper ore, make the brass,
form it into plates and proceed with all the stages of production to (for example) pin maki

The techniques used in such an establishment would differ from those making iron o:
steel wire in many respects although the differences would comply with the necessities of
producing a certain commodity; The jewellér, drawing gold wire would scale down the
size of his drayv bench; the brass wire maker would utilise some of the iron wire makers
processes but perhaps at a different stage of manufacture. The iron wire would demand :
superior draw-plate, often imported,while the jeweller or brass wire manufacturer found
a locally made draw-plate adequate for his needs. In short, by 1700 the days when coppe
brass or iron wire would be made by the hammer, the "swing and pull" technique or hand

drawing were numbered.
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~We are offered some comparison of manufacturing methods,in both different
countries and in different metéls,from a number of sources. To first concern ourselves
with the manufacture of brass wire is to mention a most important industry for this perioc
The demand for brass wire was at this i:ime large, and many changes toward efficiency
and methods 6f pfoduction were perfected by this-industry. Indeed, no stagnation took
place in those industries making brass wire and we ére to see what important contribution
to wire making this industry was to make for some 150 years. For the presént however,
a description of the manufacture of wire at the Dockwra's copper company, in the late
1690's, may be compared with those at a later date and with techniques used for other -
metals. ‘

This compamy1 was founded in 1692 and had its mills on the Mousley River near

"Esher in Surrey. Like others it had access to mines and smelting works. Copper was
| processed into brass and of this some 80 tons per annum was produced, a total equal to
the combined out-put of all other companies working brass at this time. The Esher factox
was set up to produce brass wire for pins but the brass making was carried out on the
premises from cake or bar copper. The factory boasted some twenty four draw benches,
which produced brass wire selling at about £8, 00 per cwt. 2 The complete process for the
manufacture of wire began with the making of brass in small pots, in which a copper
smelt formed from copper cakes was mixed with the zinc mineral, Lapis Calaminaris.
The pots were removed from the furnace and after clearing the dross from the surface
of the liquid brass, the melt was poured between two si;ones3 in order to cast a plate of
some 70 1bs. When cold, the plate was cut into seven or eight slips (by huge manually
operated cutters). The slips were then rolled to stretch them and this was carried out

eo 000 00

1  Hamilton H. op cit p. 103. The company was formed following the revival of the Engl
metal working industries which began after the passing of the 1689 act permitting
anyone to work copper mines. At the insistence of the English Copper Company the
Act was consolidated by the declaration that "~ notwithstanding that such mines or or¢
shall be pretended or claimed to be a Royal Mine or Mines Royal - any law, usage or
custom to the contrary withstanding. " ’ ’

2 Houghton J. A Collection for Improvement of Husbandry and Trade. Vol. 11
No. 256, 257 dated June 25th and July 2nd 1697. Houghton tells us that the company
was set up by Peter (sic - William) Dockwra, he was comptroller of the Penny Post
Office - "there were five stocks raised for the finding out of copper which were callex
Dockwra, Hurn etc."

3  According to Houghton (op cit No. 258) these stones were imported from St. Maloes
(St. Malo) in Brittany and weighed about 1 ton each. See Pettus (vide p. 220) on
Brittain or Britanish stones.
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with occasional 'mealing' if needed. This kept the sheets soft and malleable which was

a pre-requisite for drawing after these sheeis were cut into long threads. After much
successive drawing, the wire was then cut into lengths of five or six yards and again into
lengths of six to eight inches, This,w'ire was batched into coils of a 7 cwt. and for the
making of pins required a further two or three drawings to bring it to size. Finally,
these pieces were pointed, had their heads formed, whii:ened1 and tied into‘bundles for
sale. A "top'" workman codld handle 24, 000 pins per day. 2 ‘

The Dockwra company appears to have been progressive on many fronts. Apart
from patents for moulding iron and other metals,k this company was one of the first,
(arguably the first) in England, to utilise rolling mills for the production of sheet copper
and brass. The rolling mill was to replace the trip hammer in forming conveniently
sized sheets for cutting into threads used in the drawing of wire. In fact, the introduction
of rolling as a méthod of producing sheets, was in some ways a return to the early methoc
of flatting which, like the rolling mills, made use of steel rollers to produce the desired
effect. 3 The use of the rolling mill at the Dockwra factory, at this early period, is
indicative of two points, First, the pfoblem of manufacturing regularly dimensioned
rolling gear appears to have been solved and was within the capacity of the iron masters
and the iron works. Second, the problem of load distribution on the roller axle bearings
appears also to have been solved. The erratic behaviour of both had troubled flatting mill
since the 15th century, and it was this which had prompted Beckmann, writing in 1793, to
say that the management of flatting '"rolling cylinders' requires a dexteri'ty "which only a
few artists possess' and as previously mentioned >(p. .34),‘ he viewed the whole process
as being "still in its infancy".4 The Dockwra company surely did possess the expertise
and enterprise necessary to incorporate rolling gear into their pin-making process. No
doubt the expertise of the iron masters in preducing polished steel rollers, as well as
cast iron and steel needle bearings and béaring housings, coniributed g'reatly.'

With tin and Afgol (salts of Tartrate).
Houghton J. op cit No. 258 and 259, July 9th - 16th 1697.
Vide infra p. 34.

™ o M

Beckmann J. op cit Vol. 3 p. 221,
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~While extensive i‘olling mills were erected at Maidenhead on Thames and at the
Mitcham Copper Works at around this time, it is by no means a sign that the _
trip hammer and fhe process of battery lost favour overnight. It was to continué ‘alongside
a growing popularity for rolling processes for some one hundred years or more; to be
superseded by the efficiency of rolling which ultimately produced a greater output with
extended continuity and an easy conversion to steam power as a prime-mover.

It was the Staffordshire ir‘on masters who appear to have first utilised the water
powered rolling and slitting gear for metals. The working of iron, unlike that of brass,
required much more force and the manual methods traditionally used, (either the hammer
or the levered snips), demanded some method to relieve the iron workers of this arduous
task. The introduction of rolling and slitting of ferrous metals may be dated at |
approximately 1687, for as Plot tells us, the workers in the mills benefited by much:-

'""Not to mention again the vast advantage
they have from the new invention of
slitting mills, "

The process entire is further described by Plot as follows:-

"They work it into a Bloom, which is a square
barr in the middle - Where of those (barrs) they
intend to be cut into rodds, are carried to the
slitting mills where they first break or cut them
cold with the force of one of the Wheels into short
lengths; then they are put into a furnace to be
heated red-hot to a good height, and then brought
singly to the Rollers, by which they are drawn
even and to a greater length, after this another
Workman takes them whilst hot and puts them
through the Cutters which are of divers sizes

and may be put on and off according to pleasure:
when another lays them straight also when hot, and
when cold binds them into faggots and then they are
fitting for sale. n2

In comparison to iron, the drawing of brass pins from brass was, 'in the last

LI B B I )

1 PlotR. A Natural History of Staffordshire. Oxford 1687 p. 164. See also British
Patent No. 254 (Hale 1687) which refers to - a certaine Engine or Rollers to - Roll
or Mill Plates -" Vide supra Ch. 4 p. 113,

2 Ibid p. 163. The reference to Rolling precedes that of the Swede, C. Polheim by
48 years. ,
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analysis, a method founded on convenience. Brass was a material which took to drawing
much more easily than the iron with its comparétively poor ductility, or indeed, the
prohibitively expensive and mechanically impossible steel wire. Though the latter would
have been better suited to making pins, and though expensive, could be got; there were
however some three or four times the number of processes involved to turn drawn iron
wire into steel and then pins, or drawn steel wire (after about 1650) into pins. 1 Iron or
steel wire required much more in the size and the power of machinery used in the initial
stages of drawing, In the early era of drawing wire, the best iron for drawing had been
found to be that made in an Osmund Furnacez, which smelted bog iron using wood as fuel.
The malleable iron which resulted, was of good quality and even as late as 1864, it was
equal to anything associated with the Blast furnace. 3 Such was the quality of the material
that it lent itself to those methods of working which could be achieved in earlier times,
thus, as p_reviousiy stated, the material was suitable for the processing methods of' the
time, but when turned into a product was not necessarily the ideal material for that end
product. Moxon, writing in‘1689 élaimed:f-

"There is another sort of iron used for 'wyer' which

of all sorts is the softest and the toughest. But this

sort is not peculiar to any country but is indifferently
made where any iron is made though of the worst sort,
for it is the first iron that runs from the Stone where it

is melting and is only preserved for the making of Wyer,"

So much depended on the material as to what might be done with it after being worked
Plot describes the rolling of the metal ingots into bars of uniform dimension ready for
slitting. Rolled bar could replace forging, as a superior method of forming iron rod, but
it could not entirely displace battery. Nor was it to compete in producing sheet as
superior as the flatting rollers or sheet follers which developed from the Saxony plate

eescocoe

1 In Altena in Germany. According to Lewis (op cit p. 52) one Johann Gerdes,
experimenting in the drawing of steel wire, threw some out of the window, disgusted
with yet another failure. At the same point,'"men came to cast their water". A
brown "sull" coat formed on the wire and Gerdes, regaining his determination to
continue, found on recovering the wire that it drew without great difficulty.

2  Swedish in origin - Asleom or Esleon iron - see Penny op cit p. 477, As early as 16
however, Ray (Vide supra p. 52 ) refers to it as Osborne iron, while Holland {op cit
p. 331) also quotes Orsmund iron. | '

3 Percyd. Metallurgy. London 1864 p. 320-325.

4 MoxondJ. "Meckanick Exercises'" to be found in John Houghton's A Discourse of
the Necessity for Encouraging 'Mechanick Industry'. London 1689 p. 14.
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rollillg mills. While the slitting of bars or sheet to prepare the material for drawing
could be achieved by the slitting mills, the material for the slitting rollers could also be
provided by battery and bar rolling, flat rolling or casting and forging. In generai, the
use of battery to produce sheet gave way to flat-sheet rolling, while rod and wire utilised
bar rolling and sheet rolling in the preliminary stages. A factory of the late 17th century
would incorporate the battery method as part of a productibn process depending on whether
it was producing iron, copper or brass rod and wire. This périod was still a transitional
one with new methods being introduced and older, traditional, methods still having a use
or preference as a function of the period when the wire works had first been set up. Plot
informs us how the slitting mill was a new invention in about 1670. Not too many years
earlier, in 1665, 'Andrew Yarranton had visited Saxony and returned, after being 'very
civilly treated" (curiously a contrast to the secrecy and mystery that normally surrounded
new processes both before and after this time) with the knowledge of the methods used to t
work plate and to tin it. He was not very successful in iﬁtroducing this into England, but
in 1690 John Hanbury at Pontipool,: began rolling "Black Plates' instead of producing sheet
plate by battery.1 This process, once again, 'had its origins iﬁ flatting and completed the
principal methods available for producing a convenient form of metal able to be slit and
drawn, | |
New techniques, however, did not by their appearance immediately displace
traditional methods. It is easy to suppose that with the arrival of a superior manufacturin
technique, all others will be superseded and abandoned. That this is not the case in wire
technology, will become clear when the wire works at Keynsham are considered - here the
methods for producing wire did not change dramatically from the late i760s to 1927, when
the mills closed down. Similarly, we have an account from the antiquarian John Ray
(1628-1705), of the Tintern wire works which he visited in one of his journeys around
Britain in 1662, (the others being during the years 1658 and 1661). Ray visited the Tinter:

1 Yarranton A. England's Improvement. . London 1681 part 2 p. _181.
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Abbey wire works some time between the 14th and 19th June 16621 and described the
activities of wire making there in his 'English; Words. 2 He begins:~

"They take little square bars, made like bars of steel,
which they call 'osborn ironf, wrought on purpose for
this manufacture, and strain, i.e. draw them ata
furnace with a hammer moved by water (like those at
the iron forges, but lesser) into square rods of about
the bigness of one's little finger, or less, and bow
them round. When that is done, they put them into a
furnace, and neal them with a pretty strong fire for
about twelve hours; after they are nealed, they lay
them in water for a month or two (the longer the better)
then the rippers take them and draw them into wire
through two or three holes.

Then they neal them again for six hours or more, and
water them the second time about a week; then they are
carried to the rippers, who draw them to a two-bond
wire, as big as a great pack-thread.

Then again they are nealed the third time, and watered
about a week, as before, and delivered to the small
wire drawers, whom they call 'overhouse-men'; I
suppose only because they work in an upper room."

Presumably, all the preparation for the ripping house was carried out (for this period at
least) by trip-hammers. The process was in no way unconventional and the extract above
shows how the pig iron was forged in the traditional method to prepare a suitable raw
material, both in its geometry and properties, for the ripping machines. In contrast
however, is the earlier description by Plot, which conveys a more efficient method able
to provide an end product which not only superseded the hammer-forging of bars but was
able to deliver lengths of bar which, with some rolling, could even obviate the necessity
of coarse drawing with the ripping machines. It is a further comment on the times, when
almost three contemporary techniques, brass pin, iron rod and iron wire manufacture,
cach retained the elements for a complete, efficient and continuous wire-drawing process

ee s 00

1  Dr. Derham "Select Remains, Intineraries and Life" 1760 reprinted in '‘Memorials
of Ray. E. Lankester 1846 p. 178. Ray says simply "went to Tintern Abbey and
saw the wire mills there."

2 RayJ. English Words. . H. Bruges for Tho' Burrell. Fleet Street 1674. Article
headed "The Manner of the Wire Works at Tintern in Monmouthshire''.
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Ignoxance of other industries or a reluctance to ‘break with tradition, were often reasons
for the failure Qf one industry to incorporate the best of another. Tintern, no doubt,
suffered from the constraints imposed by loyalties to traditional methods and the lack of
progressive ideas and new money (in the face of reasonable profits still to be gained for
its products). Profitable production meant that the stimulus for change was less. Up

to 1698, the lessees of Tintern had changed 13 times; the method used to make wire though
changed little in appearance even up 'to the 22nd lessee in 1799.1 At this date, the essentic
processes which had been described by Ray, in 1662, were still used as they had been in
the 1570s. Indeed, the ripping machines described earlier as emanating from the early
Nurnberg wire mills, were to be seen little changed at Tintern when Ray visited there. |
In describing the ripping house, Ray continues:-

"In the Mill where the Rippers work, the Wheel moves
several engines like little Barrels, hooped with Iron.
The Barrel hath two Hooks on the upper side, upon each

. whereof hang two Links standing across, and fastened
to the two ends of the Tongs, which catch hold of the
wire and draw it through the hole. The Axis on which
the barrel moves runs not through the center, but is
placed toward one side, viz, that on which the hooks
are. Underneath is fastened to the barrel a spoke of
wood, which they call a swingle, which is drawn back
a good way by the Calms or Cogs in the Axis of the Wheel
and draws back the barrel which falls to again by its own
weight. The tongs hanging on the hooks of the barrel are
by the workmen fastened on the Wire and by the force
of the Wheel the hooks being drawn back draw Wire
through the holes''. 2 :

Plate 19 is a reconstruction of the machines used at Tintern and is based on Ray's
description. It conveys a fascinating insight into the simplicity of operation of such a
machine. 'It will be noted that it appears that the mechanism requireé a workman to be in
attendance, so as to man-handle the tongs onto the rod as the barrel is released by the ca
on the water wheel axle, This is the only part of the process admitted by Ray, as 4
requiring manual involvement. Since Ray also gives us that the barrel "falls to again by
1  Paar H. W. & Tucker D. G. op cit Vol. 9 part1 (1975).

2 Ray J. op cit.
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its own weight" we may presume some automatic action in the machine, after this initial
;setting' by the workmen of the tongs on to the rod. The entire process then, appears to
consist of the follqwing procedure. The forged rods would be taken from the '"wire pool"
and any one rod would have an end rounded on an anvil, using perhaps a trip~hammer and
furnace heating, Alternatively, this could have been done at the early forging stages. In
any event, the end would be either rounded off and/or descaled just before going to the
ripping machine. The rod would then be taken after this operation to the ripping house,
now in a fit state for drawing. The machines awaiting new rods would probably be
disengaged from the water wheel drive by tying back the swingle (or cam follower) away
from the axle cam. The rod is turned so that the rounded, conical end can be pushed
through the draw-plate orifice. The swingle ié released and the workman lifts the tongs,
waiting for the cam position to allow the barrel to swing down cé.using a forward movemen
on the tongs. Asb the pincers, on the tongs, come far ehough up the draw-bench to bite on
‘a section of protruding rod, they are dropped along-side the edges of the rod and a momen
later the cam profile on the axle rises, causing a retraction of the barrel. As the barrel
swings back, the arms of the tongs are tightened by the pull - the pincers dig into the rod
and draw it through the draw-plate. At the end of its cycle, the axle cam would release
the swingle, the barrel would attempt to return and the tongs would loosen. At this point,
the weight of the pincers would be sufficient to cause them to slide down the inclined draw-
bench toward the draw-plate and at the next return of the axle cam, the whole process
would be repeated, progressively drawing through small sections of rod.

Ray tells us that during this operation ''they anoint the wire with Train-Oil to make
it run the easier' and evidently this provision would have preceded the first pull, after
fitting the rod to the draw-plate. As we are iﬁormed further that the rod is drawn to wire
"through two or three holes' it appears that each dfaw-plate had at least two holes or
successive reduction was carried out on one machine by using two or more draw-plates,
each dne behind the other with the first imparting the smallest reduction in the cross-
sectional area of the rod. ‘ |

Since’R‘ay offers no great detail concerning the actual mechanical components of the

machine, it is difficult to assess exactly how it stands in comparison to what is known of
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similar machines both before and after this time. Though it is true that perhaps even
less is known of the machine of Rudolph of Nlirnberg, nevertheless some clear expression
of continuity in operation is found in the previous description, ‘which indicates that these
Tintern ripping machines were automatic. It follows that they differed little from the
machines used at Nurnberg in the 14th century. Such a conclusion is in keeping with tﬁe
history of those machines used by the German wire-millers. Ray's description of these
ripping machines is some 95 years after their introduction by the Germans, and with little
effort the lineage of the Tintern machines may be traced back to those of Rudolph of
Nurnberg. Additional evidence for this is provided by Heath, who tells us that' "the small
wire-drawers' of Ray were, as late as 1806, using theA primitive 'swing and pull' method
for drawing wire, b a method reminiscent of the primitive technique used in 14th century
Nurnberg. ‘

Holland, in describing the self-acting machines still in use in the older French wire
mills of the 18308, provides a comparison between a more advanced machine then in use,
and an older type which is comparable with that fouhd in Ray's description. These French
machines had, in the first instance, an advanced form of tong which, by an expanding -
shank (sce Figure 24), repeatedly gripped and released the rod in the drawing process.
The return cyclye was governed by "an elastic pole":2 which returned the lever during the
dwell period of the cam and brought the mippers' back into position. This construction
appears to be the last generation of this type of ripping machine and the unusual tong actio
is a contrast for this kind of self-acting machine. Indeed, Holland admité that in some
machines the tongs "are constructed differently and are of a more simple form" being
guided in the direction of the drawing-plate and back again by means of a groove set into
the inclined plane. This description is particularly interesting, since it is most probably
the answer to the technique by which the tongs on nr;any previous ripping machines |
maintained a fixed path between the draw-plate and its rhaximum displacement away from
it. In all previous examples, from Biringuccio to these examples cited by Holland, the
1 Vide supra p. 63.

2 Holland J. op cit Ch. 14 p. 333 .
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action of proportioning the pull of the tongs and the pressure of the pincers, to the load,
is achieved by means of a ring or link on the arms of the tongs themselves, (see Plate 35
and 38). This particular method of tightening the tongs, appears to have been highly
successful - as the pull increased, the ring tried to slide back against the angled arms of
the tongs/pincers, thereby closing the arms and increasing the grip. In the example of
the ripping machine quoted by Holland, we see that the "grips" (tongs/pincers) close
initially, and then are drawn back; but in a way that does not seem to be self-regulating
 This type of grip, although closed by the action of the expanding shank, is, if isolated fror
the shank, similar to the ring closed tongs, familiar in the 'many previous illustrations,
and bears also a similarity tol_manually operated tongs. It is to be accepted that the
arrangement of the pincers at the end of the tongs admit to many variations. But, when
comparing the two éxamples above, any appraisal of the two should also include the
caliper type of tohg to be found in the machines, such as those illustrated in Plates 23 and
24. In essence, the caliper griplis decended from the type used in medium and fine
wire-drawing machines of the design known to Daner, Whereas, the ripping tongs are,

at this point in their history, constructed with open jaws producing a pincer action at the
end, this design is modified in later machines so that the tool is smaller, much more
rugged and more efficient; the jaws now being heavy and presenting a larger area to the
sides of the fod or wire. 2 Further, the pull is controlled by a horse-shoe caliper cast
with three pivots, two of them link to the grips and the centre one accepts the drawing
motion from the machine. It seems that the efficiency of this particular design was knowr
from the time when casting in the iron foundries was sufficiently expert to manufacture
such animplement, and this may be placed at approximately the middle of the 16th century
Previous to this, casting or hammer working could only provide tongs or grips of a rougkt

s0e0 0o

1 These became known as Jacobite pincers and as late as 1927, were still to be seen in
use in the Avon mills, Bristol. ’

2  The faces of the pincers would probably be ridged and roughened with a file to form
a serrated surface. :
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and ready nature as is clearly illustrated in the extracts from Biringuccio's Pyrotechnia.
Since Biringuccio's work was completed in 1535 and Daner's machine is dated at 1597,
(and by this time incorporates the new type of grip), the two dates serve as a basis for
establishing the appearance of an important development in these machines.

It appears that the machine presented by Holland as being the last of its kind (sic),
incorporates all the best points to come out of many hundreds of years of experience with
machines of its type. Thus the new type of grip, its operation by expanding shank and a
critical angle for both the draw-plate and the inclined draw-plane, is clearly a constructio:
designed in an attempt to eliminate the probléms that beset this kind of machine throughout
its history. However, though it may be conceded that many problems, such as missing
its grip due to poor control,had been eliminated, it was doubtless as jerky and cantankerou
as the machine described by Ray.

| Thus far, this work has described three machines from three eras, all of which
provided the first process for working iron rod into wire. These ripping and rumpling
machines were becoming obsolescent by the 1690 s, when Plot informs us that rolling rod
and plate was becoming a perfected process. For reasons that must include factors such
as tradition, a less than meteoric expansion of the rolling mills, and the need to maintain
low capital equipment wire mills, the ripping machines were slow to die out. More
important however, may be the fact that the ripping of iron rod preceded as a mechanical
process the medium wire-drawing machines, which incorporated tongs at first but later
grips. These were developed alongside the I:ipping machines and became a familiar metho
of drawing the finer gauges of wire. This familiarity no doubt prolonged the useful
employment of ripping machines in the iron wire industry, but ‘this adherence to an out-
dated technique was never in question in the brass and copper wire industries. : | \
Notwithstanding the arguments against it, ripping proved its convenience as a method by
surviving as a discrete process for so long. However, the prdduction of rolled rods
demonstrated that while ripping was entirely satisfactory for some applications - primarily

the first stage reduction of forged rod to wire - it was of little use in producing precision
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rods gnd shafts for engineering purposes. In 1766, John Purnell obtained pa’cents1 on a
machine employing g‘rooved rollers, designed for making ships' bolts and iron and steel
rods and wires, (Plate 40). Again, this particular idea was conceived to answer a
specific task and was unique on two counts. The first being that the rollers meshed so
that the grooves on the rollers could engage in a precise manner, producing a precise
article in terms of itsAdimensions,and second, tha;t here was an example where the intent
of the rolling was to make rod and wire both continuously correct in its dimensions and of
| a high surface quality. It is self evident that even the comparatively crude rolling and
slitting mills of Plot's time produced better 'iron faggots' or rod, but Purnell‘s process’
excelled even this and by definition, the ripping machines as well. In Purnell's process,
no pincer marks disfigured the rod nor was the wire or rod unnecessarily short. More
importantly howeyer, the rod was finished round.

The rolling of iron or steel wire or rod, by Purnell's method, directly introduced
into the wire industry a technique which hitherto was seldom used where the making of
ferrous rod and wire was the prime industry. The copper and brass industries had long
embraced the methods of rolling and slitting for their trade, Indeed, these techniques
were fundamental to these industries since this approach best suited the processing of
ductiie malleable materials such as brass and copper. The slitting mills could easily
accept sheet brass, even though its source could be both battery or rolled plate. Slitting
itself, was only an extension of the use of shcars to cut the battery into slips.

It was against this background of changing technology and market demands, that
wire-drawing machinery progressed.

1 British Patent No. 854 1766. While Plot talked of the Staffordshire rolling and
slitting mills, appearing in the 1680s, credit must go to Purnell for the direct
application of rolling gear to the manufacture of rod and wire preceding Henry Court.
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TRADITIONAL METIHODS IN THE DRAWING AND PROCESSING OF MEDIUM AND
FINE GAUGE WIRE

With the advent of grooved rollers for making rbd and wire, as in Purnell's

“machinery of 1766, 1 and then later by similar techniques, the practice of rolling copper,
brass and iron rod as a preliminary stage before drawing began to spread throughout the
wire working industries. The inspiration for this was clearly before Purnell and his
method, and may be attributed to the sequence of processes first used in the early
Staffordshire slitting mills. Here was a system of manufacture producing slit bar iron
which, after ripping, could provide a raw material suitable for the intermediate and fine
wire-drawing benches; it gained favour with ma.nufacturing concerns from the time of
Dockwra. Some ‘indication of this is provided by methods similar to that of Purnell's,
which subsequently appeared and are discussed in this work. All such methods could be
classified as initial processes designed to form refined metals such as copper, brass and
iron into suitable states for the drawing-benches where the méterial was reduced even
further into various gauges of wire. Though it has been shown that steel and iron tended t
follow a different preparation (forging, slitting and ripping) compared to the copper and
brass (which was softer and could be processed from battery plates, ''slips' and "threads'
no major differences in production methods were practiced when these metals came to be
formed into medium and fine gauges of wire. Thus, whatever the preliminary techniques
applied to any one metal before its arrival at the drawing-benches, thé machinery upon
which it was to be drawn into these finer gauges, was invariably the same for all classes ¢
material.

One of the earliest accounts of wire-drawing in all its stages, is provided by
Biringl.xc_:cio2 who is quoted above3 as describing a type of ripping machine. His descriptic
is valid for techniques up to 1800 and explains the methods for dxjawing wire of gold, silve:
1 Vide supra Ch, 4 p. 116 and Ch. 1 p. 58.

2 Biringuccio V. Pyrotechnia op cit Ch. 8 p. 139-141.
3 See Ch. 1l p. 26. ' |
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copper, brass and iron to very fine gauges. Plate 28 (circa 1550 - compare this with
Plate 54 of 1760) to be fouind on page 140 of the Pyrotechnia, is an excellent representation
of the type of machinery to be found in the wire-drawers work shop of the 16th century. |
Biringuccio says of one machine that it is "drawing with a heavy capstan", of the other
"drawing - with a windlass'" and finally the smaller machine is described as '"little drums
operated by hand". 1 Biringuccio goes on to describe hov& the machines are utilised in the
drawing of the various metals, but excludes heavy iron in his description since he shows
how this is initially formed by the water-driven ripping machine. Only after the operation
of ripping is the iron processed in the same way as the other metals, by use of the ;
"horizontal drums" but here "it is necessary to have the iron very greatly thinned and
annealed well", 2 In this respect, Biringuccio warns that annealing is essential for all but
the most ductile of metals. In addition, rods formed "under the hammer" ready for
drawing are both énnealed and greased with new wax to promote passage through the
draw-plate. 3 Draw-plates even in this period, as indeed from the time of Theophilus, had
rows of holes of successive sizes, thereby making progressive reduction on either the
capstan or windlass types of machines possible, to the point where self-acting tongs,(and
here, interestingly enough, the closing ring is shaped like a stirrup), would damage the
thin wire by compressing it flat or indenting it badly. At this point, the coiled wire would
be taken to the small draw-bench where it was spooled around the horizontal drums, the
end would be filed or beaten into a point and pulled through the largest of the range of
draw holes available. By winding the two drums successively one way and then the other,
the wire would be reduced to a fine filament, its length progressively increasing as the
cross-sectional area became smaller. In the drawing of these finer gauges, we are told
again that the annealing of metals for this reduction___is essential for ease of "spooling", an

that "while you are working it you must always keep it greased with new wax“.4 This is
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1  Biringuccio V. op cit p. 139-141,
2 1Ibid.

3 Ibid.

4

Biringuccio V. op cit p. 140..
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renriniscent of Ray's observation in 1662, of the Tintern wire workers "anointing" the
wire "with train oil"1 and indeed this practice of continuous lubrication during drawing,
is to be found throughout the history of the wire-drawing industry to the present day.
Indeed, the early Iserlohn and Alfena wire-drawers, dui'ing their period of pre-eminence
in wire-drawing, used massive amounts of olive:oil. 2
The three techniques for successfully crawing wire; annealing, cleaning and coating,
are practices developed to alleviate major p‘roblems encountered as wire-drawingv itself
developed .\ Heat treating wire, to relieve the increasing hardness as the draw-plate worl
hardened the wire, was first done by burying the wire in an open fire. By 1500, this
technique was refined and the wire began to be annealed through the utilisation of Bakers'
ovens, and by about 1630 annealing pots had been developed. 3 The cleaning of rods was
traditionally a manual occupation, the rods being distributed to wire workers' families,
the cleaning of the rods being achieved by hand thrashing. The practice of mechanically
thrashing the rods came later - frequent applications of sand and water gréatly assisted,
due to its abrasive acﬁon, and doubtless this preceded the water powered tumbling barrel
in which the rods were agitated in a water-sand mix.4 By 1750, rods were being
immersed in weak acids to promote descaling. 5 The wire pools of Tintérn promoted a_
"sull coat" upon iron rods which was the basis for the practice of leaving forged rods for
weeks in the "wire pools" before sending them to the ripping houses. Boiling in tartar
solution could be seen by the 1800's and pickling in beer or drawing through '"small beer"
was common also by this time. Sulphuric acid was used in 1805. 6
It is probable that the early Tintern wire pools both cleaned and coated rod and wire

for easier drawing - by 1850, clean water was found to produce a good "sull coat" - this
developed from the use of urine in the Altena district in Germany, where urine was first

found to produce a soft brown film on steel rods, this facilitated.the drawing of steel into

1 Ray J. English Words. op cit. _

2 Lewis K. B, "Wire Beginnings" Wire industry February 1936 Vol. 3 No. 25 p. 53
3 Ibid p. 49. | »

4  Ibid.

5 Ibid.

6 Ibid.
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wire..b& acting as a lubricant1 - previously the drawing of steel had been found impossible
and various methods (such as thét of Prince Rupert, see p. 224) had been devised to turn
iron wire into steel.k

While the most informative account by Biringuccio, in his "Pyrotechnia", is a full
exposition of the type of machinery common in the drawing of wire in the 16th century, it
is suprising to find that, excepting the application of water power for the drawing of fine
wire, there is little indication that any great change took place in the construction of
wire-drawing méchinery from the 15008, when the Pyrotechnia was published, up to the
beginning of the 19th century. Indeed, in one exceptional case, we may place the phasing
out of this type of machinery as late as the beginning. of the 20th century. Ray's
observation of the Tintern works, some 140 years after Biringuccio wrote, informs us
only that as far as medium and fine gauges of wire were concerned "there is another mill
where the small wire is drawn which with one wheel moves three axles that run the length
of the house on three floors, one above another. n2 However, we know that even at this
time, by way of another account that not even the machinery of Biringuccio was in use,
so that the ""small wire" was still being produced by the primitive methods of sitting a mar
in a swing and drawing in the manner as described earlier in Chapter 1. The only
concession to progress appears to be the application of water power, in contrast to those
times when this technique relied wholly on the strength of human limbs:-
1 . Ibid. See also Ch. 1 p. 50.
2 RayJ. English Words. ‘op cit.
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- "A large beam was erected across the Building to
which were affixed as many seats (in the form of
large wood scales) as there were men employed,
who were fastened in them by means of a girdle
that went round their bodies. The men were
placed opposite each other while between them
stood a piece of iron filled with holes of different
bores for reducing the wire to the various sizes.
When the iron to be worked was heated the beam
was put in motion by means cf a water wheel that
moved it with the workmen in their seats regularly
backwards and forwards. Who, with a large pair
of tongs, passed and repassed the iron through the
holes till by force they reduced it to the sizes
required. The motion was as regular as the
pendulum of a clock and, if any one of the men
missed seizing the iron with his tongs, he suffered
a considerable shock in the return of the beam. nl

In general, water power was applied only in the production of large rods of iron and
as Biringuccio tells us, if well annealed, also copper, gold and silver. The man-handling
of drawing machinery was common for some three centuries after Biringuccio's time and
remained so only because it was within the realms of one man's effort by way of some
mechanical coupling, to draw wire of any one particular material from a certain gauge
down to smaller gauges. Above some critical diameter of wire, the lack of mechanical
expertise and precision of the time tended to make it impossible to gain the mechanical
advantage necessary to convert one man's effort, sufficient for the production of any
quantity of wire. _

Iron was essentially the domain of the large water powered ripping machines, but all
the other metals common for this period, as Biringuccio states, could be processed by a
number of machines so far described. The exact provenence of these machines is not to
be found at this time, but it does not seem unreasonable to propose that just as the large
ripping machines, powered by water, were developed to alleviate a great deal of hammer

1 Heath C. - Article "The First Settlement of Tintern as a Wire Manufactory"
found in Historical and Descriptive Account of Tintern Abbey. Charles Heath 1806
p. 3 (B.M.290,g.8).
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work, so the intermediate machines for drawing the medium gauges came by way of
scaling up the machines found in fhe manufacture of fine wire. These machines which
utilised two horizontal drums or sp'ools,1 embraced the absolutely basic technique, which
is so little removed from the previously described methods of hand draWing very ductile
metals such as silver or gold by use of only the draw-plate and tongs. Thus, we may.
look upon this and the first ripping machines as the first generation and possibly the
prototype of all other machines for the period 1500 to 1927. In essence, the type of
machine utilising a spool (sometimes called a "twin block') was yet to be scaled up in the
same way as the large ripping machines were scaled down. But, it is to be seen in much
the same form in the early 1760s, providing as a class a substaritial percentage of
wire-drawing machinery when compared to others similar to the smaller windlass and
capstan maéhines of Biringuccio (see Plate 27). The latter type of machinery however,
was still in favoui' and contributed greatly to the convenience of the wire-drawer concernec
with volume production (see Plate 23). However, just as the ripping machines indented the
wire by the action of the pincer jaws (grips), so‘ this deficiency was to be found in whatever
scale of machinery made use of pincers, and on this basis the spo_olv to spool machine

had great advantage. Indeed, the beginnings of a move to improve this type of mé.chix}e

is implied in the writings of Biringuccio - in the last paragraph of his work he says

"~ I have seen wire drawn out without a water wheel meéhanism. This other way is to use
horizontal drums, as I told you has been done with gold - the same can be done for a large
wheel for turning it", (and) if one did not have water "by a reel, horse or counter weights
ete. n2 This account is clearly arguing that the force necessary to draw wire is either
accomplished by a prime-mover such as water, or by achieving some great mechanical
advantage in the mechanism, and it is this that the principle of the capstan or windlass

did have. Indeed, one wonders why the capstan of Biringuccio has not been modified simpl

1 It seems highly probable that Biringuccio's description of the fine drawing of gold and
silver etc., using this technique, is similar to that used by Andrew Schultz in Nurnbe:
in 1545 and was a technique which he had brought from Italy. See Ch. 1 p. 33..

2  Biringuccio V. Pyrotechnia. op cit Ch. 8 p. 140,
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by eliminating the tongs and winding the wire around the capstan shaft. It can only be
concluded that this (advantage) was unwarranted? (in terms of the initial length of rod
required in the need to first pull through enough to make one turnv around the shaft and
anchor it). The tongs were probably essential for gripping the protruding end of the rod
which, after thinning, was manually pushed through from the back of the draw-plate
during the first operation, before drawing commenced. For convenience, the tongs were
retained for successive drawing operations.

Unlike these machines, the principle of incorporating a drum as a horizontal windlas
to wind through the draw-plate," thereby eliminating tongs, had indeed appeared in China
by this time (see Plate 31). The idea of this form of traction may well have been
conceived as early as Hellenistic times but only for gold and silver since Hommel, 1 who
first observed this technique in China gives reasons why iron, which required repeated
annealings between stages of drawing, was not drawn so - the Chinese having failed to
realise this. The drawing of iron wire in China therefore, required machines that could
draw work hardened wire. High traction machines such as those shown in Plate 31, may
well have been inventions of necessity. Plate 30, shows the final processihg of iron wire
into steel wire for making compass needles - in the workshop shown, the finer reduction
is carried out with a hand held draw die. After this process, which was only for finishing
off the wire surface and required little effort, the wire would be cut into small lengths,
case hardened'and magnetised.

Though the Chinese seem not to have ercountered it, the problem of indentation and
poor traction, due to the use of tongs, can be shown to be no less an inconvenience
experienced throughout succeeding eras in European development, Improvements in
techniques that were made can be seen to have, on the one hand overcome a number of
disadvantages (some of which are described above), and yet at the same time introduced
others. In some instances however, these disadvantages were ignored and succeeded in
being perpetuated by their incorporation into comparatively complex wire-drawing machin

®eo 0000

1 Quoted by Needham J. Science and Civilisation in China, Vol. 4 part 2 p. 59.
Cambridge University Press 1965.



- 66 -

The. prime example of this was in machines, which though designed to be entirely
self-acting, could only achieve this by incorporéting grips or pincers. A very similar
machine is shown in Plate 35, and though less than ornate in its construction, it is little
removed in design from the machine of Dan'er1 from which it appears to have originated.
This is a comment on the satisfactory nature of this class of machine which was a design
which departed little from its predecesor, but is dated some 163 years later at 1768. ‘
This class of machine achieved the force necessary to draw wire by utilising high A
mechanical advantage gearing and an extended crank), It evolved from the same principles
as those used in the windlass and capstan machines of Biringuccio. It could not however,
evade the use of tongs or grips and in later years its application appears to have reverted
to the d>rawing of thicker rods of gilded and plated metals. 2 In such a role, where short
lengths of rod or wire were the norm, it was possible to utilise the intermediate areas of |
rod or wire whidh were not indented by the grips. Gold-plated silver wire, or gold and
silver-plated copper wire, could at times serve well in only short sections, where the
plate-makers trades flourished. ,

The large forces necessary to draw wire were, even by the 1830s, still founded in
the main, on the best ways to utilise the strength of a man. Some effort was made to
utilise water power to ité best advantage and examples where this was achieved are notabl
in the ripping machines previously described. In general, where water power could
operate large scale machines, the small types could make use of the same motive source.
One of the most satisfactory medium drawing machines to be developed is described by
Diderot, in the Encyclopedie of 1763. This particular machine is not dissimilar in
operation to those familiar machines seen in thé ripping houses and it is an example
where, as in Holland's description,3 refinement has taken the place of evolution. Plates
and 26, show the machine installed and in operation, its construction is displayed much
1 See Ch. 1 p. 36.

2  Encyclopaedia Britannica Vol. 20 p. 481-482 (University of Chicago Press 1957).
3 See Ch. 1 p. 55, ’
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more clearly in Plate 24. In essence, the cams (a) depress the pivoted "swingle" (b) and
in doing so draw down the right angle lever (g). This, in turn, applies pull to the pincers
(h, 3, Figurc 22) which draw through the wire. When the cam disengages, the spring pole
which has been strained in the process returns the swingle, the pincers relax their grip' '
and move forward along the line of the wire. | This operation was repeated on the next '
cycle of the cam. ‘

This kind of machine was essentially one intended for the drawing of brass wire (or
indeed copper) and was capable of a fairly high volume oufput. This was especially true
if, as in Plate 26, the machines operated in tandem. Such a situation was often however,
not to be found after the wire manufacturer sold his wares to the pin manufacturer. As
previously indicated, 1 brass was a convenient material for the making of pins. Iron was
poor in terms of ductility and not appropriate in pin-making, while steel was both very
expensive and very difficult to process. Brass was the pin-makers optimum material;
it was comparatively cheap, could be worked well and formed a marketable commodity.
The small pin-maker, as opposed to a large manufacturer of brass and pins, drew his wir
by using the all too familiar techniques originally described by Biringuccio. In Plate 27,
the pin-maker draws the wire from one spool to another, the draw-plate is restrained by
two stops and is riddled with various gauges of draw holes. Presumably, the pin-master
required these numerous gauges, if only to standardise his pin gauge from various gauges
of bought-in brass wire. Shown also, are his apprentices - their duty is to unwind and
wash the wire before it is drawn. |

It becomes clear, as examples from era to era are put i(n’evidence, that only certain
mechanical principles are open to those that draw wire by m‘anual techniques. Indeed, in
the last analysis the drawing of wire has one principle, (the forcing of a metal through a
die) and this is to be found whatever the sophistication in drawing machinery. For this
reason then, it is possible to compare 14th century wire-drawing machinery with many of
those still in evidence in the 19th century. In the example quoted above, the pin-maker

oo 0000 00

1 See Ch. 1 p.'47.
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uses a technique dated at about 1750, but comparable with those of the early years of the
16th century. It is possible to compare machines one against the other, again and again,
and though concluding that no difference in the essential principles of opération exist, find
that some 300 years may separate the design and construction of them. The machine in
Plate 22, is from Holland1 and is of the type used predominantly in the 18308, but its
construction and mode of operation denies no influence from that of many machines Which
preceded it for over 300 years. The workmen of this time would take a pre-formed rod
of say, iron, brass or copper and point the end with hammer or file. This being done, the
rod (or indeed, overgauged wire) would be taken to the lever bench (see Plate 38) and
loosely inserted into the draw hole by way of the thinned end. The lever, pivoted and
attached to grips via a chain, would be pulled back when the grips had closed on the
protruding end of the wiré. This process enabled é sufficient length of wire to be first ’
drawn through the plate, so that when both wire and plate were transfered to the drawihg
machine (see Plate 29) enough was available for coupling to a tie peg on the capstan. The
lever, when turned, wound the wire through the draw-plate which was held simply by end
stops. The wire-drawer was reported as giving the wire a twist as the wire entered the
plate. His claim was that this eased the passage of the wire during the drawing operation
in which he pushed round the lever with one hand, while carrying the coil in the other. 2
However, the practicality of this operation is difficult to see, especially when it is
disclosed that the handle (marked C in Plate 29) is contrived to extend or be shortened,
by having it housed so that it can slide in and out. Whatever the difficulties, this techniqu
stands as part of the experiments of a wiré-drawer and the sliding handle appeared to be
a facility which enabled various moments of force to be applied to the drum, so that very
fine wire-drawing, which required little effort, could présumably be done while standing,
stradling the two ends of the bench with the cbil of wire in' one hand and the othér turning
the lever.

1 Holland J. op cit p. 336.

2 Ibid.
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~ The type of machine in use-at any one time and in any one locality, often depended

on what kind of prime-mover was available, Clearly, some constraints on the design
and construction were inevitable, depending on whether or not the machine was to be
manually operated or driven by an external power source. However, many examples are
available of manually operated machinery very little removed from that |
operated by, say, a water wheel. In many cases and in many instances, conversion pf a
manually operated drawing machine necessitated only the introduction of simple gear
assemblies to introdu-e the external power source. | v

Of those machines which operated through water power, the outstanding type has beer
described above as being self-acting and employing grips, commonly found in’ the
French brass wire houses between 173v0 and the beginning of the 19th century (see Plate 26
This particular type was fundamentally a scaled down ripping machine of the type devised
first by Rudolph of Nurnberg - other types incorporated those principles based on the
traction produced by utilising a capstan. Examples abound. Plate 33 is a later developme
of about 1720 to 1v830.1 The shaft (A) is from the prime-mover, in this example water
power but later steam. The bevelled wheel (B) is fixed to the shaft and engages a second
wheel to drive the drum (C). The drum is made with two holes on its upper surface - fron
the shaft, which passes through the middlé, there protrudes a cross-bit with two prongs.
These prongs fit into the corresponding holes in the drum. So long as the two are turning
under the load of drawing through wire, the drum remains engaged to the cross-bit. Wher
the tension is relaxed, at the finish of drawing a length of wire which is wound on the reel
(D), the drum slides down the shaft, the prongs disengage and the drum stops revolving.
Similar to the manual method, (equivalent to this operation and described under Plate 38),
a fresh plate and reel of wire would be taken to the machine and when attached, the drum
would be lifted and the cross-bit allowed to re-engage. 2

In other machines in this class, power to the revolving drum was applied (or not)
1 Holland J. op cit p. 338.
2  Ibid p. 339.
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by means of a foot lever which lﬁted the entire assembly - drum, shaft and bevel gear -
away from the main drive gear. This was achieved by a simple cross at the top of the
lever-upright inset into a cavity beneath the revolving drum. Operation of the foot lever
lifted the cross-piece and drum sufficiently for the gear to disengage and motion would
cease. Plate 36 represents a typical exaniple of this type of machine. Interestingly, this
particular draw bench utilises a '"peg" dranplaite and the grips and chaih, common to
previous examples where the wire must be drawn through the draw-plate a little by manual
methods, enabling the draw-plate to be located while providing sufficient free wire to be
picked up and anchored at the drum or capstan.1 A contemporary account explains the
making of copper and brass wire using a similar type of machine:-

"In the manufacture of copper and brass wire, for the
former, the raw material is purchased from the copper
merchants in the form of a partially rolled copper strip
of considerable length, of 3/8 or }in. in thickness,

which is then rolled down to the thickness suitable to
produce the wire, then slit by means of what are called
slitting rolls, i.e., by means of a series of steel discs,
which operate as revolving cutters. A pair of these
slitting rolls are so constructed that the discs of one

roll fit into the corresponding spaces of the other. These
rolls are set in motion by power, and on the rolled strip
being presented to them, it is dragged in, and slit
longitudinally into as many '"'strands" of equal breadth as
there are revolving discs or cutters; the ""strands" are,
of course, square. These are converted into round wire,
by being drawn through a succession of draw plates, or
holes of various sizes, diminishing in diameter. This is
effected as follows;- Attached to a long shaft operated upon
by power, are a series of bevelled pinions or wheels. In
connection with these, and working horizontally, are a
number of cast-iron drums, corresponding to the pinions
which are made to revolve by means of corresponding
bevelled pinions. The drums alluded to have on their
upper surface a small clamp operated upon by a screw.

oo v 0000

1  Cyclopaedia of Useful Arts and Manufactures op cit p. 911.
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= The "strand" is reduced at the end by filing, so as
to enter and pass through the hole of the draw-plate.
A pair of pincers, operated upon by power, draw the
end of the strip sufficiently through, and in length
sufficient to permit of its being attached to the clamp.
The end of the "strand" is presented to the clamp, the
screw is turned; the "strand" attached; the draw-plate
is placed behind the two "'snags" or pieces of iron
which stand perpendicularly on the draw bench, the
strand being placed on a reel. The drum is thrown into
"gear", revolves, dragging through the strand, and
converting it from a square into a round wire. The
operation of drawing hardens the wire, and in the process
of reduction it is repeatecly annealed. 1

In later years, machines evolved as composites taking the best points to be found in
some of the examples given above. One example utilised the self-acting pincers
previously mentioned, and in this case they came to be known as "Jacobites' but were use
solely for achieving the initial length of wire needed to locate the draw-plate and anchor '
the end of the wire to the capstan pulley. On this machine, the bevel drive could be
engaged or disengaged at will by means of a hand lever — the same drive shaft which
carried the bevel also drove a cam which, acting on a lever, imparted a reciprocating
motion into the Jacobites. Some 22 to 24 pulls per minute were possible. This provided
more than enough wire drawn through the draw-plate to anchor the wire onto the driving
drum i.e. the capstan transmitting the motive force. The initial feed through the draw di
was achieved by hand rollers, 2 which followed a small amount of hammer-work by the
wire-drawer. Plate 39 shows the entire machine. On inspection, it is seen to encompass
the best from every type, class and development in traditional drawing machines. The
machine displays many fgatums characteristic of ripping machines,, and the reel to
reel motion also is reminiscent of many previous examples. The bevel drive too is not
unfamiliar, nor the method of controlling it. In short, the machine retained within its

ese oo

1 Timmins S, Birmingham and the Midland Hardware District . op cit p. 317. This
may be compared to a description by Perrin (op cit p. 59) given at the end of the
19th century - "For all sizes of wire, the tractive power necessary for drawing the
wire through the drawplates is furnished by cylindrical drums called "wire blocks",
which vary in diameter from thirty inches to six or eight inches, the size being
determined by an approximate relation io the size of the wire which is to be drawn.

~all cases these wire blocks revolve horizontally and are driven by vertical shafts
through the medium of a simple clutch coupling engaged or disengaged by raising or
lowering the block itself, one portion of the coupling being cast as a constituent part
the block. The operation of raising or lowering the block is accomplished by means
a treadle which is under the control of the wire-drawer."

2 DaydJ, Bristol Brass'. op citp. 161,
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con“stxuction, a complete history of all previous wire-drawing machines and was a true
example of hybrid design in wire-drawing technology. This particular type of machine

was still to be seen in the Avon Mills at Keynsham as late as 1927.

(3)

EARLY DRAW PLATE TECHNOLOGY

It is from Biringuccio that we have the first indication that draw-plates have evolved
from being more than a simple plate of iron with a hole punched through, a description
consistent with plate making of early times.* He informs us that the plates are of steel,
some '"half palmo' long and incor'poraﬁng several rows of successively sized holes. 1 Thi
in itself, is notable - now, 1535 at the latest, the draw-plates have developed from
hammer forged iron, and it has been recognised that steel i'eSists so much better the weai
experienced in drawing iron itself, and is therefore a desirable material for the making of
draw-plates. More importantly however, the Pyrotechnia of Biringuccio explains another
facete of the wire-drawers understanding of his art. In describing the drawing of fine
wire by "spooling' the wire around two drums and winding it through the draw-plate, 2 the
technique is further described as requiring that as the wire is drawn through one hole and
is due to be fed through the next Smaller, the draw-plate is reversed.3 Excepting that non
the wire has been wound off one drum and is around the other, the whole process should
consist of no more than changing the direction in which the wire ié(now)to be wound. The
necessity to reverse the plate is clear indication that the plate is uni-directional in its
ability to reduce the wire. From this it can only be concluded that as in modern times,
the draw orifice is conical in section  —— shaped so as to accommodate the wire that
much more effectively as the wire is drawn through. By forming a plate with the draw
Biringuccio V. Pyrotechnia. op cit Ch. 8 p. 140.

See page 60 . | | |

LW N -

Biringuccio V. op cit.Ch, 8 p. 140.

*

Hendrie R. in his "Theophilus - Arts of the Middle Ages' op cit p. 215 records the
writings of Theophilus (circa 1000 AD) who, under the heading "Of the instruments
through which wires are drawn", describes draw-plates as "Two irons, three fingers
in breadth, narrow above and below, everywhere thin, and perforated with three or
four ranges through which holes wires are drawn, "
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ori}ice shaped like the mouth of a funnel and having only the final one third of its 1
thickness at the gauge which is required of the wire, the wire or rod passing through does
not meet an abrupt change at the mouth of the plate. Indeed, the tapered draw orifice
forms the wire gradually and this is desirable whatever the gauge‘of the wire to be drawn.,
Biringuccio's opinion of the essential art of making good draw-plates is that it consists of
twé things - ''one is preparing the draw plates so that their holes are kept round' and also
that "they should be of very fine steel", 1 Much the same sentiment is shared by Ray2
writing in 1674, but he claims that "the plates wherein the holes are, is on the outside
iron, on the inside steel'. Unlike Biringucéio, Ray is explicit in describing the nature of
the draw orifice - ""the holes are bigger on the iron side, because the wire finds more
resistance from the steel, and is straightened by degrees." This is a convincing
indication that by this time (circa 1662) it is understood that a composite draw-plate
consisting of iron and steel, and haiving a tapered draw hole, experiences the greater wear
and stress at the tail of the hole rather than at the mouth, where the first part of the
reduction of the rod or wire is less difficult.

Reputations for making good (and bad) draw-plates had long become established in
both France and Germany by the end of the 18th century and particular techniques for
producing various kinds of plates were known sometimes by their place of origin. Thus
Holland3 speaks of "Italian wire drawing plates" which bespoke of an exact procedure for
manufacturing this kind of draw-plate. This particular method consisted of forming a
piece of iron plate into a tréy, it would then be filled with broken pieces of cast iron and
heated to, what Holland describes as, "welding heat". The tray would then be hammered
until the caSt iron pieces were welded to the plate. On completion of this process, with
the plate still at just below red heat, the draw holes would be punched through fro‘m the
1 Biringuccio V. op cit Ch. 8 p. 140.

2 Rayd.English Words ' op cit.
3 Holland J. ‘Manufactures in Metal . Ch. 14 p. 335.
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back. Holland's opinion of this process is veryvlow and he does not disguise his contempt
for this particular method, He dismisses it by saying:-

"Whatever the Italians might do, it is quite certain
that no English wire drawer would be able to compose
a plate after this fashion. The notion of uniting pieces
of cast iron by welding - is incompatible with the
slightest knowledge of the metal - to say nothing of the
comparative value - of one made of steel."!

Whatever Holland's views on this type of draw-plate, he does not seem disposed to
criticising a similar process used by one of the leading French manufacturers of the time.
The factory of Messrs. Mouchel at L'Aigle in the department of L'Orne, is high in
Holland's estimation and he sets aside a substantial part of hi