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LATE MEDIEVAL WROUGHT IRON FIREARMS FROM THE MUSEUM IN BIECZ*

From the very beginning of existence of firearms, there
were two competitive manufacturing techniques — casting
and forging. These resulted from the use of two raw materi-
als — copper and its alloys as well as iron. A good exam-
ple of co-occurrence of weapons manufactured from these
two raw materials are the earliest mentions of the use of
firearms in the territory of Poland. The first record comes
from the Chronicle of Janko of Czarnkoéw and concerns the
siege of Pyzdry in 1383. While describing this siege, there
is a mention of a stone projectile fired from a red brass gun
(lapidem aero de pixide)?.. Some years thereafter, in 1391
it was recorded in municipal accounts of Krakéw that the
town bought 6 cannons upon the request of King Wtadystaw
Jagietto. Among these cannons there were 3 iron (pixides
ferreas) and 2 copper ones (pixides cupreas). At that time
5 iron guns were kept altogether in the municipal armoury?®.

Many works have already been written on casting of
firearms. These works discussed technical aspects of this
issue, as well as technological details, based on metallo-
graphic analyses®. In this place it must be said that the pro-
cess of casting of a cannon barrel, with special reference to
those of large calibre, was quite complicated and not always
successful. An excellent example is offered by a descrip-
tion of such works which were carried out at the foundry
in Bratislava in 1440. Manufacturing works of a large can-
non started on 8 April with securing clay for preparing the
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mould and with processing this clay. This stage lasted until
11 May but already during the casting the mould broke and
the metal spilt into the ground. On the next day (12 May),
the works were resumed and the process was completed
within a month. On 9 June the cannon was ready and it
underwent finishing works. Unfortunately, the barrel burst
in the course of firing tests on 7 July. Master gunners were
not discouraged with this failure and they commenced their
works again in Autumn, on 12 September. On 1 October
a new mould was filled with alloy. Some complications
occurred again, but those were less significant than previ-
ously. In all probability, the mould suffered no major dam-
age, as after some days (on 6 October), the process was
successfully repeated. There were no obstacles in the fur-
ther course of works and on 12 October the cannon was
ready. On 9 December it successfully underwent firing
tests. Obviously, this case is rather extreme, as the same
master gunners needed only a month (from 17 October to
24 November) to cast two smaller stone projectile cannons®.
A similar case occurred in the process of casting of the Teu-
tonic Grose Bochse in 1408, when the gunpowder chamber
had to be cast again®.

Another way was to manufacture barrels in a less com-
plicated but equally labour-consuming process of iron pro-
cessing using smithing methods. Already in the late Mid-
dle Ages, perhaps as early as the late 14" c., first attempts
at casting iron guns were undertaken in Western Europe.
These, however, where rather isolated cases. The main
advantage of cast iron guns was no question their price
(one-sixth of the price of a bronze gun). On the other hand,
such cannons could be very brittle and thus extremely dan-
gerous for their users’. In the case of the heaviest cannons,
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Fig. 1. Veuglaire, Regional Museum in Biecz (inv. No. 295), by P. Strzyz.

their barrels were assembled from bars and rims. There are
numerous examples of such cannons in European collec-
tions, including guns of considerable weight and size.
One of the most significant and the largest items is Dulle

the Crucible. A History of the Metallurgy of European Swords up
to the 16" Century, Leiden-Boston 2012, pp. 192-195.
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Griet from Gent, with the total length of 5.025 m, the muz-
zle diameter of 64 cm and the weight of as much as 16.4 t.2
Not much smaller are other bombards: Mons Meg from the

8 R.D. Smith, R. R. Brown, Mons Meg and her sisters, Lon-
don 1989, pp. 23, 25, figs. 16, 17, 19, 24; R. D. Smith, K. De Vries,
The Artillery of the Dukes of Burgundy 1363-1477, Suffolk 2005,
pp. 266-267, cat. No. 3.
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Castle of Edinburgh in Scotland®, from Basel, Boxted, Paris
and Berlin, two so-called Michelettes from Mont St. Michel
and Faule Magd from Dresden. The barrels of these can-
nons consisted of numerous long and narrow bars, placed
concentrically along the line of the barrel. For instance,
in the case of Dulle Griet there were 32 bars 55 mm wide
and 30 mm thick, as well as 41 reinforcing rings. The can-
non from Basel, being smaller than Dulle Griet, was made
of 20 bars which were 50 mm wide and 20 mm thick™, and
the barrel of Faule Magd is composed of 20 iron bars which
are 3.5 cm thick and 3-8 cm wide. The entire construc-
tion was reinforced with 46 transverse rings?. Due to the
use of such technique of manufacture, the cross-section of
the barrel was often not perfectly circular, but had a shape
of a polygon with some dozen short sides.

Concerning territories which are closer to Poland, one
can mention two bombards from the Museum of Military
History in Budapest. The first one, which used to be kept at
the Savaria Museum in Szombathely, consists of a narrow
gunpowder chamber and a barrel. The chamber is forged as
a single part, while the barrel is made of 11 bars, joined at
their circumference with 8 iron bands of different width.
The interior of the barrel is strongly corroded. However,
one can see a thick (3-4 mm) sheet of metal, which was
intended to provide the barrel with a more circular cross-
section and thus to smoothen any unevenness which origi-
nated in the course of assembling of longitudinal bars.
At the touch point of both parts of the bombard the bars
converge in an oblique manner, and the joint is reinforced
with an additional thick ring. The cannon is dated to the late
14" ¢. A similar construction can be seen in the case of the
other cannon. It consists of a gunpowder chamber, forged as
a homogeneous part, and a chase part. The chase is made of
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portative au moyen age, [in:] Military Studies in Medieval Eu-
rope. Papers of the ,, Medieval Europe Brugge 1997 Conference,
vol. 11, eds. G. de Boe, F. Verharghe, Zellik 1997, pp. 72-73, fig. 2.
For the sake of comparison, the barrel of a bombard from Reims
from the mid-15" ¢. was made of 38 iron bars and was reinforced
with 33 rings, see P. Contamine, Wojna w Sredniowieczu, War-
szawa 1999, p. 154, footnote 82; J. Szymczak, Poczgtki..., p. 80.

2. D. Baarmann, Die ,, Faule Magd ..., pp. 229-231, figs. 1-2;
J. Streubel, Die Konservierung der ,,Faulen Magd”..., p. 54.

numerous bars, over which 10 transverse rings are drawn.
This cannon can be dated to the 15" ¢.2®

While assembling the barrel from numerous parts,
it was possible to either use a higher number of narrow
bars with rectangular cross-sections, or to apply a lower
number of bars. In the second case, their cross-sections
had to be formed into an arched shape. When the barrel or
chamber was formed in such a manner, reinforcing rings
of different width and external diameter were drawn over
it. A gunpowder chamber could be made in a similar way.
However, in this case the reinforcing rings had to be much
thicker, due to a much higher pressure to which this part
of the gun was exposed™. In the case of guns with smaller
calibres, gunpowder chambers could be constructed as
homogeneous elements, as with the afore-mentioned
Hungarian bombards.

Concerning lighter artillery, such as houfnice field can-
nons, terrace-guns or veuglaires, such a complex technique
was not necessary and the barrel could be forged from one
or a few pieces of iron. In Central European museum col-
lections there are not many original examples of small cali-
bre cannon barrels which are forged from iron. We know
only one specimen of a medieval houfnice field cannon®,
while there are as many as fourteen terrace-guns'® and
a few veuglaire chambers".

For this reason, two specimens from the Regional
Museum in Biecz deserve special attention. The first one
(inv. No. 295, Fig. 1: 1-3) is an iron tube of cylindrical

18 J. Kalmar, Régi magyar fegyverek, Budapest 1971, p. 158,
Figs. 44, 45.

¥ R. D. Smith, The technology of wrought-iron artillery,
»Royal Armouries Yearbook”, Vol. 5, 2000, pp. 68-72, fig. 1-8.
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dzovsky zpravodaj”, Vol. 13, fasc. 2, 1986, pp. 11-12; idem, Novy
Bydzov v proménach stoleti, Novy Bydzov 2005, p. 35.
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Znojemskeé puskarstvi v prvni tretinié 15. stoleti, ,,Historie a Vo-
jenstvi”, fasc. 1, 1955, pp. 85-87, figs. 14, 15; E. Wagner, Z. Drob-
n4, J. Durdik, Kroje, zbroj a zbrané doby predhusitské a husitské
(1350-1450), Praha 1956, p. 87; Z. Drobna, J. Durdik, Jan Zizka
z Trocnova..., pp. 46, 56, cat. Nos. 113, 145; M. Pertl, Delostrelecké
hlavné z pocatku 15. stoleti z hradu C’esk)} Sternberk, ,,Archeolo-
gické rozhledy”, Vol. 24, fasc. 3, pp. 312, 313, figs. I: 1-3, II: 1-2;
idem, Nejstarsi palné zbrane ze zbirek hradu Ceského Sternberka,
»Sbornik vlastivédnych praci z Podblanicka”, Vol. 25, 1985,
p. 130, figs. 1-2; J. Durdik, V. Dolinek, M. Sada, Vzdcné zbrané
a zbroj ze shirek Vojenského Muzea v Praze, Praha 1986, p. 205,
cat. No. 278; E. Snajdrova, Palné zbrané ze shirky Nérodniho
muzea, Praha 1998, p. 5, 6, cat. Nos. 2-4; T. Durdik, M. Pertl,
Tarasnice z hradu Krivoklatu, [in:] Urbes Medii Aevi, ed. M.
Richter, Praha 1984, p. 149, 152, figs. 1-6; K. Maleckova, Palné
zbrane. Zbierkové fondy Slovenského narodného muzea — Muzea
Bojnice, Bojnice 2005, pp. 8-9.
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10 cm

Fig. 2. Veuglaire, Regional Museum in Biecz (inv. No. 296), by P. Strzyz.

shape, with the calibre of 6.4 cm and the external diameter
at the muzzle of 18.6 cm. Along its entire length (63.2 cm)
it is reinforced with five ambient rings. On the top of the
central ring there is a holder in the shape of a flattened M.
It was originally used for lifting the specimen with ropes.
The touch hole is located vertically. Its top diameter is
2.4 cm, while its bottom diameter is 1.4 cm. The specimen
now rests in a present-day reconstructed wooden stand.
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Of particular interest are hemispherical bulges, which can
be seen both in the bottom and the muzzle parts. Another
peculiarity is a considerable thickness of the walls, which is
nearly 6 cm in the discussed case.

The other specimen is also made of iron (inv. No. 296,
Fig 2: 1-4). It has been forged into a cylindrical shape and
its calibre is 5.5 cm. Along its entire length (65.7 cm) it is
reinforced with six rings. On the third and the fifth ring
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Fig. 3. Construction of a veuglaire, by P. Strzyz.

there are remains of holders. The touch hole is situated ver-
tically and its diameter is 1.5 cm. The specimen rests in
a present-day wooden stand, to which it is attached with
a broad iron band with three rivets. The construction of the
muzzle part is of special interest. It was made as a sepa-
rate element, with the total length of almost 10 cm. It is
attached (with a thread?) to the main part of the barrel.
This element is ornamented with an engraved herringbone
pattern, enclosed between two ambient lines (Fig. 2: 3).
The external muzzle diameter is 19.5 cm, while the muzzle
bore diameter is 15.1 cm. Its depth is 5.6 cm. The use of
this additional screwed element secured a reasonably tight
connection with the barrel. Also in this case a considerable
thickness of the walls is significant. It is as much as 7 cm.
It is somehow difficult to propose the chronology and
the function of these relics. In museum catalogue cards they
are generally dated to the 15" and the 16" c. respectively.
As nothing is known on their find places and circumstances
of acquisition by the museum, the proposed chronology must
be treated with care. Bearing in mind the considerable thick-
ness of the walls of both items and their cylindrical shapes
with rings, the lower chronological border may be estimated
at c. 1450. This can be supported with examples of similar
veuglaire chambers from the Swiss museum in Murten.
Their calibres are 14.2 and 7.5 cm and their lengths are 66 and
83.7 cm respectively. They are remarkable for their straight
cylindrical shapes, a number of rings, as well as a consider-
able thickness of their walls. They are dated to about 1450,
These analogies from Murten and a careful examina-
tion of both discussed items also suggest a possible way of

® R. D. Smith, K. De Vries, The Artillery..., pp. 312-315,
cat. Nos. 26, 27.

interpretation of their function. In both cases, especially in
the second one, a particular shape of the muzzle implies that
these items were supposed to cooperate with other devices.
Therefore, it seems that the only possible interpretation is
to consider both items as veuglaire chambers. This is addi-
tionally supported by their small calibres and the thickness
of their walls.

Veuglaires (Fig. 3) were breech-loading artillery. As
opposed to other kinds of cannons, they were loaded in their
breech parts with a special chamber, which was addition-
ally pressed to the barrel with a metal or wooden wedge'.

If we interpret the items in question as veuglaire cham-
bers, it is possible to point to a good analogy, offered by
the chamber from the Museum in Znojmo (inv. No. 515).
It is forged from iron, circular in cross-section and its bore
slightly broadens towards the muzzle in a conical manner.
The total length of this item is 48.4 cm, while the gunpow-
der canal is 42.0 cm long. The muzzle calibre is 6.5 cm.
There is a ring which connected the chamber with the
barrel. Its external diameter is 12.5 cm and its walls are
4.8 cm thick. Based on this information and on a general
scheme of construction of a veuglaire (Fig. 3), we can say
that the external diameter of the tightening ring roughly
corresponds to the barrel calibre. In this case, it would be
about 13 cm. The touch hole is on the top. Its diameter is
1.2 cm and it is provided with a priming pan. In the upper

1 1. Ktizek, Z. J. K. Cech, Encyklopedie zbrani a zbroje,
Praha 1997, p. 219; M. Gradowski, Z. Zygulski jun., Stownik
uzbrojenia historycznego, Warszawa 1998, p. 109, fig. 148;
J. Szymczak, Poczgtki..., pp. 55-56; P. Klucina, Zbroj a zbrane.
Evropa 6.-17. stoleti, Praha — Litomysl 2004, p. 458; P. Strzyz,
Sredniowieczna bro# palna w Polsce. Studium archeologiczne,
L6dz 2011, p. 30.
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Fig. 4. View of the examined items, sampling spots are marked: a — Sample 1 (inv. No. 295); b- Sample 2 (inv. No. 296), by L. Klimek,
P. Strzyz.

part, near the muzzle, there is a holder with a ring, which
was used to lift the chamber. There are remains of another
holder in the bottom part. In a later period (probably as
early as the 16 ¢.), the chamber was mounted on a wooden
stock with the use of three iron bands. Traces of white and
blue painted strips can be still seen on it. This item was
dated to the first quarter of the 15" ¢.? However, it seems
that the relic is rather to be broadly dated to the first half of
the 15" ¢. An interesting feature of this item is that in the
later period it was mounted on a wooden stock in order to
be used as a cannon. Theoretically, it could be said that such
aprovisory solution could be quite functional. The length of
the bore is about 42 ¢cm, which is similar to 15" ¢. houfnice
field cannons. On the other hand, the conical shape of the
bore negatively influenced the range and accuracy of fire.
Concerning the metrical data of the veuglaire from Znojmo,
it must have certainly been a cannon of considerable size, as
its original calibre may have been 13 cm. It is therefore not
excluded that the items from Biecz could also be success-
fully used as cannons, due to their considerable length and
appropriate calibres.

Technological Analyses

In order to clarify the afore-mentioned doubts concern-
ing the function, provenance and chronology of the items in
question, it was decided to carry out metallographic exami-
nations. Apart from identifying the structure of the mate-
rial, it was also intended to determine whether these relics
are originals or poorly made later copies?. In both cases
samples were taken from the muzzle parts (Fig. 4).

2 J. Durdik, Znojemské puskarstvi..., p. 88-91; K. Cham-
onikola ed., Od Gotiky k Renesanci. Vytvarnd kultura Moravy
a Slezska 1400-1550, Brno 1999, p. 579, cat. No. 301.

2 These doubts were still present when these items were
published for the first time. This was due to the fact that no

88

Both samples were placed in special mounts and then
sunk in Plyfast resin made by Struers, in order to make later
observations in a scanning microscope possible. Then, the
samples were ground with sandpapers (gradations from 180
to 1500 grits) and polished with diamond pastes (ending
with 1 pm gradation). The polished samples were etched
with 4% nital, in order to reveal their microstructures.
Microstructure observations were carried out with a Nikon
A100 light microscope. Carbon content was assessed
approximately, based on microscopic observations. For
the purpose of quality analysis of slag inclusions a Hitachi
S-3000N scanning microscope with an EDS X-ray micro-
analyser was used. Hardness tests were done with the Vick-
ers method with a IN (100G) load, using a Clemex hardness
tester. Obtained results are depicted in Figs. 4-16, Tables 1
and 2 and are discussed in the further part of this paper.

Sample 1
Hardness tests

The average hardness of metal in Sample 1 was 141
HVOL.

In the entire examined cross-section of Sample 1 one
can see fine-grained ferritic-pearlitic microstructure and
the size of ferrite grains is between 20 and 50 pm. The pres-
ence of a small amount of pearlite in the microstructure
(Figs. 5b and 6b) points to a small carbon content in the
sample. Based on the area occupied by pearlite, the carbon
content in Sample 1 can be estimated at 0.1-0.2% C, which
corresponds to soft steel.

There are local concentrations of slag inclusions in
the surface of Sample 1 (Fig. 7a, b). The analysis of their

circumstances of their acquisition were known. It was therefore
decided to tentatively classify them to a separate group of finds of
uncertain chronology, see P. Strzyz, Sredniowieczna..., pp. 45-47,
126-127, cat. Nos. 4A, 5A, Plates XV, XVI.
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Sample 1

Results of metallographic examinations

Fig. 5. Sample 1, microstructure images examined by optical micro-  Fig. 6. Sample 1, scanning electron microscope (SEM) micrograph:
scopy: ferritic-pearlitic microstructure (bright matrix — ferrite; dark  ferritic-pearlitic microstructure (bright matrix — ferrite; dark consti-
constituent at grain boundaries — pearlite), by L. Klimek. tuent at grain boundaries — pearlite), by L. Klimek.
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Fig. 7. Sample 1. Analysed concentration of slag inclusions SEM/EDS: a — image of slag inclusions in secondary electrons; b — image of slag
inclusions in backscattered electrons (material contrast); ¢ — EDS spectrum from the analysed slag inclusions in Fig. 4b; peaks from O, Si,
Fe, Al, P, K, Ca and S can be seen, by L. Klimek.
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Fig. 8. Surface distribution of elements
(X-ray maps) in the analysed concentra-
tion of slag inclusions in Sample 1 from
Fig. 7b: a—morphology of slag inclusions
in the concentration; b — X-ray map of Fe,
by L. Klimek.

Fig. 9. Surface distribution of elements
in the analysed concentration of slag
inclusions in Sample 1 from Fig. 8b:
a— X-ray map of Si; b — X-ray map of O,
by L. Klimek.

chemical composition with the EDS method revealed the
presence of the following elements: O, Si, Fe, Al, P, K, Ca
and traces of S (Fig. 7c). Maps of surface distribution of
the elements in the analysed area of concentration (Fig. 8a)
prove that the main components in these slag inclusions are
Si, Fe and O (Figs. 8 and 9). These are therefore fayalite
type impurities (2Fe0.Si0,) and their presence is related to
production of iron in a smelting furnace.

Based on the metallographic examinations it can be
said that Item 1 was made from soft bloomery steel with
increased phosphorus content, which is also suggested by
hardness tests (141 HVO1). Furthermore, the microstructure
of the sample and the morphology of slag inclusions suggest
that Item 1 was made by means of forging.

Sample 2
Hardness tests
The average hardness of metal in Sample 2 was 172
HVOL.
In the entire cross-section of Sample 2 there is ferritic
microstructure (Fig. 10) with a small amount of tertiary
cementite, distributed at the boundaries of ferrite grains
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(Fig. 10: a, b). In some ferrite grains one can see deforma-
tion twins (Figs. 10: b), which demonstrate increased phos-
phorus content in the metal of Item 2. The size of ferrite
grains is significantly larger than in Sample 1 and it can
be estimated at between some dozen and about 100 pm.
Slag inclusions in Sample 2 (Fig. 10: a) also form local con-
centrations (Fig. 11: a). Maps of surface distribution of ele-
ments in the analysed concentration of slag inclusions in
Fig. 12 demonstrated the presence of such elements as O,
Fe, Mg, Si, Al, Mn, Ca and K (Figs. 13, 14, 15 and 16).
The presence of these elements in slag is related both to
the kind of ore and to the production of iron in a smelting
furnace. The analysed elements are not distributed evenly
in the examined slag inclusions, which additionally points
to their multiphase structure.

Based on the metallographic examinations it can
be said that Item 2 was made from bloomery iron with
increased phosphorus content, and locally carburised up
to the content of about 0.022% C. The hardness of ferrite
(158-181 HVOI) and the local presence of deformation twins
testify to the presence of phosphorus in the metal. Based on
the microstructure of the barrel and the morphology and
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Sample 2

Results of metallographic examinations

Fig. 10. Sample 2, microstructure images examined by optical microscopy: a — ferritic microstructure (bright) with sparse separations of
tertiary cementite in grain boundaries, and elongated slag inclusions (dark); b — ferrite with some teritiary cementite precipitated at the grain
boundaries and deformation twins (so-called Neumann bands), by L. Klimek.

Fig. 11. Sample 2, scanning electron microscope (SEM) micrographs magnifications:
a — ferritic microstructure and concentrations of slag inclusions; b — polygonal grains
of ferrite, by L. Klimek.

Fig. 12. Morphology of the analysed slag inclusions in Sample 2, by L. Klimek.
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Fig. 13. Surface distributions of elements
(X-ray maps) in Sample 2 in the area
depicted in Fig. 12, a — X-ray map of O;
b — X-ray map of Mg, by L. Klimek.

Fig. 14. Surface distributions of elements
(X-ray maps) in Sample 2 in the area de-
picted in Fig. 12, a — X-ray map of Al;
b — X-ray map of Si, by L. Klimek.

Fig. 15. Surface distributions of elements
(X-ray maps) in Sample 2 in the area
depicted in Fig. 12, a — X-ray map of K;
b — X-ray map of Ca, by L. Klimek.

analysis of slag inclusions, it can be said that Item 2 was  and Livonia. There are numerous pieces of information
also made by forging. on iron guns in sources from this territory??. On the other

Other analogies

22 The most important sources include: Das grosse Amter-

In this place, particular attention could be paid to data  pych des Deutschen Ordens, ed. W. Ziesemer, Danzig 1921; Das
from the territory of the Teutonic Order’s state in Prussia ~ Marienburger Tresslerbuch der Jahre 1399-1409, ed. E. Joachim,
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Fig. 16. Surface distributions of elements
(X-ray maps) in Sample 2 in the area de-
picted in Fig. 12, a — X-ray map of Mn;
b — X-ray map of Fe, by L. Klimek.

hand, mentions of weapons which could serve as analo-
gies for the discussed items from Biecz are much less fre-
quent. In 1404, the smithing master at Malbork (Marien-
burg) requested 9 Marks to be paid for the manufacture of
1 gun with 3 gunpowder chambers (eyne buchse von vier
stucken). It can therefore be assumed that it was an iron
veuglaire®. In 1451, 5 iron veuglaires (eyserne fogeler)

Konigsberg 1896; Das Marienburger Amterbuch (1375-1442),
ed. W. Ziesemer, Danzig 1916; Das Marienburger Konvents-
buch der Jahre 1399-1412, ed. W. Ziesemer, Danzig 1913; Nowa
ksiega rachunkowa Starego Miasta Elblgga, Cz. 1 (1404-1410),
ed. M. Pelech, Warszawa 1987; Nowa ksiega rachunkowa Starego
Miasta Elblgga, Cz. 11 (1411-1414), ed. M. Pelech, Warszawa 1989;
Ksiega kamlarii miasta Torunia z lat 1453-1495, eds. K. Kopinski,
K. Mikulski, J. Tandecki, Torun 2007; Visitationen im Deutschen
Orden im Mittelalter. Bd. 1: 1236-1449, eds. M. Biskup, I. Janosz-
Biskupowa, Quellen und Studien zur Geschichte des Deutschen
Ordens, Vol. 50, Marburg 2002; Visitationen im Deutschen
Orden im Mittelalter. Bd. 2: 1450-1519, eds. M. Biskup, I. Janosz-
Biskupowa, Quellen und Studien zur Geschichte des Deutschen
Ordens, Vol. 52, Marburg 2004; for the most relevant scholarship
see, e.g., J. Szymczak, Poczqtki...; V. Schmidtchen, Die Feuer-
waffen des Deutschen Ritterordens bis zur Schlacht bei Tannen-
berg 1410: Bestande, Funktion und Kosten, dargestellt anhand
der Wirtschaftsbiicher des Ordens von 1374 bis 1410, Liineburg
1977; A. Nowakowski, Arms and Armour in the Medieval Teu-
tonic Order’s State in Prussia, £6dz 1994; idem, Arsenaty zam-
kow krzyzackich w Prusach w latach 1364-1431, [in:] Medievalia
Archaeologica, Acta Archaeologica Lodziensia, Vol. 31, 1986,
pp. 49-100; W. Swictostawski, Koszty broni palnej i jej uzycia
w panstwie krzyzackim w Prusach na poczqtku XV wieku, ,,Studia
i Materiaty do Historii Wojskowosci”, Vol. 35, 1993, pp. 19-31;
B. Rathgen, Die Pulverwaffe im Deutschordensstaate von 1362
bis 1450, ,Elbinger Jahrbuch”, Vol. 2, 1922, pp. 1-116; A. R.
Chodynski, Bombarda krzyzacka z Kurzetnika, pocz. XV w.
[in:] Fundacje artystyczne na terenie panstwa krzyzackiego
w Prusach. Katalog wystawy w Muzeum Zamkowym w Malborku
25 czerwca-12 wrzesnia 2010 roku). Vol. 1, ed. B. Pospiesz-
na, Malbork 2010, pp. 126-127, P. Strzyz, Sredniowieczna... |
M. Dabrowska, Proces....

% Das Marienburger Tresslerbuch..., p. 309; V. Schmidtch-
en, Die Feuerwaffen..., p. 63; W. Swictostawski, Koszty..., p. 22;
A. Nowakowski, Arms and Armour..., p. 335; J. Szymczak,
Poczqtki..., pp. 107, 286.

were found during a visitation of the commandery in Reval
(Tallin)?. In 1461, in the course of the Thirteen Years War,
the municipal authorities of Torun (Thorn) bought 6 iron
veuglaires (eysern camerbuchssen) from a woman called
Pfeilschestynne from Elblag (Elbing)®. In 1508 and 1509,
2 veuglaires, described as iron naval guns with gunpowder
chambers (eisern schifbuchssen mit camern) were recorded
at the Order’s castle in Szestno (Sehesten)®.

With regard to raw materials, a very interesting men-
tion comes from 1411, when 3 barrels (vas) of osmund
iron were bought by a Peter Korner from Johann of Torun
(Thorn) upon the request of the Grand Master. This iron
was to be used by Johann, the smithing master to forge
(smeden) guns?. Osemund was cast iron, produced in Swe-
den in early blast furnaces (this process may have been
introduced around 1200) in the form of balls or irregular
lumps.?® Apart from the use of high quality imported raw
material, the Order’s specialists probably also mastered the
technology of casting iron in their own workshops. In 1412,
3 Marks were paid for the smithing master at Malbork
(Marienburg) for 2 Schiffpfund (about 292 kg) for casting
large cannonballs for terrace guns (grosen gelote czu gis-
sen czu den tarrashochsen)®.

The role of blacksmiths and other specialists dealing
with manufacture of iron firearms is poorly documented
in sources as compared with bronze and copper casting.
It seems that the significance of iron firearms increased
from c. 1450. At that time we can notice an increase in the
manufacture of iron barrels at the expense of bronze arte-
facts. This can be seen in Bratislava, which belonged to

2 Visitationen..., Bd. 2, p. 31.

% Ksiega kamlarii..., No. 15.

% Das grosse Amterbuch. .., pp. 189-190.

27 Das Marienburger Konventsbuch..., p. 252.

% A.R. Williams, The Sword...., pp. 189-190.

2 Das Marienburger Konventsbuch..., p. 282; on the use
of cast iron by the Order see also A. R. Williams, The Sword...,
pp. 190-191.
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Fig. 17. 1-2 hackbut, castle of HorSovsky Tyn; 3-4 piszczel gun from Moravska Tiebova. Photo P. Strzyz.

the Kingdom of Hungary in this period. A plan of casting
bronze hand-held gun barrels at the local foundry was given
up, and the work was commissioned to two town black-
smiths. In 1458 they manufactured 59 handgonnes which
were ordered by the municipal authorities®®. The example
of blacksmiths from Pszczyna in Silesia testifies to the fact
that the manufacture of iron barrels was possible even in
small centres. As early as the second half of the 15" c. they
were able to make “rury bombardytas” and light piszczel
guns, referred to in sources as “pixides™.

% J. Durdik, Pracovni postupy..., pp. 302, 323. As late as
1453 a can founder Hanu$ manufactured 60 handgonnes and
9 hackbuts for the town, using 4 Zenteners and 70 pounds of met-
al, see ibid., p. 322.

8t J. Kruczek, Produkcja broni i oporzqdzenia jezdzieckiego
na ziemi pszczynskiej od XVII do pol. XIX w., Pszczyna 1983,
p.- 47.
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Fig. 18. Piszczel gun, Ostrozska Nova Vés.
Photo Museum Ostrozska Nova Vés

Manufacture of small calibre artillery and hand-held
firearms was a relatively simple task and it was limited to
making a barrel which was circular or polygonal in cross-
section. It was made from one or several pieces of iron,
which was forged on an iron core. The manufacture of the
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Fig. 19. 1- hackbut, castle of HelfStyn; 2- barrel fragment, castle of Kiidlo; 1-2 by Fligel’, Hlozek, Hosek, Schenk, Zakovsky 2010, Fig. 3.

simplest artefacts of this kind was possible even in small
smithing workshops. In order to properly manufacture an
iron forged barrel, it was necessary to make several ele-
ments, depending on the kind of the weapon, and then to
assemble them together. The main element was obviously
the barrel, which was formed by labour-consuming hot
forging on an iron shaft. Then, the bore of the barrel was
stopped in its bottom part with a cylindrical tenon. Depend-
ing on needs, a socket was formed from a sheet of iron.
It was then forge-welded and attached to the barrel. Possible
additional parts, such as a hook or a ring which reinforced
the muzzle, were forged as separate elements. Then, they
were all forge-welded together. If the weapon was to be pro-
vided with aiming devices, oblong rectangular slots were
made in the barrel. Then, a foresight and a rearsight were
made as separate elements and they were secured in the
slots. Loops used to join the barrel with the stock in the case
of more modern weapons were secured in a similar way.
Traces of all these processes can be seen on many surviv-
ing examples.

In spite of a relative simplicity of the manufacturing
process, damages of iron barrels often occurred. There were
numerous reasons for it. Based on inspection of surviving
specimens, it seems that a crucial issue was a careful forge-
welding of pieces of iron in the barrel. If a touch point of
both edges was not processed properly, the barrel could
burst. As examples of this kind of damage, one can point
to a piszczel gun from Moravska Tiebova (Fig. 17: 3-4)
or a hackbut from the castle of HorSovsky Tyn (Fig. 17: 1-2).

Another possible reason for damage was unskilled
preparation of the raw material for the barrel. This was also
due to the use of iron from low quality bog ores, which
was widespread as late as the 14" and 15" ¢. Such iron con-
tained a lot of impurities (e.g., phosphorus or potassium),
as it could be seen in the case of the specimens from Biecz.

These impurities could potentially cause micro-cracks and
fissures. The results of examinations of the items from
Biecz can be compared with results of examinations of iron
firearms from the Czech Republic. These are a barrel from
the locality of Ostrozska Nova Vés and barrel fragments
from the castles of Helf$tyn and Kiidlo.

The find from the locality of Ostrozska Nova Vés
(south-eastern Moravia) has survived in its complete form.
Its is 25.7 cm long, its calibre is 3.36 cm and its weight
is 9.65 kg (Fig. 18). A sample was taken from its bottom
part. The examinations demonstrated a high level of purity
of iron (99.92% Fe), and small amounts of Mn (0.05%),
P (0.08%) and C (0.05%). There is no sulphur. In micro-
scopic magnification one can only see non-malleable par-
ticles of oxides of manganium, silicon, calcium and potas-
sium. The technological analysis demonstrated that the
item was forged at the temperature of about 720° C, which
caused less deformation during in the course of later cool-
ing and a relative softness of the barrel. To sum up, the raw
material was made from the ore which was selected in such
a manner so that it did not contain sulphur and with the
low content of phosphorus. This gun may be of local manu-
facture and its quality speaks well about the skills of the
smith who made it. This was not an easy task, bearing in
mind the massiveness of the gun, especially its bottom part.
At the same time, its massiveness rendered the gun resistant
to cracks of even 9.5-12.5 mm*,

The barrel fragment from the castle of Ktidlo (Fig. 19: 2) is
octagonal in cross-section and its calibre is about 2.4-2.5 cm.

8 V. Ustohal, K. Stransky, V. Hanak, Hakovnice ze Slovacké
Pidy, ,,Slovacko”, Vol. 33, 1991-1992, pp. 159-164, fig. 4-7, see
also D. Fligel’, M. Hlozek, J. HoSek, Z. Schenk, P. Zakovsk}'z,
Interdisciplinarni analyza roztrzené zZelezné hdakovnice z hradu
Helfstyn, ,Castellologica Bohemica”, Vol. 12, 2010, p. 457.
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The examinations demonstrated that it was made from fer-
ritic iron of a high degree of purity. The metal was carefully
forged for many times, which enabled the smith to remove
numerous impurities or shift them under the surface of the
barrel. At room temperature, the barrel could even with-
stand structure cracks at the length of 4.3-6.4 mm. In spite
of this, the weapon burst. According to the authors of
research, it may have been caused by low temperature at
which the weapon was used. Such a temperature dramati-
cally decreased the gun’s quality and even structure cracks
of about 1 mm could prove fatal. In the light of the research
and reconstruction of pressure produced by historical gun-
powder, it turned out that using the weapon at the low tem-
perature (below zero — in Winter) was the most probable
reason. Under such circumstances, even the first shot could
make the barrel burst. The use of a too strong gunpowder
charge may have been another reason. The research dem-
onstrates that as early as the 15" c. basic shortcomings of
firearms were known. It was attempted at eliminating them
by means of careful smithing processes®,

It seems that the part of a hackbut from the castle of
Helfstyn in Moravia is later and it can be dated to the late
15"-mid 16" c. (Fig. 19: 1). The preserved fragment is about
24 cm long and its calibre is 1.5 cm. The examinations dem-
onstrated that the barrel was forged from iron with a very
high content of phosphorus. Two zones with slightly dif-
ferent structures were observed in the examined surface.
The first one was the homogeneous ferritic zone with the

high phosphorus content of c. 0.5-0.6%. The other one is
ferritic-pearlitic and the carbon content is about 0.2-0.3%.
In the entire surface one can see densely distributed small
inclusions of non-malleable admixtures (oxides). Within
the other zone, a 4.2 mm long crack was noticed. As it is
known, the high content of phosphorus in iron is detrimen-
tal for its quality, as it makes it brittle and prone to break-
ing. The maximum content of phosphorus which does not
negatively influence the quality of a given artefact should
not be higher than 0.1%. Furthermore, the content of phos-
phorus in iron can also increase due to the use of hard-
wood (e.g., oak) charcoal for iron smelting. The barrel from
Helfstyn was forged in the temperature over 950° C, which
also negatively influenced the quality of the artefact. At this
temperature, it came to a diffusion of phosphorus between
austenitic and ferritic structures. This resulted in micro-
cracks when the artefact was cooled. Further use of the gun
led to enlargement of these cracks and finally caused the
weapon to burst. In this particular case, the crack occurred
in the internal part of the barrel.®*

Based on these analyses it can be said that the quality
of these artefacts was not very high. In each case the pres-
ence of non-metallic inclusions was noticed, which reduced
the toughness of the barrels. This is even seen in the case
of the barrel from HelfStyn, which is the latest of all the
examined items. It can be therefore said that the only effi-
cient method of preventing guns from breaking was to forge
barrels with sufficiently thick walls.

Streszczenie

Péznosredniowieczna bron palna z zelaza kutego z Muzeum w Bieczu

Technika wykuwania w $redniowieczu luf broni pal-
nej z zelaza byla szeroko rozpowszechniona. W przypadku
najci¢zszych dziat (bombard), na przygotowany z szeregu
sztab przewod lufy czy tez komory prochowej naktadano
obrgcze — poprzeczne pierscienie wzmacniajace. W odnie-
sieniu do artylerii lekkiej: hufnic, tarasnic czy foglerzy,
tak ztozona technika nie byta konieczna i luf¢ mozna bylo
wykonac¢ jako odkuwke z jednego lub najwyzej kilku kesow
zelaza. Dotychczas w Polsce nie prowadzono badan specja-
listycznych tego rodzaju broni.

Przedmiotem zainteresowani byty dwa sredniowieczne
zelazne dziata przechowywane obecnie w Muzeum Regio-
nalnym w Bieczu (nr inw. 295 i 296), a interpretowane
jako komory foglerzy. Probki do analiz pobrano z ich cze-
$ci wylotowych, a miaty one na celu rozpoznanie struk-
tury materiatu i techniki produkcji. Na catym badanym

% K. Stransky, V. Ustohal, Rozbor fragmentu sredoveké hdk-
ovnice, ,,Hutnické listy”, Vol. 48/12, 1988, pp. 907-910, figs. 2-6;
see also D. Fligel’, M. Hlozek, J. Hosek, Z. Schenk, P. Zakovsky,
Interdisciplinarni analyza..., p. 457.
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przekroju wycinka z dziata nr 1 (nr inw. 295) wystepuje
drobnoziarnista mikrostruktura ferrytyczno-perlityczna.
Mata zawartos¢ perlitu wskazuje na niewielka zawartos$c¢
wegla w probee (okoto 0,1-0,2% C), co odpowiada zawarto-
$ci tego pierwiastka charakterystycznej dla stali migkkie;j.
Widoczne w powigkszeniu wtracenia zuzla tworza miej-
scami skupiska, a analiza ich sktadu chemicznego wykazata
obecno$¢ takich pierwiastkow jak: O, Si, Fe, Al, P, K, Ca,
oraz $lady S. Wykonane mapy rozktadu powierzchniowego
pierwiastkow w tym analizowanym obszarze dowodza, ze
gtéwnymi sktadnikami w tych wtraceniach zuzla sg krzem,
zelazo oraz tlen. Sga to wigc zanieczyszczenia zwigzane
z dymarskim sposobem otrzymywania zelaza. Na podsta-
wie przeprowadzonych badan metalograficznych mozna
stwierdzi¢, ze lufa dziata nr 1 wykonana zostata z migkkie;j
stali dymarskiej o podwyzszonej zawartosci fosforu, na co
wskazuje tez pomiar twardo$ci metalu — 141 HVOI.

Druga z probek pochodzi z lufy o nr inw. 296. Na
calym badanym przekroju obserwujemy mikrostrukture

# D, Fligel’, M. Hlozek, J. Hosek, Z. Schenk, P. Zakovsky,
Interdisciplinarni analyza..., pp. 453-455, 457, figs. 10, 11.
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ferrytyczna z niewielka iloscia cementytu trzeciorze¢do-
wego rozmieszczonego na granicach ziaren ferrytu. W nie-
ktorych ziarnach ferrytu dobrze widoczne sg blizniaki
deformacji, $wiadczace o podwyzszonej zawartosci fosforu
w metalu tej lufy. W tym przypadku wielko$¢ ziaren fer-
rytu jest wyraznie wigksza niz w lufie nr 1. Wystepujace
w probcee 2 wtracenia zuzla tworza rowniez miejscami sku-
piska, a analiza map rozktadu powierzchniowego wykazata
obecno$¢ takich pierwiastkéw jak: O, Fe, Mg, Si, Al, Mn,
Ca oraz K. W przewadze sg to zanieczyszczenia pocho-
dzace z procesu hutniczego, a ich wystepowanie zwigzane
jest zaréwno z rodzajem rudy uzytej w procesie wytopu jak
i z dymarskim sposobem otrzymywania zelaza. Na podsta-
wie przeprowadzonych badan metalograficznych mozna
stwierdzi¢, ze lufa dziala nr 2 wykonana zostata z zelaza

dymarskiego o podwyzszonej zawartosci fosforu, miej-
scami $ladowo nawegglonego do zawartosci ok. 0,022% C.
Wyzsza twardos¢ ferrytu (Srednia twardos¢ 172 HVI10)
oraz wystepujace miejscami blizniaki deformacji $wiadcza
0 obecnosci fosforu w metalu lufy dziata nr 2.

Na podstawie przeprowadzonych badan mozna stwier-
dzi¢, ze lufy dzial wykonane zostaly z prawie czystego
zelaza, z zastosowaniem obrdbki plastycznej — kucia. Jedno-
czes$nie jest bardzo prawdopodobne, ze obie lufy (komory)
mogly by¢ wykonane w lokalnym warsztacie kowalskim,
zaopatrzonym w odpowiednie narzedzia. Przeprowadzone
analizy potwierdzaja nie najwyzsza jako$¢ przebadanych
wyrobow. Wiasciwe w kazdym z przypadkéw w przekro-
jach zanotowano obecno$¢ szkodliwych dodatkow nieme-
talicznych ostabiajacych wytrzymatosé luf.
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