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of six plates each about 6.5 cm wide. The inner diameter of this cylinder is 10
cm and protudes 22 cm from the rear portion onto the barrel of the cannon. The
gun powder was probably filled up in this smaller cylinder and lighted using
the fuse hole placed on the top of the rear section. Therefore, this smaller cylin-
drical barrel should proceed up to the location of the fuse hole (see Fig. 9).
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Fig. 9: Reconstruction of the rear end of the cannon. Notice that the cylinder in which
the gun powder was filled progresses all the way up to the fuse hole location.

The end supporting circular block of iron at the end of the bore is ap-
proximately 55 cm in length. The rear section is again made of rings and a total
of 4 rings can be counted on the external face of the extreme rear portion (see
Fig. 10). The rear end (Fig. 10) shows that the number of rings has been succes-
sively reduced in order to finally reach the solid iron cylinder at the extreme
end of the cannon. A reconstruction of the cross section of the rear end is de-
picted schematically in Fig. 9. The extreme rear of the cannon shows a small
projection (see Fig. 10) and this would have aided lifting and handling of the
cannon, using either ropes or chains.

In order to obtain a lower-bound estimate of the total number of rings
used in constructing the cannon, the ring assemblies in the rear of the cannon
must be also taken into account. The minimum number of rings used in this
rear construction, as per the outline described above (see schematic in Fig. 9) is
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Fig. 10: Rear end of the cannon.
12 rings. Therefore the minimum number of rings used in the construction of
the entire cannon is 12+136 = 148 rings.

The engineering genius and blacksmithy skills of the medieval Indians,
who forged this wonderful piece of wrought iron cannon, must be appreciated.
Apart from the strict dimensional tolerances that were required in the fabrica-
tion of the individual rings (with their varying diameter, thickness and width
depending upon their location along the gun barrel), it would have required
tremendous skill in designing and manufacturing this cannon. The whole op-
eration must have been conducted in the hot working range, further emphasiz-
ing the difficulties and skill in handling of the cannon during its manufacture.

CONSTRUCTION

Ideas about the construction methodology of the cannon can be first
gleaned from the front face of the cannon. There are a total of 11 plates, each of
them 7 to 6.5 cm wide and 4 cm in thickenss, which make up the inner bore of
the cannon. On progressing deeper into the barrel of the cannon, these iron
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staves become thicker. The thickness of the iron staves in the rear was 6 cm
(see Figs. 7 and 8).

Another important conclusion that can be drawn from the observation
of the front end of the cannon is that two successively larger diameter iron rings
have been used to construct the thickness of the cannon. Let us compare the
ring diameters at the front portion and at the rear portion, just before the dam-
aged portion. The external ring is approximately 58 cm in outer diameter and
40 cm in inner diameter, as can be made out from the front damaged portion.
The inner diameter of the inner ring is 29 cm, while the outer diameter 40 cm.
Now moving to the damaged portion in the back, let us look at the dimensions
of the inner and external ring. The external ring has an outer diameter of 61 cm
(based on the measured perimeter) while the inner diameter is 37.5 cm. The
external diameter of the inner ring is the same as the internal diameter of the
outer ring (i.e. 37.5 cm) and its inner diameter (touching the iron staves) is 29
cm. Therefore, the thickness of the inner rings has decreased while that of the
external ring has increased compared to that seen in the front. This helps us to
conclude that as one progresses deeper into the barrel, the inner ring almost
maintains its thickness while the external rings become progressively thicker,
thereby providing the apparent tapered appearance to the barrel of the cannon.

The procedure by which the thickness of the cannon was built up can be
stated with some certainty. The manufacture of the main barrel of the wrought
iron cannon would would have required shrink fitting of these rings over a
removable central mandrel on which the iron staves must have been longitudi-
nally placed.

Another interesting feature noticed in the damaged front and back por-
tions is that the straight iron staves, which were placed on the inner portion of
the cannon bore, continue all the way up to the end of the cylindrical barrel. A
very important observation is that the thickness of the iron staves in the rear
portion is 6 cm and this is greater than the thickness of'iron staves (4 cm) on the
front cross section. At the end, the iron staves have been intelligently con-
nected to the rear portion of the cannon, as can be made out from Fig. 8. The
inner diameter of the iron staves in the damaged portion is 17.5 cm and this is
only slightly smaller than the inner diameter of 22 cm noticed on the front face.
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This shows the excellent design maintained in the fabrication of the cannon.
This also indicates that while the main barrel shows a increasing diameter on
moving from the front to the rear, the inner barrel diameter exhibits increase in
diameter from the back to the front.

The skill of the medieval Indian blacksmiths that forged this cannon
can be appreciated from the fact that careful reproduction of dimensions must
have been required because the various gaps have to be closed successfully.
The rings that make up the outer shell of the cannon must have been shrunk fit
over the inner iron staves, both in the main bore as well as the rear portion. This
would have required careful design considerations to take into account the
shrinking of the iron ring over the staves. As noted before, the outer rings have
closed the gaps between the inner rings.

The damaged portion at the rear end provides some vital clues to how
this section was manufactured. The iron staves that made up the inner bore of
the cannon was allowed to meet the rear, where it was clamped by means of the
iron rings (see Fig. 8).

The design and manufacture of the cannon in the rear section can be
addressed based on the schematic of Fig. 9. A cylindrical hollow structure was
fabricated using iron staves and the diameter of this cylinder was smaller than
that of the main bore of the cannon. Around this, iron rings were forged in order
to make up the rear section. Later this rear portion was joined to the main bore
of the cannon by connecting with the iron staves from the cannon bore and over
which the iron rings of the main barrel were forged over. This can be clearly
discerned from Fig. 8.

The ingenious construction of the cannon utilizing sound engineering
principles has to be appreciated. However, it must be realized that construction
of the forge-welded cannon must have necessarily been tedious because of the
enormous skill (and time) required in precise dimensioning of the various rings.
This is important because the rings had to fit tightly over each other, once the
rings cool down from the high temperature. The construction of this cannon
(and also the other forge welded cannons) would have taken a considerable
amount of time. In contrast, cannons that were manufactured by casting would
have been much faster to fabricate because of the nature of the casting process
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itself. This allowed more number of cannons to be fabricated using cast iron
technology and therefore, resulted in a military advantage for the people ca-
pable of casting cannons. In this regard, it is reasonable to propose that the cast
iron technology developed by the colonial European powers was a very vital
ingredient of their military successes because they could manufacture large
number of artillery pieces in a relatively short period of time. Therefore, al-
though the local Indian forge welding technology was in a refined stage during
the medieval period, the lack of adapting to casting technology must have been
partially responsible for the military defeat to the European colonial powers.
Indian technology did not learn from the west as regards cast iron technology
and therefore this lack of adaptation ultimately resulted in India falling into
European hands during pre-modern times.

MATERIAL OF CONSTRUCTION

It was not possible to obtain a piece of iron from this iron cannon for
metallurgical analysis. Of course, it is obvious that the cannon was not cast and
therefore the use of cast iron can be safely discounted. The surface condition of
the cannon reveals several interesting details. The color of the cannon appears
different depending on the time of observation of the cannon. The surface ap-
pears reddish brown in sunlight. The surface is almost free of corrosion. In fact,
the amount of rust on the exposed surface was so small that rust could not be
collected for analysis. The iron used in the construction must have been ob-
tained by the direct reduction process. It would be useful to obtain samples
from this cannon that can be subjected to careful chemical and microstructural
analysis.

CONCLUSIONS

The forge welded iron cannon located currently in the Jhansi fort, by
name Kadak Bijli, has been addressed in this communication. The general de-
sign of the cannon has been described. The dimensions of the cannon have
been measured. Its length is 5.5 m and it weighs about 5 tons. The damaged
locations in the front and rear of the cannon permit understanding of the manu-
facturing details of the cannon. The main barrel of the cannon was manufac-
tured by forge welding two layers of rings over 11 longitudinally placed iron
staves. The ingenious construction at the rear portion of the cannon has been
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described. A smaller diameter cylinder, made up of iron staves, appears in the
rear and this was used for filling the gun powder. The engineering skill of the
medieval Indian blacksmiths can be appreciated by understanding the construc-
tion of this cannon.
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