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Abstract 
The remains of ball bearing from the Roman imperial ships of Nemi lake are 
investigated to understand their mechanical design and to speculate on the 
machines they were used in. The imperial ships are dated at first century A.D. 
and they were digged out from the lake with several significant remains in ti-
tanic operations in 1930s. Today the bronze remains of the ball bearings can 
give new insights of the ancient Roman technology with renewed considera-
tions and analysis both from historical and technical viewpoints as per their 
construction and use. 
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1. Introduction 

Roman machines attracted and still attract great attention not only for their spe-
cific designs of relevant interest for the History of Science and Technology, but 
also for the surprising level of technology they refer to as technical background 
for modern developments and even as inspiration sources for modern solutions 
yet.  

From historical viewpoints general considerations are outlined in general stu-
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dies for the historical timelines to track machine evolution as part of the man-
kind history as for example in the encyclopedic woks (Capocaccia, 1973; Singer, 
2012) and in monographic works like (Galli & Pisani Sartorio, 2009; Russo & 
Russo, 2009; Rossi et al., 2009; Ceccarelli & De Paolis, 2008). Specific analyses 
have been also worked out on the machine technology by looking at machines 
with details on mechanical design and usage, like for example in (Ucelli, 1950; 
Ghini, 2000; Unknown, 2000). 

Nevertheless, there are still aspects to be discovered or better investigated as 
indicated also in exhibitions of machine reconstructions like in (Russo & Russo, 
2009). 

The work in this paper is in the field of refreshing attention to the ball bearing 
remains in the Roman imperial ships that with a renew investigation can give a 
new understanding both on the specific archeological remains and the machines 
they were used in. 

The significance of a study on Roman ball bearing remains can be understood 
not only for the specific historical interest on their designs but even more as an 
important solution as machine component that today yet in modern machinery 
indicates the level of technology behind them both from theoretical and practical 
expertise. Thanks to the proper high-quality ball bearings the Roman engineers 
could design and operate complex machines successfully as outlined in (Rossi et 
al., 2009). 

This paper discusses results of a recent investigation that has been carried out 
on the ball bearings belonging to the remains of Roman imperial ships dated 
back to the first century A.D. during the Caligola’sempire. The ball bearings 
were discovered together with the finding of two Roman imperial ships in the 
Nemi’s lake, near Rome, during the years 1928-32. The discovery was a result of 
an impressive recovery work of the ships from the bottom of the lake is reported 
in great details with first studies on those remains in (Ucelli, 1950). This work 
brings new light on the understanding of the Roman ball bearings with the re-
sults of the renewed investigations on the mechanical design, manufacturing 
process, and usage in complex machines. However, some aspects still remain 
unsolved as for alternative speculations in manufacturing and machine implan-
tation as referring to how they were used in the Roman imperial ships since no 
actions of investigations other that those herein reported were permitted on the 
archaeological remains. 

2. The Roman Imperial Ships from the Lake of Nemi 

Historical sources and physical evidences have placed the presence of two big 
Roman imperial ships in the lake of Nemi (about 30 km south-east from Rome) 
since the last time of Roman empire. Since always they addressed the attention f 
and since the beginning of Renaissance they were sources of archaeological in-
vestigations, although it is evident that they were sources of findings (permitted 
and illegal ones) since the first days of their abandon and sink in the first century 
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A.D. during the Roma times.  
In Figure 1 a pictorial reconstruction is shown as reconstruction for a general 

public but even for investigators imagining the magnificence of the ships in the 
Nemilake since they were understood as holy floating temples and emperor 
summer villa being built for Caligola emperor (12-41 A.D.) very likely in 37-41 
AD, (Ucelli, 1950).  

The size and rich equipment of the ships addressed attention not only for the 
artistic aspects of the furniture but even for the technological constructions they 
were provided of. The artistic findings are today exhibited in several museums, 
such as Museum of Roman ships in Nemi, (Ghini, 2000), and Museum Massimo 
of Rome, (Unknown, 2000). Findings contain also technological information 
when considering their design and manufacturing, such as for examples refer-
ring to the several bronze heads and artistic piecesthta were discovered in several 
campaigns of archeological investigations since 15th century. The first serious at-
tempt to recover the whole ships was made in 1446 by Leon Battista Alberti, who 
could only well identify the ships and could recover few pieces, (Ucelli, 1950). 
Later in 1535 Francesco De Marchiworked even with a first underwater suite and 
he got a better insight of the ships lying on the bottom of the lake at about 10 
meters below of the water level. But only in 19th century the interest gave results 
with the actions of Annesio Fusconi in 1827 and then with the works of Eliseo 
Borghi with a diver in 1895. Finally, the work of the coronel Vittorio Malfatti 
during 1895-1908 in several investigations made possible to plan a project for 
digging out the ship as sponsored by the Italian government with the interven-
tion of several Italian industries, (Ucelli, 1950). The governmental commission 
with Corrado Ricci as chair worked from 1907 to 1927 to evaluate and elaborate 
feasible projects for digging out the ships from the lake with cooperation of a 
team of Italian industries of high technical expertise, such as Costruzioni Mec-
canica Riva with dr. Guido Ucelli.and Stligerfrom Milan, Societá Elettrica e Gas 
di Roma e Laziale di Elettricitádi Roma with dr Augusto Biagini, Ditta Lazzarini 
e Meacci from Rome. 

After preparing the buildings, the machines, and a channel for water release 
by restoring the still-existing Roman one, the operations of pumping out the 
water of the lake out were started on 20 October 1928, (Ucelli, 1950). They were 
terminated after several accidents with the planned recover of the second ship 
lying at about 20 m below the original water level (the first ship was at 12 m 
whereas the maximum deep of the lake is about of 30 m) on 8 November 1932. 
The overall recoveroperation was considered a titanic operation for the time and 
it addressed surprise and worldwide appreciation with several publications in-
different frames (academic publications and technical reports like the one in 
(SKF, 1939), and even articles in newspapers and magazines like for example the 
article Bottazzi, 1928) with a very early information to the public).  

The remains of the two digged out ships are shown in Figure 2 by photos of 
the time. Surrounding the ships several findings were discovered and catalogued 
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as to be preserved in Museums. A special museum was built for the two ships on 
the Nemi lake’s shores with a first exhibition to the public on 20 January 1936. 
Unfortunately, on 31 May 1944 the ships were completely fired by a terroristic 
action by the German soldiers, (Cinelli, 1944), and today nothing remains of the 
ships except few parts and metallic elements that are still exhibited in the re-
newed Museum of Roman ships in Nemi at the lake shores, (Ghini, 2000). 

 

 

Figure 1. A ship reconstruction from a painting of 1920s. 
 

 
(a) 

 
(b) 

Figure 2. Remains of the Roman ships asrecovered in 1928-32 from 
the lake of Nemi: (a) A photo of the 1930s’ of the first shipjust 
stored within the museum; (b) The second ship just digged out. 
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The construction of the two ships was and still is considered remarkable both 
for the sizes (71.3 × 20.0 m and 73.0 × 29.0 m) and technical solutions for their 
construction as indicated in (Ucelli, 1950; Bonino, 2003). The structure is made 
of different high-quality woods with connections that are obtained either by 
properly shaped wood constraints or iron spikes of high-quality metal. The wa-
ter insulation was obtained with layers of tar, wool textile, and lead foils that were 
fixed with large-head copper spikes. The ships should have large over-structures in 
several floors with rooms with rich furniture and statues even made by bronze as 
also pointed out in (Ucelli, 1950) and in a recent reconstruction, (Bonino, 2003). 
It is believed that those rooms were provided even of a heating system like in 
traditional Roman thermals since specific pipelines whose several fragments 
were found in the digging out operations and now are preserved in the Museum 
of Roman ships in Nemi, (Ghini, 2000). 

Both ships were provided of big helms with bronze decorations to direct the 
ship motion. The second ship, as very likely per temple use, was designed with a 
large area for rovers with the aim to move the ship in the lake. Relevant are also 
the anchors whose structure was recognized with solutions that were thought of 
only modern conception. Significant are also the devices that were the equip-
ment for the operation on the ships, such as pumps, norias, valves, small cranes, 
and winches. 

3. The Rediscover of the Ball Bearings Remains 

Among several impressive pieces, such as water bronze tap and heating water 
lead pipelines, there are the ball bearings studied in this work as reported in 
(Ucelli 1950; RIV, 1932) with the exhibition at the time of the discover in Figure 
3. The remain sixteen ball bearings are stored in a glass showcase, Figure 4, in-
side the Nemi’s Museum and two of them are still installed on a wood frame, 
Figure 5. Six of them were found and catalogued by Malfatti in 1895 with codes 
33,823 - 33,838 in the National Roman Museum’s records. Today, these remains 
are recorded with code 92 of the new catalogue draft during the operations in 
1928-1932, (Ucelli, 1950). The other ball bearings were discovered with the first 
ship between the end of August and the beginning of September 1929, and they 
were catalogued with codes 124,831 and 124,832 with the latter referring to the 
two ones in the wood frame. Since they were found in different places, it is rea-
sonable to think that they were part of different machines. In the reconstruction 
inside the Nemi’s Museum, as proposed at the time of the discover by Ucelli, 
(Ucelli, 1950), the ball bearings form a circular platform for load rotation (see 
Figure 8(a)). 

4. Design and Analysis of Ball Bearings Remains 

During the investigation in this report, non-invasive analysis has been carried 
out for detecting measures, surface status and material information. Due to the 
random arrangement inside the glass showcase, Figure 4, the identification of 
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the single specimen with respect to its mechanical purpose is not possible. The 
ball bearings are composed of a central spherical body and two extremities with 
slightly cylindrical/conical pin, as represented in Figure 6 referring to one of 
them as sample. The main construction dimensions are identified in the diame-
ters and lengths of these parts as modelled in the scheme reported in Figure 6(b) 
where di (i = 1 … 4) are the diameters of the pin extremities, D is the diameter 
of the spherical body and a, b, L are the lengths of the two pins and the whole 
ball body, respectively. All the ball bearings are shown in Figure 7 with a nume-
ration given during the analysis in this investigation. The measurements, even 
the weight, are reported in Table 1. Most of the data agree with the information 
acquired at the moment of the discovery as in (Ucelli, 1950; RIV, 1932). It is possi-
ble to identify the specimen in Table 1 as no. 3, 4, 5, 7, 9, 15 and 16 as the group 
catalogue with 124,831 code and no. 1 and 2 as the group with code 124,832. 

In the remained wood assembly in Figure 8, the ball bearings with numbers 1 
and 2 show a 52-degree angle between their axles pointing towards an intersect-
ing point. This configuration may suggest that these ball bearings were part of a 
circular platform or a circular sector. In the first case, the above assembly gives a 
radius of about 70 cm and needs eight ball bearings, as reconstructed by Ucelli, 
in (Ucelli, 1950). But counting nine bearings as those discovered together below 
the first ship, a missed should be selected from the others discovered in different 
places. Or could the circular platform be assembled with eight bearings only? 
However, considering the 16 specimens as grouped in sets with similar sizes for 
different applications and/or machines it is remarkable to point out the tolerance 
characteristics as summarized in Table 2 giving five different sets when the 
sphere diameter is considered the main parameter of the sets. One can try to 
combine the sets to find a proper group of 8 bearings with near tolerance but 
still at least three other groups can be differentiated from each other. It is to note 
that the pin extremities show slight conical shape whereas very few of them are 
indeed cylindrical (see no. 3, 15 and 16). The wear during the use may have 
shaped the conical shape as also suggested in (Ferretti et al., 1997). 

Remarkable is also that in several ball bearing a small mark can be detected on 
the head of the pins, as shown in Figure 9, as very probably due to lathe manu-
facturing. 

A CAD model has been elaborated both to recognize the characters of the 
mechanical design and to simulate the response during operation. The CAD de-
sign is designed for a circular platform as in Figure 10(a)) replicating the Ucel-
li’s reconstruction by using the model in Figure 10(b)) for each ball bearing. 

A simulation has been computed with a payload of 1000 N on the platform 
while the platform rotates at a low speed of 10 deg/sec. The results are computed 
also in term of stress response of each single ball bearing as shown in Figure 11 
where it can be noted that the spherical body does not suffer significant stress as 
expected as due to the slow revolving motion while the pins show critical condi-
tions at the joints with the spherical body as due to the reaction forces in their 
functioning as beams under flexion. This can be considered the source of the  
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Figure 3. Exhibition of the ball bearings at the time 
of discover form a video of 1930s’. 

 

 

Figure 4. Todays showcase with the ball bearings at 
the Museum of Roman ships in Nemi. 

 

 

Figure 5. Remains of the wood platform with ball 
bearings in Figure 4. 

 

 
(a) 

 
(b) 

Figure 6. Sizes of the mechanical design of a ball bearing: (a) A 
specimen; (b) A model. 
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Figure 7. The dicscovered 16 ball bearings of the Roman imperial 
ships in Nemi lake in Figure 3. 

 

 

Figure 8. The first two ball bearings in the remained wood frame, Figure 5. 
 

wear that has generated the slight conical shape of the pin extremities not similar 
in all the ball bearings as pointed out since the discovers in (RIV, 1932). The si-
mulation results emphasize the fact that most of the contact pressure is on the 
axle and the spherical surface seems to be free form load conditions performing 
a quasi-free rotation. 

5. Analysis of the Material 

A specific study has been carried out considering the material used in the  
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Figure 9. The mark on the head of pin in a ball bearing. 
 

 
(a) 

 
(b) 

Figure 10. A CAD model for operation simulation with: (a) Platform design 
with ball bearings on wood support; (b) A bronze ball bearing Figure 6. 

 

 

Figure 11. Results of FEM stress analysis of the CAD model in Figure 10. 
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Table 1. Dimensional characteristics of the remained ball bearings in Figure 7 as the 
model in Figure 6(b). 

No. 
L 

[mm] 
a 

[mm] 
b 

[mm] 
D 

[mm] 
d1 

[mm] 
d2 

[mm] 
d3 

[mm] 
d4 

[mm] 
weight 

[g] 

1 112.6 35.8 36.4 42.5 11.2 13.3 13.5 13.5 423 

2 113.0 31.8 38.5 45.8 11.8 13.0 12.5 12.5 na 

3 114.6 35.0 38.0 45.8 13.5 12.9 13.8 13.6 455 

4 114.3 34.5 35.5 44.7 11.0 12.5 13.5 13.3 403 

5 107.6 31.5 36.2 44.8 12.2 13.3 13.2 12.8 426 

6 120.0 41.0 36.5 45.0 12.3 14.0 13.5 14.3 465 

7 128.2 49.0 38.0 45.0 12.5 13.6 12.4 14.1 493 

8 124.0 42.8 37.5 45.0 12.0 13.0 13.0 13.2 457 

9 115.0 36.0 37.0 45.2 13.0 14.0 13.4 13.6 462 

10 114.5 36.2 38.0 44.1 11.0 13.0 13.4 11.7 399 

11 112.5 35.0 35.0 46.0 12.8 13.0 12.5 13.5 449 

12 115.5 38.0 36.5 43.0 12.0 13.0 13.0 14.0 433 

13 110.5 36.0 32.0 44.2 12.6 13.2 13.2 13.0 429 

14 107.0 30.5 37.0 45.0 11.7 13.0 13.5 13.0 420 

15 109.0 30.0 36.2 46.0 13.8 13.4 14.0 14.0 461 

16 113.2 33.5 36.0 43.3 12.0 12.0 12.0 12.3 406 

 
Table 2. Tolerance characteristics of the sets from specimen in Table 1.  

set I II III IV V 

no. 1, 12, 16 10, 13 4, 5 6, 7, 8, 9, 14 2, 3, 11, 15 

r [mm] 42.5 - 43.3 44.1 - 44.2 44.7 - 44.8 45.0 - 45.2 45.8 - 46.00 

L [mm] 112.2 - 115.5 110.5 - 114.5 107.6 - 120.0 107.0 - 128.2 112.5 - 114.6 

d [mm] 11.2 - 14.0 11.0 - 14.0 12.2 - 14.3 12.0 - 14.3 11.8 - 14.0 

 
construction of the ball bearing on wood support. At the time of the discover in 
1929 they did a chemical analysis (RIV, 1932), that was not possible to repeat 
since it will require to use part of a specimen. In the report (RIV, 1932) the 
composition was measured in average with 83.32% Cu, 13.20% Sn, 3.38% Pb and 
0.10% Fe. 

Roman copper alloys have been widely investigated with several scientific 
techniques as in (Moioli & Seccaroni, 2000; Ferretti et al., 1997; Craddock, 2004; 
Orazi et al., 2016) from many points of view, among which special attention is 
addressed to the alloy choice and the casting technique. The relationship be-
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tween the latter elements is deeply linked to the use of the final casted object. For 
the manufacturing of large and complex structures, such as statues, lead (Pb) 
was added in order to produce a more fluid molten alloy with a lower melting 
point, while for military tools zinc (Zn) and lead (Pb) were usually mixed in the 
copper alloy in order to improve the mechanical resistance. In addition to tech-
nological factors, economic, social and symbolic aspects were considered by 
Roman manufacturer, leading to a complex relationship among alloy, technique 
and object’s purpose, as pointed out for example in (Stan et al., 2017; Dung-
worth, 2016). The traditional tin (Sn) bronze that is described in Pliny’s Natura-
lis Historia, (Plinius the Old, 1961) has worked with several variations in terms 
of levels of the principal alloying elements (Zn, Sn and Pb) but maintaining the 
coherence between materials and nature of the object being casted. In this work, 
the single components of the bronze alloy are investigated in order to better un-
derstand the casting procedure of the ball bearings belonging to the remains in 
the Nemi ships. The understanding of the manufacturing of these objects is fun-
damental for the understanding of their usage inside the mechanisms in the 
ship. Non-destructive compositional studies were carried out by using the X-Ray 
Fluorescence (XRF), which analyses the emitted energy in the form of fluores-
cence X-ray as result of X-rays irradiation. The fluorescence-emitted energy is 
characteristic of each involved element and its intensity varies according to the 
quantity of the elements present in the investigated sample (Moioli & Seccaroni, 
2000). The analyses on the ball bearing were performed by the ELIO XG-lab 
portable system as in Figure 12 with the acquisitions of the parameters that are 
summarized in Table 3. 

The composition examination revealed the presence of copper (Cu) and tin  
 

 

Figure 12. ELIO XRF portable system acquiring fluorescence spec- 
trum from the ball bearing n.8. 

 
Table 3. Acquired parameters by X-Ray Fluorescence (XRF) analysis, Figure 12.  

Acquisition  
time 

Operativity  
Energy 

Current 
Distance  

sensor-object 

60 sec 40 kV 80 μA ~1 cm 
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(Sn) as principal alloy components as expected for a typical roman bronze, while 
lead (Pb) and iron (Fe) were detected with a minor quantity as being additional 
elements. The presence of the latter elements in the copper alloy confirms the 
mechanical purpose of the ball bearing for the characteristics they give in terms 
of mechanical resistance under motion operation. In addition, the results indi-
cate that the ball bearing bronze is composed of iron, copper, tin and lead, whe-
reas the XRF analysis detected that iron and plumb are non-homogenous distri-
buted in the bodies of ball bearing with differences among the spherical volume 
and pins. 

The above analysis can be considered a further detection of the good value of 
materials that were used in the ball bearing, in coherence with the high-levels 
metallurgy of the Romans (Giardino, 2010; Scott, 1991). The use of metals in the 
ball bearing is according to typical Roman bronze, that was used with different 
components as function of the object purpose, namely copper and tin are con-
stantly present while lead and iron are less frequent for pottery or utensils, but 
they are common for statues ormolds (Marabelli, 1991; David et al., 2013).  

A final aspect in the analysis has been a check of the surface status of the ball 
bearings both to look for manufacturing issues and the operation wear. The sur-
face was affected also by the fire of 1944 destroy since in some specimen pieces 
of carbonate were detected as superficially melted. Nevertheless, it is possible to 
recognize wear of the spherical bodies due to relatively small rotation about the 
axle of the pin whereas the pins show both friction-wear together with some re-
mains of the manufacturing due to lathe process, Figure 9. As for friction as-
pects, the apparent uniform wear in spherical surfaces indicates an application of 
lubricants. This can be also understood from the wood body frame of the two 
specimens no. 1 and 2 in Figure 8 since the shape of the spherical frame is a lit-
tle bigger of the spherical body and in communication with a small aside space 
that could be used for storage and/or feeding of the lubricant. 

The above analysis has confirmed some of the aspects of investigations at the 
time of ship discover in (Ucelli, 1950; RIV, 1932) and has highlighted new re-
marks and considerations that can be useful for better reconstruction and man-
ufacturing understanding. 

6. Speculations on Manufacturing and Machines Using the  
Ball Bearing  

Speculations can be elaborated from the above results of investigations and 
analysis as concerning with the manufacturing and use of the discovered ball 
bearings in Figure 3 and Figure 7. As for the manufacturing, speculations can 
refer to the technology of materials and constructions of the discovered ball 
bearings. The material of the ball bearing is a typical bronze of the Roman im-
perial time with long tradition, representing high quality as coming mainly from 
metallurgy casting, (Giardino, 2010; Scott, 1991). 

The construction of the ball bearings can be speculated according to two pos-
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sibilities, namely a full fusion in one piece, and two-step manufacturing. A full 
fusion in one piece could be achieved with a final polishing through lathe works 
mainly on the axle parts, as identified in some samples in which small marks can 
be still recognized on the cylindrical surface, and a small pinch is visible on the 
top surface as for centering purpose on lathe Figure 9,. Even the spherical sur-
face could have been finished with a lathe polishing after the fusion. The one 
body structure is verified by the results of the XRF analysis that has detected no 
significant differences in the surface material among the spherical body and pin 
parts. 

The two-step manufacturing hypothesis could be considered as worked out 
with a fusion of the spherical body on a preliminarily formed axle part. This 
eventuality can be argued in some samples by looking on the connection areas 
between the spherical body and the axle cylindrical parts where material is ag-
gregated indicating such a possibility, although it can be considered much more 
complex and laborious with no particular advantages with respect to the results 
achievable with the first one technique. The full detection of this manufacturing 
process could be confirmed by a radiography investigation that is not possible at 
the moment because of security problem in the museum. However, it is re-
markable the good manufacturing that seems not be significantly affected by the 
wear of an intensive use as it can be recognized in small deformation and signs 
on the surfaces of both the spherical body and axle parts.  

The speculations for the use of the ball bearings give several possibilities of 
reconstruction. A first one can agree with the Ucelli’s proposal as for a circular 
platform with 8 ball bearings as in Figure 13(a)), that is suggested by the me-
chanical design and sizes in the small remain of the wood assembly, Figure 8, as 
reported in (Ucelli, 1950). But this hypothesis cannot fully explain the difference 
in the discovered sets of the ball bearings as reported in Table 1 and Table 2, 
and mainly it does not fit with the number of the ball bearings, as previously 
pointed out. As indicated in the analysis results, the ball bearings can be grouped 
in four sets with similar geometric tolerance that can indicate their assembly in 
different units, giving the suggestion of a modular design of those machines us-
ing the ball bearings. Still we may recognize the possibility of a circular platform, 
but something more and different can be speculated as summarized in the 
scheme in Figure 6 and Figure 13(b)) with modules to be connected for differ-
ent solutions. 

The possibility of use of the ball bearings in linear and curvilinear guides as 
reported in the scheme of Figure 14 can be recognized by thinking to religious 
purposes of the ships in which a god or even the god-emperor would have been 
celebrated in impressive ceremonies by showing heavy statues moving around as 
carried out on those guides. Actually, a use of similar ball bearings has been re-
cently discovered in archaeological remains of a tower of Neron’s imperial house 
in Rome with the speculated operation of turning the tower with statues or for a 
kind of observatory above Rome as reported in (David et al., 2013). The recon-
struction possibility reported in Figure 14 can be also considered in several con-
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figurations, namely by using parts of it and even as modular assemblies in which 
the carrier circular platform in Figure 14, replicating the model in Figure 7(a), 
can be included to provide an additional self-rotation of the carried statue load. 

 

 
(a) 

 
(b) 

Figure 13. Speculated reconstruction as circular platform: (a) Ucelli’s 
model in the Museum of Nemi; (b) Authors’ CAD model. 

 

 
(a) 

 
(b) 

Figure 14. Anew reconstruction with combined curvilinear long 
guide carrying a circular platform: (a) A scheme of full assembly; 
(b) A CAD model of modules for the modular design in (a). 
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7. Conclusion 

This paper presents the results of a renewed investigation on the remains of ball 
bearing of Roman imperial ships of first century A.D. that were discovered in 
1930s from the lake of Nemi (Roma). After a first study at the time of the dis-
cover in 1930s, the bronze-made ball bearings in the Museum of Imperial Ro-
man ships at Nemi lake were forgotten and this work brings new light on their 
significance both for the history and technique of ancient Roman machines. The 
outcomes of the reported work can be summarized in an identification of a 
high-level mechanical design with a usage with modern-like characteristics and a 
speculation of the machine in which they were used as per transportation or 
movement of high payloads. 
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