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Abstract. Numberless mechanical applications require articulated roller chains for the motion transmission. As
known, the articulated roller chains consist of couplings among internal and external links and the only possible
movement is the reciprocal rotations among the turning couples in the plane of the chain. An articulated joint has
been set up that makes also possible folding of articulated roller chains in planes different from the operative
ones. Practically, this articulated joint is given by the replacement of two stretches of consecutive links,
positioned symmetrically on opposite sides, with chains formed by closed rings. Therefore, the continuity on
each stretch is given by the connection of the ends of two ordinary chains to the loose links of the articulated
chain. The articulated joint has been patented in Italy. We have mounted an articulated roller chain fitted with
the set up articulated joint inside a labour-aid machine for harvesting of tobacco leaves,in which the aforesaid
device makes it possible the reduction of the size of the machine itself during the road transfers. We have tested
the performance of this machine during tobacco leave harvesting in an Italian farm cultivating Virginia Bright
tobacco.

Keywords: transmission efficiency, contact mechanics, articulated roller transmission, articulated joint, tobacco
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Introduction

Articulated chains are used for the motion transmission inside numerous mechanical applications
and the most common is certainly the roller articulated chain [1-3]. These chains are employed
because of their high power transmission efficiency, which is regularly greater than 95 % [4-7]. The
articulated roller chain consists of a train of external and internal links arranged alternately; the
external link consists of an external lateral plate with two solid pins and a second plate to be applied to
the free ends of the two pins [8]. The internal link is made up of an internal lateral plate with two
bushes, on which two rollers rotate freely, and a second internal plate (Fig.1). The couplings between
the internal and external links are of the turning type and the only movement allowed is reciprocal
rotation in the plane of the chain (in the following operating plan) [9].
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Fig. 1. Main components of an articulated roller chain

A low cost articulated joint that allows folding of this type of articulated roller chains in planes
different from the operative one has been developed. This articulated joint can be employed in any
articulated roller transmission and its main characteristics are reported in the present paper. As an
example,the set up articulated joint was mounted on a labour-aid machine for harvesting of tobacco
leaves, so as to allow the reduction of the size of the machine during road transfers. As known, for
Virginia Bright tobacco more than 50 % of manpower hours are still required by the leaf harvest and
care phase [10-12]. The integral mechanization of the harvesting phase, with specific harvesting
machines currently practiced in the United States, is still partly employed in Italy [13-15]. The
operations of harvesting tobacco leaves, if carried out by hand, require a strong labour effort with very
significant costs and then in the sector you resort to mechanized solutions, especially through specially
equipped labour-aid machines [16; 17].
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Materials and methods
The set up articulate joint

As known, the transmission of motion between two toothed wheels through an articulated roller
chain takes place by coupling the teeth of the wheels with the openings of the chain links. The number

of teeth z and the primitive radius R of the wheel (the radius along which the centers of the pins of the
chain are located) are linked to the pitch p of the chain by the relation [1; 3]:

p:2Rsin§. (1)

Furthermore, if the articulated chain transmits motion between two toothed wheels (R, z;, R», 22),
having angular speeds respectively @ and @, the average transmission ratio 7, is:
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Where @ is the angular velocity of the driving toothed wheel and the total length L of the chain,
indicating with i the distance between the axles of the two wheels can be obtained from the following
rough relationship [4; 18]:
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According to the aforesaid structural conformation, this type of articulated chains can undergo
foldings due to mutual rotations of the links only in the operating plane; whereas it is not possible to
bend or flex the links in planes other than this one.

The set up articulate joint is made by replacing, in an articulated chain of length L, two stretches
of links having the same sizeL,, positioned symmetrically on opposite sides, with chains formed by
closed rings (ordinary chains), keepingthe initial length L (Figure 2).
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Fig. 2. Articulated chain with the stretches on opposite sides
replaced by chains with closed rings

Each of the two aforesaid stretches is formed by a number n of links corresponding to an equal
number of teeth z,, on the wheels, which will be unmated during the passage of the stretch missing
from links. In these conditions, the continuity of the transmission is ensured by the coupling of the
teeth with the openings of the links adjacent to the missing ones; in this regard, indicating with z,the
number of these “active” teeth, the following empirical formula could be useful:

z,>2-z, 4)

This technical solution was created by the Pulcinelli Giovan Battista & C Ltd Manufacturer,
located in Anghiari (Arezzo province, Italy) and has been patented in Italy. It is a joint device that
allows folding of an articulated roller chain in planes different from that of operation (Figure 3). A
joint device of this type is useful, if it is needed to reduce the size of the transmission itself, in case it
is not working [19; 20].

Tobacco leave harvester fitted with the articulated joint

A type of machine frequently used in Italy for harvesting of Bright tobacco leaves essentially
consists of a conveyor belt supported by a reticulated beam hinged at one end to a support frame,
mounted behind the tractor. The conveyor belt consists of an articulated roller transmission chain,
which links two toothed wheels having vertical axis. The driving gear wheel is mounted close to the
support frame, whereas the other idler is placed at the other end of the mobile arm [21; 22]. The
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aforesaid chain supports the hooks, on which the tobacco leaves collected in the field are hanging [23-
25]. During the harvesting, the conveyor belt is arranged horizontally and transversely to the direction
of advance of the tractor, a short distance from the apical leaf area of the vegetation [26; 27]. The
tractor proceeds laterally outside the tobacco field and the operators collect the leaves and hang them
on the hooks of the conveyor belt, so as to take them out of the field for the subsequent processing
phases (Figure 4).

Fig. 3. Articulated chain fitted with folded stretches in a plane different from the operation one

Fig. 4. Conveyor belt during harvesting of Bright tobacco leaves

In order to carry out road transfers, it is necessary to reduce the transversal dimensions of the
machine, so to comply with the sizes provided for by the highway code. This reduction in size is very
difficult due to the rigidity of the articulated chain, which does not allow for flexing of the links.

Results and discussion
The set up articulate joint

Figure 5 shows the articulated roller chain on which 5 consecutive links have been removed, in
symmetrical positions with respect to the axis joining the centres of the wheels. The continuity on each
stretch is obtained by connecting the ends of two ordinary chains to the loose links of the articulated
chain. The two ring chains are connected, by means of pins, on the external sides of the disconnected
links, so as to form a space compatible with the thickness of the wheels: this causes the teeth
corresponding to the missing articulated chain section to fit between the two strips of ordinary chain,
without hindering the motion of the wheels (Figure 6). The stretches of close ring chains allow, with
the transmission stopped, to fold the articulated chain, so that a part of it can be overturned in a plane
different from that of operation.
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Fig. 5. Two ring chains linkedcomplying with the thickness of the wheel

Tobacco leave harvester fitted with the articulated joint

The black tobacco leave harvester, manufactured by Pulcinelli G.B. & C Ltd, consists of a boxed
steel support frame, which is linked to the rear 3 point attachment of a wheeled agricultural tractor
(“fully mounted coupling”) (Figure 6). The end of a steel truss beam, able to rotate in the horizontally
plane, is anchored to the support frame by means of a hinge; whereas the other end is hinged, in turn,
to the second beam, having the same mechanical and structural characteristics as the first. A
hydraulically operated mechanism allows the two beams: 1) to be positioned horizontally on each
other as an extension of a single movable arm; 2) to fold over each other.

Fig. 6. Black tobacco leave harvester, manufactured by Pulcinelli G.B.& C Ltd:
1 — beams positioned as a single movable arm; 2 — beams folded over each otherr

Figure 7a and Figure 7b show the labour-aid tobacco leave harvester fitted with the articulated
joint mounted on a wheeled tractor. In particular, Figure 7a reports the tractor-and-implement arranged
for the road transport, whereas the beams folded over each other can be seen in Figure 7b.

Fig. 7. Tobacco leave harvester
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The hinge for the arm folding is shown in Figures 7c and 7d. In detail, the chains with the closed
rings is highlighted in Fig. 7d. This aggregate tractor-and-implement is currently used in a farm
located in the surroundings of Citta di Castello (Perugia province, Italy) in Virginia Bright tobacco
cultivation. The performance of the machine is always very good and the articulated chain with the
stretches replaced by chains with closed rings always works correctly and has never required
maintenance.

Conclusions

An articulated joint has been created that can be mounted in articulated roller chains, making it
possible for folding in planes different from the operative one.The good performance of the labour-aid
machine for harvesting of tobacco leaves, in which thearticulated roller chains are fitted with the set
up articulated joint, highlighted proper behavior of the aforesaid device. The articulated joint has been
patented and can be used for articulated roller chains.
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