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Abstract - The elimination of the shortcomings of the existing methods of harvesting raw cotton 
by increasing the productivity of machines by increasing the row and volume of the bunker did 
not lead to significant results. The container method of raw material harvesting, widely used in 
foreign countries, allows to significantly reduce technological downtime of both harvesting and 
transport equipment and, at the same time, maintain the quality of the grown raw material. 
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Introduction 

The existing method of harvesting and transporting raw cotton does not meet the requirements 
of modern cotton production, and has a number of significant drawbacks [1]. Their elimination is 
carried out mainly by increasing the productivity of cotton pickers, which is achieved by increasing 
their rows and the volume of the bunker, as well as by compacting the cotton mass in the bunker 
[2]. 

Until now, increasing the productivity of the machine by compacting the cotton in the hopper 
was considered the most effective [3]. However, the poor flow of cotton from the bunker, the need 
for manual labor when unloading (loosening the cotton) from the bunker into the trailer body and 
a number of other shortcomings do not allow us to consider it an ideal method [4]. 

Containerization is one of the most efficient methods of transportation, allowing rational use of 
harvesting vehicles [5]. As can be seen from the special literature, in the United States a significant 
part of agricultural cargo is transported in containers. The use of containers reduces labor costs by 
up to 80%, the cost of containers by up to 50%. Specialized transport and loading and unloading 
machines have been created for container transportation [6]. 

The paper describes a set of equipment for harvesting cotton in a container way with the 
formation of large bales on the field - containers formed on interchangeable pallets, in which they 
are delivered to the cleaning point. Also noteworthy is the modular system for stacking and 
transporting cotton, which includes a set of machines and mechanisms, the use of which eliminates 
manual labor when transporting cotton [7]. The essence of the modular system is that cotton is 
unloaded from the bunker of the cotton picker into a special trailer, which delivers it to a special 
mobile riot former and unloads cotton into it by tilting the body. After compacting the cotton with 
long-stroke special hydraulic cylinders located in the upper part, the bunker is lifted by special 
hydraulic jacks, then it is removed from its original position, having previously opened the tailgate, 
and the formed cotton riot module remains in this place [8]. 
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Methods  
The whole cotton modules are delivered to the ginneries by a vehicle consisting of a tractor and a 
semi-trailer with a tilting platform [9]. 

Scientists from the Tashkent Institute of Textile and Light Industry have proposed a scheme for 
a device for transporting and storing raw cotton in containers. To implement this technology, the 
cotton picker is equipped with a frame-mesh container mounted on the forks of the lifting 
mechanism [10]. Consolidation is made by a large-mesh lattice. The use of this method increases 
the productivity of vehicles by increasing their carrying capacity and increasing labor productivity 
in loading and unloading operations at cotton harvesting stations. But the productivity of the 
harvesting equipment remains the same as with the existing technology, since in this case such 
operations as the approach of the cotton picker to the vehicle, unloading and loading containers 
and related downtime are not excluded [11]. 
The Research Institute of Agricultural Mechanization of Uzbekistan conducted research on the 
development of technology and technical means for harvesting, loading and unloading and 
transporting raw cotton in a container way. The container method of cotton harvesting and its 
transportation includes the following technological operations: harvesting - container and 
compaction of cotton - dumping filled containers onto the headland of the field - loading containers 
into vehicles - transporting containers to the cotton harvesting station (fig.1) [12].  

 
 a) 
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Figure 1: Technological scheme of harvesting and transportation of raw cotton in a container 
way.  

a) cleaning b) unloading; c) loading; d) transportation 

b) With this technology, the cotton picker must have a magazine for empty containers, seals 
for stuffing raw cotton into containers, a mechanism for replacing a filled container with 
an empty one from the magazine, and reserve tanks for storing filled containers until the 
machine enters the headland of the field [13]. 

c) In the process of harvesting, raw cotton from the harvesters enters two containers and is 
compacted in them. The container filled with cotton is moved by the replacement 
mechanism to the machine's reserve device, and at the same time another empty container 
is fed from the store instead of it, the compactor is lowered into the container, the whole 
process is repeated [14]. 

d) The reserving device for filled containers is a pallet on a supporting wheel with a sidewall 
that can be folded down by means of a hydraulic cylinder. In this reserving device, the 
filled container is placed in a horizontal position [15]. 

e) The cotton harvester, continuing to pick cotton, takes the filled container in the reserve 
tank to the headland and unloads it during the turn so that the location of the containers on 
the headland does not interfere with the operation of the harvesting vehicles [16]. 

f) Also, studies have substantiated that the most effective compaction of raw cotton in an 
elastic container of a cylindrical shape occurs with layer-by-layer compaction from top to 
bottom. In this regard, elastic containers filled with cotton in a vertical position, a scheme 
of a store and a mechanism for replacing containers has been developed, in the form of two 
push-type chain conveyors located in series, the first of which is a store for empty 
containers, and the second is necessary to transfer the filled container to a reserve tank and 
supply of an empty container for filling with cotton (Fig. 2) [17].  

g) With the rotation of the leading sprockets (kinematically interconnected and having equal 
angular speeds), the container located first in the store moves to the overload zone, where 
it is captured by the shaped links of another pair of chains and fed under filling [18]. After 
filling with the same pair of chains, the container is transferred along the guides to the 
reserve device and at the same time the next container is captured from the store and fed 
for filling [19]. 

h) The mechanism for changing containers consists of two chain conveyors of a pushing type 
located in series, one of which is a store for empty containers. The traction element is 
chains with shaped links that allow reloading containers from one conveyor to another [20]. 
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Figure 2: Scheme of the store and the mechanism for replacing containers. 1-container in the 
store; 2-leading stars; 3-guides; 4-chain circuit for moving containers into a reserve tank; 5-
container shop; 6-chain contour with shaped links; 7-container supplied for filling; 7-empty 
container; 8-filled container; 9-reserving device; 10-filled container in the reserve device 

The reliability of container reloading is largely affected by the angle φ, which can be rotated by 
the shaped link, moving the container by the trunnion along the guides. Let us determine the 
maximum angle φ. The design scheme of the device is shown in Fig. 3 [21]. 

 
Figure 3: Calculation scheme of the reloading device 

In order to simplify the diagram, the shaped link is shown on it with a straight line. The 
movement of the container along the guides occurs under the action of force F, with which the 
shaped link acts on the pin of the container [22]. At the moment of the beginning of the turn and 
with further rotation of the link, there is an additional movement of the pin of the container along 
the shaped link. Friction forces Fтр1 and Fтр2 arise at the sliding points. The movement of the 
container will stop when the projection of friction forces on the x-axis is equal to or greater than 
the horizontal component of the force F, i.e. [23]: 

 
Fx= Fтр 1 - Fтр2 sin𝜑3 =0                                        (1) 

 
The horizontal component of the force F is equal to: 

 
Fx  = F cos 𝜑3                                                           (2) 
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Friction forces: 
 

 Fтр1 = (F sin 𝜑3 +
  

) f                                         (3) 

 
Fтр2 = F f                                                                   (4) 

 
where: mk - mass of an empty container, kg; g - free fall acceleration, m/s2. 
Substituting the values (2), (3) and (4) into equation (1), we obtain 

 
           F cos𝜑3 – (F sin 𝜑 + mk g / 2) f/ - F f .sin 𝜑3 =0         (5) 

 
Or 
 

cos𝜑3 – 
   

  – 2 f sin 𝜑3  = 0                            (6) 

 
If we take into account that the force F is infinitely large to obtain the maximum angle φ3max, 

then in expression (6) the member mk gf/2F can be neglected and then we obtain: 
 

𝜑3 = arctg 𝜑 
  

                                                      (7) 

 
From expression (7), it follows that with sufficient force that the shaped link acts on the pin of 

the container, the maximum angle of rotation of the link 𝜑3max depends only on the coefficient of 
friction between the pin and the guides and shaped links [24]. 

In addition, the radius of the drive sprockets r affects the performance of this mechanism. To 
determine r, at which the movement of the container L will be more efficient, we write the ratio of 
the movement of the container to the radius of the sprocket L= L/r when the link rotates through 
some angle φ3. 

 
L = (r+h1+h2) tg 𝜑3 / r                                         (8) 

 
where: h1 - height of the protruding part of the guides, mm; h2 - container trunnion height, mm.  
From the analysis of expression (8) it follows that at constant values of h1 and h2, the relative 

displacement L is greater for the sprocket with a smaller radius. In addition, the radius of the 
sprockets r determines the center distance A and the height of the shaped links, therefore, in order 
to reduce the dimensions of the reloading device, it is also necessary to use drive sprockets with 
the minimum allowable number of teeth (smallest diameter) [25]. 
To test the operability of the circuit and determine some of its parameters, a model of a mechanism 
with an electric drive was designed and manufactured (Fig. 4) [26]. 
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 Figure 4: Container replacement mechanism model 

1-containers in the mechanism store; 2-container filled with cotton; 3-shaped links; 4-sprockets 
of the reloading device; 5-mechanism drive; 6-seal 

Experiments carried out on the model showed that the movement of the container along the 
guides is fully provided by the shaped links of the chains and the process of reloading the 
containers proceeded in the best way (without jamming and dynamic shocks, without tearing off 
the axles of the wheels mounted on the neck of the movement mechanism filled from the guides) 
when installing sprockets with the number teeth 7 [28]. 
 

Results and Discussion 
Directly on the same model, the maximum angle φ3max of rotation of the shaped link was 

determined when the container was moved by the trunnion of the ring along the guides. For this 
purpose, with the electric motor turned off, using a torque wrench, the chain of the container 
mechanism was set in motion by the nut of the drive sprocket. The rotation was carried out until 
the container trunnion was jammed between the guides and the shaped links (the torque on the 
torque wrench was 3-3,5 kgm), in this position the angle of rotation of the shaped link was 
measured [29]. 

As a result of the experiments carried out on the model of the mechanism for replacing 
containers, the angle φ3max=610-630 was determined, which allows us to assume that the movement 
of the container, which will occur at such an angle of rotation of the shaped link, is quite sufficient 
to capture the container by the shaped links of another pair of chains [30]. 

The average value of the friction coefficient was f=0,195. According to formula (8), 
φ3max=68,70 was obtained, which is very close to the value of the angle obtained in experiments 
[31]. 

On the frame of a serial cotton picker, on special brackets, hinges and braces, container 
replacement mechanisms are fixed, each consisting of guides and two pairs of chain circuits with 
shaped links. The number of containers in the cotton picker magazines is 16 [32]. 
The raw cotton collected from the bushes by the harvesting machines of the machine enters two 
containers through a pneumatic transport system that separates part of the air flow, where it is 
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filled and sealed with special seals. After filling one of the containers with cotton, the hydraulic 
cylinder is turned on and the filled container is moved to the reserve device of the machine (Fig. 
5) [33]. 

 
Figure 5: Mechanism for changing containers on a cotton picker. 1 - hydraulic cylinder; 2 – 

store of empty containers; 3 - container in the store; 4 – container ring; 5 - gear rack; 6 - 
guides; 7 - drive chains 

At the same time, an empty container is taken from the store, which is installed for filling, and 
the whole process is repeated without stopping the technological process of the machine in the 
rows of cotton.  
 
Conclusions 

The optimal time (8-9 s.) needed to replace a filled container with an empty one was determined 
from the conditions of reliable and smooth operation of the replacement mechanism. With 
decreasing time, i.e. increasing the speed of moving the container to the reserve device, the 
mechanism worked with strong dynamic shocks when the shaped links captured empty containers 
from the store, and increasing the time is inappropriate, because. when the entire cotton-air mixture 
is directed to one of the containers, the speed of the air flow also increases, which can at some 
point lead to blowing the raw cotton out of the container. 

Laboratory and field tests of the container replacement mechanism in the general technological 
process of machine harvesting of raw cotton were carried out on a mock-up sample of a cotton 
harvester. 
Certain operational and technological indicators of a cotton harvester for collecting into containers, 
equipped with a mechanism for replacing them, served as the initial data for the economic 
evaluation of the machine. 
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