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Abstract. The article reports that to improve the functional characteristics 

of the friction drive of vertical spindles, it was proposed to replace its 

conventional V-belts with poly-V-belts. Therefore, rollers with changed 

parameters are installed on the spindles while maintaining the magnitude 

of the rolling radius of serial rollers.  

To determine the functionality of the new drive, a stand with a single 

spindle drum was created, which allows you to determine all the 

performance indicators of the polyline drive. The main research task on 

this stand was to determine the possibility of creating a traction (friction) 

force of the drive that always exceeds the resistance force of a cotton bush 

clamped in a narrow working slot of the harvesting apparatus. To assess 

the functionality of a new version of the friction drive, a comparison 

technique was used when, in the beginning, the friction (thrust) force of a 

serial roller with a V-belt drive was measured, and then, on the stand-pull 

force of the drive with a poly-V-belt. A special device was made to 

measure the pulling force of the belts. 

1 Introduction 
It is known that the completeness of the cotton harvest of a vertical-spindle machine is 

inferior to that of a horizontal-spindle machine. There are many reasons; however, in our 

opinion, the main reason is the shortcomings of the friction drive of the vertical spindle 

compared to the “hard” drive of the horizontal spindle. In the working chamber of the 

harvesting machine, the spindle must capture the fibers, remove them from the sash of the 

box, and wind to melt on ourselves. To do this, first of all, the spindle tooth must have an 

absolute speed of the sufficient speed and, most importantly, be directed within limited 

boundaries [1]. The direction of the absolute speed of the tooth depends on the vector sum 

of the working speed of the machine moving ��� through the field, on the circumferential 

velocity of ��� the drum in the centers of the spindles, as well as the circumferential velocity 

of the spindle itself ���. The speed ��� of the machine in the field is constant, and ��� the size 

is also constant, but changes direction depending on the location of the spindle on the drum. 

The circumferential velocity ��� of the tooth relative to the axis of rotation of the spindle is 

also constant in magnitude, but changes direction when the place of the tooth changes [2, 

3]. 
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The value of the angular speed of the spindle mainly depends on the quality of its belt 

drive. Due to fatigue of the springs that stretch the belts of the drive, the tension of 

individual belts is weakened, which reduces the pressure of the belts on the rollers, hence 

the friction force of the roller with the belts. Therefore, with a large resistance of the bush, 

cotton, the angular velocity of the spindle decreases, which reduces ���. Geometric with the 

ummah of velocities ���, ���, and ���, i.e., the absolute speed of the ��� tooth constantly 

changes its size and direction. The spindle tooth works as a dihedral wedge, so it can be 

embedded into the inter fibre space of cotton if the direction ��� is close to the bisector of 

the angle of the tooth in a small angle of angle � [4], [5]. Often ��� it is directed outside the 

corner�. In such situations, the tooth cannot penetrate into the cotton. In addition, the tooth

can trap the fibers of the cotton clod, if it is embedded in it deep enough to capture a 

sufficient number of fibers. Therefore, the value ��� also affects the cotton harvest. It 

follows from the foregoing that the main reason for the decrease in the completeness of the 

collection should be considered a violation of the normal functioning of the spindle drive 

[6–8].

fig.1 shows the scheme of friction drive of vertical spindles. The rotating drum 1 carries 

the spindles 2 first to the working area of the harvester, where the cotton bush is strongly 

clamped. The rollers of the spindles, rolling over the external fixed V-belts 3, receive 

rotational motion with an angular velocity 	
, the value of which predetermines the nature 

of ���. To ensure the required direction ���, it is necessary to provide the calculated 	
, for 

which it is necessary to press the rollers against the belts with sufficient pressure, which

depends on the belt tension force created by the springs 4.

Our research has shown that the manufacturer does not sufficiently control the quality 

of the installation of the friction drive -the tension of the belts is insufficient and uneven, 

which is why the friction force of the roller with the belts, i.e., the traction force of the drive 

is insufficient and unstable. Therefore, with an increase in the resistance forces of the 

cotton bush, the spindle slows down its rotation, and the cotton harvest deteriorates sharply.

Therefore, to ensure the required traction force of the drive, we proposed to replace 

conventional V-belts with poly-V-belts, which knead one common traction base. They are 

more flexible, so they wrap around the rollers at a large angle. All this increases the traction 

ability of the drive. Naturally, replacing the belts required a change in the design of the 

rollers to provide a device that ensures that the rollers hit the beginning of the belts at the 

minimum angular velocity of the spindle when it was reversed. 

2 Research methods in the working area of the device
A stand with one spindle drum was made (fig. 2). With its help, the functionality of the 

improved friction drive was evaluated. The main, main task was to determine the pulling 

capacity of the drive because it was assumed that the drive, first of all, must constantly 

provide sufficient tractive force, and secondly, the necessary angular speed of the spindle in 

the working area. This article highlights the results of assessing the traction method of the 

recommended drive. 

The serial drive of the spindles of the vertical-spindle cotton harvester consists of 

ordinary V-belts (fig. 1). In the working area of the apparatus, the fixed belts cover the 

spindle rollers from the outside, so they rotate in the direction of the teeth to capture and 

extract cotton from the flaps of the cotton bush. The rotating drum carries the spindle with 

wound cotton to the removal area, where fixed straps cover the rollers from the inside, 

causing the spindles to reverse and rotate against the direction of the teeth, which facilitates 

the removal of the cotton wound on them.
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The angular velocity of the spindle in the working area should provide the best direction of 

the absolute speed of the tooth when it can penetrate into the space between the fibers in the 

box flap to capture them and remove them from the leaf. 

Fig 1. Scheme of the spindle drive mechanism: 1is spindle drum; 2 is spindles; 3 is external wedge 

belts in the assembly area; 4 is tension spring; 5 is internal belts in the area of cotton removal from the 

spindles.

The working slit between the adjacent drums of one row is installed no more than 36 

mm, which is why the bushes here are crimped tightly with a spindle. Therefore, the 

resistance �� of the bush to the rotation of the spindle increases. Suppose the traction force 

Т of the belts is less than some threshold. In that case, the angular velocity of the spindle 

decreases, and the direction of the absolute speed of the tooth changes, which is why the 

spindle tooth will not be able to capture the fibers, it will be impossible to collect cotton. To 

ensure  > �� that 3 belts are installed on the serial drive so that the sum of their friction 

forces with the rollers ensures the required power disparity. The frictional force depends on 

the belt's pressure on the roller, which in turn depends on its tension. The tension of each 

belt is provided by a separate spring of tension 4 (fig.1). Often, the characteristics of these 

springs change over time; the belts are pressed against the roller differently, and the sum of 

their friction forces with the rollers is often less than the value the resistance force of the 

spindle bush is why the cotton harvest is sharply reduced. 

To improve this friction drive's functioning, we proposed replacing conventional V-

belts with poly-V-belts. 

Poly-V belts have one common traction base, so their wedges will be pressed against 

the roller with the same pressure. They are more flexible, so it is allowed to use them to 

rotate pulleys of small diameters, such as spindle rollers.

Naturally, for the use of multi-ribbed belts, the design of the spindle roller was changed, 

and an additional stabilizer was installed, which slows down the spindle roller before it is 

reversed on the external and internal belts so that the roller runs into small belt wedges at a 
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minimum speed, which will facilitate the orientation of the roller edges along the belt 

wedges.

For laboratory studies of this drive's kinematic and dynamic indicators, a stand with one 

spindle drum was manufactured (fig. 2). This design facilitates the inspection, adjustment, 

and control of all elements of the stand. 

Fig 2. General view of the laboratory stand: 1 is frame; 2 is spindle drum; 3 is spindle; 4 is prototype 

roller; 5 is poly-V belt; 6 is electric motor.

Spindles with rollers are installed on the drum of the stand, the design of which is 

adapted for rolling along the profile of poly-V-belts (fig. 3). 

Fig 3. Design of rollers for rolling over poly-V-belts: 1 is coil skeleton; 2 is faces; 3 is rebhorde; 4 is 

wedge belt; 5 is base belt; 6 is shank

Figure 4 shows a diagram of attaching the poly-V-belt to the hooks, which, like the 

existing method, easily hook to the drum frame. 
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Fig. 4. Fastening of metal hooks to the poly-V-belt.

Figure 5 shows the scheme of fastening the springs of stretching the poly-V-belt. To 

maintain the stability of the belt in the vertical plane, two springs from the serial apparatus 

are installed. The plate for attaching the springs to the frame is also attached using 2 screws 

that allow you to change the belt's tension to the desired value. The working length of the 

belt is the same as on the serial device. 

Fig. 5. Scheme of fastening springs to the poly-wedge belt.

At the beginning of the experiments on the drums of the serial apparatus, the tension 

force of all V-belts separately on all drive sets was measured using a dynamometer. To do 

this, the working length of each spring stretching the belts separately was measured. Then 

the springs were removed and stretched to this working length by a dynamometer. The 

dynamometer reading was taken as the tension force of the belt in the working position. On 

the serial apparatus, the friction force was also measured. A standard spindle roller with a 

set of V-belts. For this purpose, a simple device was made (fig. 6). As already noted, 

rotating the drum manually, the spindle is brought to the narrowest part of the working area 

of the apparatus, then the free end of the shell and 2 spindles are raised, and lever 5 is 

attached to the released rod with a clamp 3. E allows you to open the lower end of the 

spindle rod, where the lever 5 is then converted.

To the outer end of the lever is attached a non-stretchable cable 6 with a dynamometer 

7. The cable with the dynamometer is pulled in the direction when the tensioned cable is 

perpendicular to the lever.  Pulling the cable without jerks fix the dynamometer readings at 

the time the spindle begins to turn. Then, turning the drum, the other spindles are brought to 

the same position and the Р�
 rest friction force of the belt rollers is measured. The 

arithmetic mean value Р�
 is calculated, as well as their squared average deviation. These 

measurements are taken in the same position. It was found on a serial cotton harvester with

a serial friction drive of spindles.

The poly-V-belt should provide the same resting friction force Р�
 of serial rollers. On a

bench with a poly-V-belt, the m is measured Р�
 for varying degrees of tension. The tension 

when Р�
 force equal to that obtained on serial V-belts is provided is taken as the optimal 

tension of the poly-V-belts.
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Fig. 6. Scheme of the device for measuring the friction force of the spindle roller with a set of V-

belts:1 is compound spindle; 2 is sheath spindle; 3 is clamp that serves as a support for the raised 

spindle shell; 4 is lower disc of drum; 5 is rychag; 6 is cable to the dynamometer; 7 is dynamometer. 

Thus, the tension force of the V-ribbed belt is found when the same friction force of the 

rollers with the belts is provided as on serial belts. This will suggest that the cotton picking 

conditions will be maintained as with a serial drive. 

Laboratory studies have shown that to create a serial force, Р
 poly-V belts should be 

pulled with less force than serial belts, which is a positive result. With a small tension force 

of the belt, the pressure on the upper bearing of the spindle will decrease. This result 

suggests that, firstly, the service life of the upper bearings will increase, and secondly, the 

power consumption when the drum rotates will also decrease. Drops. To test this 

assumption, the amperage consumed by the electric motor on the stand (fig. 2) during 

rotation and the experimental spindle drum was measured, as well as the strength of the 

current during rotation and one drum with a serial friction drive. And the poly-V-actuator 

consumed 18-20% less. Of course, in the future, more detailed studies of power 

consumption on poly-V belts will be carried out.
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3 Results
To evaluate the multi-V drive of the spindles, first of all, it was necessary to determine 

whether it was provided and whether it was the required traction force of the drive. The 

value of the pull force of the poly-V belt is the main argument for its suitability in the first 

case and not the magnitude of the angular velocity of the spindle. Because by changing the 

rolling radius of the roller along the belts, it is possible to achieve the necessary angular 

velocity of the spindle in the working area of the device.

We believe that a workable serial drive as a whole must create the traction force 

required to overcome the resistance forces of the elements of the cotton bush. We believe 

that vertical-spindle cotton harvesters in vast fields of farms work satisfactorily; therefore, 

the traction force of the serial drive is generally sufficient to ensure the technological 

process of the apparatus. On this basis, we took the traction force of the serial drive with V-

belts as standard, which poly-V belts should also provide. 

On a workable harvester, the pulling force of Т� the serial V-belts was measured in 

static on all 12 rollers of the spindles, one drum as close as possible to the bush of cotton, 

crimped in the working area of the apparatus. To do this, manually rotating the drum, the 

spindle was brought to the position most embedded in the bush. The spindle position is 

taken as the maximum introduced into the cotton bush when the next spindle rotates the 

drum to the place closest to the opposite drum. It is known that to facilitate service work, 

the external drums open at 40°, relatively internal ones. When measuring and Т� using the

call, it is possible to facilitate access to the measurement objects. Т� measurements were 

carried out using a device with a dynamometer, described in the research methodology 

section. Availability for measurements Т� between the front pair of drums favorable, so 

they measured only 24 (12 on the left and right drums) spindles, keeping the serial belts in 

their place. Arithmetic mean value Т� = 43.85  �, standard deviation � = 5.5  �, and 

coefficient of variation К� = 12.6  % 

Then, the pulling force of the poly-V belts on the stand was studied. First, the tension of 

the two cylindrical springs was selected so that the tension of the poly-V-belt was the same 

force as on the serial belts. On the stand, it is possible to change the tension forces of the 

belt springs. Therefore, by installing a poly-V-belt belt of the same size, which corresponds 

to the tension of serial belts  tension Р�With the resulting force, Р� the pulling force of the 

poly-V belt on the spindle roller in Т� its maximum embedded and in the working area was 

measured.

There are only 12 spindles on a single drum stand. Therefore, for one tension of the 

springs, Т ��  … Т��� were measured in turn, and the arithmetic mean Т���� and the standard 

deviation σ were calculated. The sum of the tension forces of the three springs on the serial 

drive was 131.4 N, and the sum of the tension of the two springs on the poly-V-belt was 

129.2 N.

By installing the spindle in the same position as in previous experiments, the pulling 

force of the belt on its roller was measured. Spindle and alternately installed as in Fig.7.

under No. 1, 2, 3, 4, 5. The measurement results are given in table 1. In the position No. 3 

(fig. 7), it was considered that one hundred spindles were maximally embedded in the bush. 
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Table 1. Change in the traction force of the belts on the rollers of the spindles located on the outer 

belts, N.

Conventional spindle numbers on external serial belts

№ 1 2 3 4 5
1 31.86 51.92 38.94 37.76 35.4

2 41.3 46.02 38.94 37.76 36.58

3 51.92 60.18 53.1 48.38 35.4

4 51.92 57.82 50.74 38.94 35.4

5 54.28 41.3 49.56 42.48 37.76

6 43.66 50.74 42.48 47.2 36.58

7 33.04 42.48 41.3 34.22 33.04

8 31.86 50.74 38.94 35.4 31.86

9 46.02 44.84 41.3 37.76 31.86

10 38.94 55.46 37.76 35.4 29.5

11 54.28 51.92 50.74 30.68 38.94

12 41.3 51.92 42.48 41.3 41.3

�� 43.36 50.44 43.85 38.94 35.30
� 8.481 5.870 5.553 5.180 3.316
� 19.55 11.63 12.66 13.30 9.395

Continuation table 1 

№ Conditional spindle numbers on external poly-V-belts

1 1 2 3 4 5
2 54.28 83.78 75.52 66.08 63.72

3 73.16 82.6 80.24 76.7 68.44

4 71.98 84.96 82.6 69.62 63.72

5 73.16 90.86 81.42 76.7 63.72

6 64.9 93.22 87.32 80.24 68.44

7 66.08 86.14 76.7 74.34 73.16

8 53.1 84.96 82.6 73.16 70.8

9 55.46 79.06 68.44 67.26 60.18

10 70.8 102.66 97.94 92.04 73.16

11 48.38 82.6 80.24 67.26 60.18

12 46.02 70.8 75.52 74.34 67.26

�� 53.1 80.24 67.26 67.26 71.98

� 60.86 85.156 79.65 73.75 67.063

� 10.16 7.9050 8.1830 7.3690 4.7155
16.70 9.2829 10.273 9.9919 7.0314

For the clarity of the comparison of the traction forces of serial V-belts and poly-V-

belts, a diagram of the traction forces is constructed, which is shown in fig. 7. It turned out 

that the maximum value Т� of the traction force is observed in place of the spindle N2, 

although the belt tension on roller N1 is greater than on N2. But apparently, the geometric

pa the position of the roller N1 gives less belt pressure than on the roller 2. Further, the 
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pulling force on rollers N3,4 and 5 decreases, corresponding to a decrease in the tension of 

the belt sections between the rollers 2-3, 3-4, 4-5. But this situation does not affect the 

cotton harvest because, in position N1, the spindle does not meet and does not contact the 

bush. In general, the pulling force of the polyline a belt with 5-10 wedges throughout is 

always greater than the same indicator of a serial drive, which is the same as. 

Fig 7. Comparative diagram of the friction forces of spindle rollers for serial and poly-V-belts
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The pulling force of a poly-V belt mounted on a pad of rotation was evaluated. In 

general, the drive of the spindles from the poly-V belt for the area with cotton from the 

spindles is recognized as workable. 

4 Conclusions 
The experience of long-term economical operation of vertical-spindle cotton pickers shows 

that the value of the thrust of the friction drive belts of vertical spindles is sufficient to 

ensure satisfactory completion of cotton picking; however, it is not stable enough. Often, 

the friction force of the spindle roller on the fixed three V-belts is less than the resistance of 

the bush, which is why the required angular speed of the spindle is not provided, and the 

completeness of the collection worsens. 

Suppose the serial drive belts of the spindles are replaced with poly-V-belts, of course, 

by changing the geometric parameters of the roller. In that case, an increase in the traction 

force of the drive is noted relative to the performance of the serial drive.

Replacing conventional V-belts with poly-V belts in the friction drive on spindles 

reduces the power consumption of one drum by 18-20%.

Experiments on the bench showed that even when installing five wedges, i.e., a small 

V-ribbed belt at the same tension as serial belts, traction force increased by 30% or more 

along the entire length of the outer belts is provided. This result indicates that the stability 

of the angular velocity of the spindle under load in the working area of the harvester will be 

ensured. This will certainly lead to the stability of the completeness of the cotton harvest by 

vertical-spindle machines.
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