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Abstract: The packing cotton picker has become the mainstream cotton-picking equipment due to its 

advantages of integrated picking and packing and non-stop unloading. Precision packing is an 

inevitable development trend, and accurate detection of the cotton bale's dimension during the 

packing process is the first step toward achieving this. Therefore, this paper proposes a geometry-

based method to determine the dimension of cotton bale in packing cotton picker. By establishing a 

mathematical model of the packing process, the relationship between the rotation angle of the rocker 

arm component and the cotton bale dimension is derived. The reliability and rationality of this 

method are preliminarily verified through a calculation example. Since the program fails when the 

rotation angle of the rocker arm component exceeds 55°, the elastic deformation of the packing belt 

is incorporated for theoretical correction. Finally, the method's accuracy is further validated through 

field tests, where the absolute error in cotton bale diameter detection is controlled within 50 mm, and 

the relative error is kept within 2%. This paper lays the foundation for the packing cotton picker to 

achieve precision packing. 

Keywords: packing cotton picker; dimension of cotton bale; geometry-based; seed cotton; precise 

packing 

 

1. Introduction 

Cotton, a crucial cash crop, plays a significant role in China’s economy and the livelihoods of its 

people [1–3]. China, along with India and the United States, dominates the global cotton market. 

According to the statistics, China’s total cotton production in 2023 reached 5.618 million tons, ranking 

first in the world. With the rapid development of the cotton industry and continuous advancements 

in mechanization, cotton picker has emerged and undergone constant improvements. Among these, 

packing cotton picker has become the mainstream cotton-picking equipment in China due to their 

advantages of integrated and packing capabilities, as well as non-stop unloading [4,5]. 

Precision packing is an inevitable development trend, by analogy from other agricultural 

machinery, such as precision seeding [6,7], precision irrigation [8,9], precision fertilization [10], 

precision pesticide application [11], etc. Accurate detection of the cotton bale's dimension during the 

packing process is the first step toward achieving this. 

The dimension of a cotton bale, primarily referring to its diameter, is a critical parameter in the 

packing process of packing cotton picker, as it determines whether the packing is successfully 

completed. Leading domestic and international packing cotton picker manufacturers currently use 

angle sensor detection signal values, which are converted into the cotton bale diameter, to measure 

the bale's dimension [12–15]. However, these methods merely establish a direct correlation between 

the angle sensor signal and the cotton bale dimension without accounting for the deviation caused 

by changes in packing belt length under varying cotton bale densities. As a result, the accuracy of 

cotton bale dimension detection is compromised. Besides these, there are few related reports. 
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This study aimed to propose a precise geometry-based method for determining the dimension 

of cotton bale in packing cotton picker, improving measurement accuracy to ensure the production 

of more uniform cotton bales. 

2. Materials and Methods 

2.1. Establishment of Mathmatical Model of Packing Process 

The packing device of the packing cotton picker serves as the actuator for cotton bale rolling and 

molding. The packing device primarily consists of the cotton conveyor belt assembly, drive roller, 

tensioning roller, rocker arm component, rocker arm roller, and packing belt (Figure 1). The seed 

cotton, collected at the front of the packing cotton picker, is transported to the rear of the machine 

and enters the cavity formed by the packing belt through the cotton conveyor belt components. 

Driven by the drive roller, the packing belt circulates, continuously rolling and compressing the seed 

cotton within the cavity, ultimately forming a compact cotton bale with a specific density and 

diameter. 

 

1. Ground roller 2. No. 1 driving roller 3. Cotton conveyor belt components 4. No. 1 tension roller 5. Narrow 

packing belt 6. No. 2 tension roller 7. Wide packing belt 8. Rocker arm component 9. No. 2 driving roller 10. No. 

3 tension roller 11. No. 4 tension roller 12. No. 5 tension roller 13. No. 6 tension roller 14. No. 7 tension roller 15. 

No. 8 tension roller 16. Rocker arm roller 

Figure 1. Structure diagram of packing device. 

Because seed cotton is a viscoelastic material and the packing belt is elastic, the interaction 

during the packing process is complex, necessitating simplification. Before establishing the 

mathematical model of the packaging device, the following assumptions are necessary: 

1. Cylindrical Shape with Uniform Mass Distribution: The cotton bale is assumed to have a 

cylindrical shape with uniform mass distribution. Throughout the packing process, as seed 

cotton is continuously fed, the rotating cotton bale becomes progressively filled and rounded, 

achieving a consistent compaction density. This continuous rolling ensures uniformity across 

all parts, effectively treating the cotton bale as a cylindrical object with uniform mass 

distribution. 
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2. Ignoring Elastic Deformation of the Packing Belt: The packing belt's elastic properties cause 

its tension to increase with the weight of the cotton bale, resulting in slight changes in belt 

length. However, these length variations are minimal within a certain operational range, 

exerting negligible influence on the analysis and calculation of the cotton bale's dimensions. 

Therefore, for the purposes of this analysis, the elastic deformation of the packing belt can be 

disregarded. 

Based on the above assumptions, the analysis is conducted under the condition that the total 

length of the packing belt remains constant throughout the packing process, and the continuous seed 

cotton feeding process is discretized. A plane coordinate system is established with the rotation center 

of the rocker arm component as the origin. Since the length of the packing belt wrapped around the 

rollers fixed at each axis does not change, the calculation is simplified by only considering the length 

variation of the packing belt between the moving shaft rollers. As shown in Figure 1, the packing belt 

alternates between wide and narrow segments. Calculating the lengths of these two segments 

separately would complicate the process. However, because the winding patterns of the two belts 

differ only at the No. 1 and No. 2 tension rollers—segments where the belt length remains 

unchanged—the No. 2 tension roller can be omitted for simplification. The initial-state mathematical 

model of the packing device (Figure 2), which line with red color is the variable segment packing belt 

involved in the calculation. 

 

Note: O is the rotation center of rocker arm component; A1 and A2 are two driving rollers, fixed axis rotation, the 

radius are respectively and , and the coordinates and represent the rotation 

center coordinates of the two driving rollers respectively; B1 to B7 are seven tension rollers, fixed axis rotation, 

the radius are , and the coordinates  represent the rotation center coordinates of the seven 

tension rollers respectively, j taking 1 to 7 ; C1 to C4 are four rocker ram rollers, fixed axis rotation while swinging 

with the rocker arm component, the radius are , the coordinates  represent the rotation 

center coordinates of the four rocker ram rollers respectively, and the distances between the rotation center of 

C1 to C4 and the rotation center of rocker arm component are ,and the angles between the rotation 

center of C1 to C4 and the x-axis are , i taking 1 to 4; D is ground roller, fixed axis rotation, the radius is , 

and the coordinate  represent the rotation center coordinates of the ground roller; E1 to E18 represent 

the contact tangent point between the packing belt and each roller. 

Figure 2. The initial state mathematical model of packing device. 

1Ar 2Ar ( )1 1 1A ,A Ax y ( )2 2 2A ,A Ax y

Bjr ( )jB ,Bj Bjx y

Cir ( )iC cos , sini i i il l 

i iOC l=

i Dr

( )D ,D Dx y
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In the initial state, the total length of the variable segment packing belt L can be expressed as (

indicating the arc length): 

 (1) 

During the operation of the packing device, the process is divided into two stages based on the 

dimension and positional relationship of the cotton bale. In the first stage, the diameter of the cotton 

bale is small. At this point, the cotton bale is only tangent to the roller D, and small sections of packing 

belts appear on both the left and right sides. When the rocker ram component turns angle 

counterclockwise, the first-stage mathematical model of the packing device (Figure 3) identifies the 

tangent contact points of the cotton bale and packing belt as N, P, Q, and S, respectively. The tangent 

contact point between the cotton bale and roller D is denoted as F. The center coordinates of the rollers 

C1 to C4 can be expressed as , and the contact tangent points and arc 

lengths of the packing belt at each roller can be determined using geometric relationships.  

 

Figure 3. The first stage mathematical model of packing process. 

At this stage, the total length of the variable segment packing belt  at this time can be further 

expressed (  indicating changes in coordinate positions): 

 (2) 

In the eq. (2), the coordinates of tangent points , , , and  are not changed, 

which are known quantities ; the the coordinates of tangent points , , , , , 

, , ,  and  can be easily obtained when the rocker arm component rotation angle is 

known, and can also be regarded as known quantities. However, the coordinates of the center of the 

cotton bale , the radius of the cotton bale , and the coordinates of tangent point

, , , , , , , ,

 cannot be directly solved. There are 21 unknowns, and 21 equations need to be 

x̂
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L = + + + + + + +

+ + + + + + +



( )iC cos( , sin( ))' i i i il l   + +

L

x

' ' ' ' ' ' ' ' ' ' ' ' ' '
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' ' ' ' ' ' ' ' ' ' ' '
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2E 3E 6E 9E
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13E ' 14E ' 15E ' 17E '

( )T ,T Tx y R ( )P ,P Px y

( )Q ,Q Qx y ( )N ,N Nx y ( )S ,S Sx y ( )F ,F Fx y ( )1 1' 1'E ' ,E Ex y ( )10 10' 10'E ' ,E Ex y ( )'16 16' 16E ' ,E Ex y

( )18 18' 18'E ' ,E Ex y
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solved simultaneously. By analyzing the geometric relationship between the rollers, the cotton bale 

and the packing belt, the following formula can be obtained: 

 

(3) 

By combining eq. (1), eq. (2) and eq. (3), the coordinates of the center of the cotton bale 

, the radius of the cotton bale , and the coordinates of tangent point ,

, , , , , , ,

can be solved. Therefore, the relationship between the dimension of the cotton bale 

and the angle of the rocker arm component in the first stage is obtained. 

In the second stage, the diameter of cotton bale further increases (Figure 4). At this time, the 

cotton bale is out of contact with the roller , which is outer cutting with the roller  and the 

roller  respectively. The contact tangent points are respectively  and , and further, the 

total length of variable segment packing belts in the second stage can be obtained as follows: 

 (4) 
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Figure 4. The second stage mathematical model of packing device. 

Using the same calculation method as in the first stage, the relationship between the dimensions 

of the cotton bale and the angle of the rocker arm component in the second stage can be similarly 

determined. At this stage, the overall relationship between the rotation angle of the rocker arm 

component and the dimension of the cotton bale throughout the entire packing process is established. 

Consequently, the dimension of the cotton bale can be calculated by detecting the rotation angle of 

the rocker arm component. 

2.2. Deterministic Verification of Cotton Bale Dimension 

To ensure that during the entire packing process, a unique radius of the cotton bale corresponds 

to the same total length of the variable segment packing belt and the angle of the rocker arm 

component, the issue of uncertainty due to multiple solutions must be eliminated. Taking the second 

stage as an example, the certainty of the cotton bale's dimension is demonstrated. 

When the rocker arm component turns the angle , the corresponding cotton bale’s 

radius is , suppose that there exists a radius ( ) such that eq. (4) also holds (Figure 

5). Considering only in these two cases, which segments of the packing belt’s length has changed. 

When the corresponding radius is , it can be expressed as the follow equation: 

 
(5) 

In the same way, the changed length of the packing belts can be written when the corresponding 

radius is : 

 

(6) 

r

rR hR r hR R

rR

1 2 9 10 1 10 16 18rRL E E E E E Q E P E Q E= + + + + +

hR

' ' ' ' ' '
1 2 9 10 1 10 16 18hRL E E E E E Q E P E Q E P= + + + + +  
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Figure 5. The assumption of the same rotation angle corresponds to different bale dimension. 

Considering that the coordinate change of the tangent point , , and is small, it can 

be neglected in order to simplify the analysis. It is also noted that the change of , is opposite 

to the change of , . Under the condition that the hypothesis is established, there should be: 

 (7) 

And then, eq. (7) can be further written as: 

 (8) 

In order to facilitate the calculation, it is necessary to remove the absolute value and define

artificially, and at this time, there is , , , . 

Considering that there is the same tangent point at the left and right side of the packing belt of the 

wrapped cotton bale, it is divided into two groups and considered by the change rate. Taking the 

group  and  as an example, there are: 

 (9) 

Similarly: 

'
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 (10) 

The difference in the rate of change is: 

 (11) 

Since  represents the length of line , it can be expressed by 

. Others are the same, then the eq. (11) can be further written as: 

 (12) 

due to , , , , , there is: 

 (13) 

According to the eq. (13), the change rate of is larger than that of . Similarly, it can 

also be concluded that the change rate of is larger than that of , that is, when the radius 

of the cotton bale changes from to , there is: 

 (14) 

The analysis reveals that eq. (14) and eq. (8) are contradictory, rendering the hypothesis invalid. 

The first stage can be analyzed using the same method. Ultimately, it can be concluded that the 

dimension of the cotton bale in the packing process is deterministic when the length of the packing 

belt is constant. That is, the angle of the rocker arm component has a one-to-one correspondence with 

the dimension of the cotton bale, which further demonstrates the feasibility of calculating the cotton 

bale's dimension by detecting the rotation angle of the rocker arm component. 
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2.3. Calculation Example 

This paper takes the packing device of 4MZD-6 packing cotton picker as an example and obtains 

the position and size parameters of each roller (Table 1). The theoretical maximum rotation angle of 

the rocker arm component is 65°. 

Table 1. The specific parameters of packing device of 4MZD-6 packing cotton picker. 

Rollers Initial coordinate (mm) Radius (mm) 

A1 (649.83, -1207.92) 107.16 

A2 (395.87, -924.60) 107.16 

B1 (239.48, -1114.40) 76 

B2 (522.96, 1215.90) 76 

B3 (739.53, 1157.18) 101.75 

B4 (1806.97, 1218.08) 76 

B5 (2743.52, 732.46) 76 

B6 (2783.75, -1205.44) 76 

B7 (1274.65, -1519.02) 101.5 

C1 (945.83cos13.20 , -945.83sin13.20 ) 89 

C2 (1522.60cos14.16 , -1522.60sin14.16 ) 89 

C3 (1360.78cos19.49 , -1360.78sin19.49 ) 89 

C4 (1590.83cos21.48 , -1590.83sin21.48 ) 89 

D (822.13, -1334.44) 76 

After obtaining the above parameters, the developed program is used for calculation. By 

inputting different rotation angles of the rocker arm component, the corresponding geometric 

parameters of the cotton bales can be determined (Table 2). 

Table 2. The geometric parameters of cotton bales under different rocker arm component angles. 

rocker arm component 

angles (°) 

Center coordinates of cotton bales 

(mm) 
Cotton bale radius (mm) 

0 (1050.88, -1185.44) 197 

5 (1113.74, -1059.19) 325 

10 (1149.92, -986.53) 402 

15 (1182.79, -920.52) 473 

20 (1214.45, -856.93) 542 

25 (1246.37, -792.81) 612 

30 (1279.52, -726.23) 685 

35 (1316.18, -652.62) 766 

40 (1350.03, -584.63) 841 

45 (1384.71, -514.97) 918 
50 (1420.24, -443.60) 997 

When the rotation angle of the rocker arm component exceeds a certain value 55°, the program 

fails to provide a solution. This is because, as the dimension of the cotton bale continues to increase, 

changes in the length of the packing belt become significant and cannot be ignored. To address this, 

a fitting method is employed to calculate the radius of the bale when the rotation angle exceeds this 

threshold 55°. The relationship between the rotation angle of the rocker arm component and the 

radius of the cotton bale is illustrated (Figure 6). 

It can be observed from Figure 6 that, except for specific outlier points, the rotation angle of the 

rocker arm component and the radius of the cotton bale exhibit a strong linear correlation throughout 

the entire packaging process. Therefore, linear fitting is applied in this paper. To improve the 

accuracy of the bale radius calculation, linear fitting is performed R2 = 0.9994 after removing the 

identified outlier point 0°. The resulting fitting function is: 

 

 

 

 
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 (15) 

 

 

Figure 6. Relationship diagram between rocker arm component angle and cotton bale radius. 

Using eq. (15), the geometric parameters of the bales corresponding to the different rotation 

angles of the rocker arm component can be obtained (Table 3). 

Table 3. The geometric parameters of cotton bales under residual rocker arm component angles. 

rocker arm component 

angles (°) 

Center coordinates of cotton bales 

(mm) 
Cotton bale radius (mm) 

55 (1469.37, -366.25) 1067.6 

60 (1504.74, -296.59) 1142.4 

65 (1539.88, -227.37) 1217.1 

Based on the geometric structure design, the motion range of the rocker arm component, and 

the actual verification of the packaging device of the 4MZD-6 packing cotton picker, the maximum 

packing diameter is approximately 2.4 meters. This result is consistent with the analysis and 

calculation results presented in this paper. Therefore, the correctness of the mathematical model 

relating the angle of the rocker arm component to the size of the cotton bale is preliminarily validated. 

The geometric shape of the cotton bales corresponding to different rotation angles of the rocker 

arm component (Figure 7), which further verifies the correctness, rationality, and reliability of the 

analysis results. 

14.95 245.4y x= +
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Figure 7. The geometric shape of cotton bales corresponding to the different rocker arm component angles. 

2.4. Theoretical Modification 

In the above analysis, the elastic deformation of the packing belt is neglected, which causes the 

software to fail when solving for the dimensions of the cotton bale as the rotation angle of the rocker 

arm component exceeds 55°. This indicates that, with the increase in the dimension and weight of the 

cotton bale, the elastic deformation of the packing belt becomes significant due to the continuous 

increase in tension force. Therefore, when the dimension and weight of the cotton bale are large, the 

elastic deformation of the packing belt must be considered, and the total length of the variable 

segment packing belt should be corrected to achieve more accurate results. Specifically, the tension 

force of the packing belt can be temporarily ignored in the first stage of the packaging process but 

must be accounted for in the second stage. 

For the second stage of packing process, under a given rotation angle  of the rocker 

arm component and without considering the elastic sliding of the packaging belt, it is 

approximately assumed that the tension of each part of the packing belt is . At this stage, 

the stress in the packing belt can be expressed as: 

 (16) 

in which: 

 - the stress of the packing belt. 

 - the tension of packing belt. 

 - the cross-sectional area of the packing belt. 

Further, the strain of the packing belt can be obtained as: 

 (17) 

in which: 

 - the strain of packing belt. 

 - the variation of the total length of the variable segment packing belt. 

x

TxF

TxF

A
 =



TxF

A

L





=



L
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 - the total length of the variable segment packaging belt in the initial state. 

The relationship between stress and strain can be expressed as: 

 (18) 

in which: 

 - the elastic modulus of packing belt. 

Combining eq. (16), eq. (17) and eq. (18) can be further written as: 

 (19) 

Further, the total length of the variable segment packing belt considering the elastic deformation 

is: 

 

(20) 

in which: 

 - the total length of variable segment packing belt considering elastic deformation. 

Using the total length of the modified variable segment packing belts, a more accurate cotton 

bag dimension can be calculated, which will be further verified in the experiment. 

3. Results and Discussion 

3.1. Field Test 

To further validate the proposed geometry-based method for determining the dimensions of the 

cotton bale, a field test was conducted. The test equipment used was the 4MZD-6 packing cotton 

picker, jointly developed in collaboration with the enterprise, as shown in Figure 8. To prevent 

damage to the cotton bales during transportation due to excessive dimensions, the packing cotton 

picker typically does not operate at the maximum theoretical diameter. Specifically, the rotation angle 

of the rocker arm component does not reach 65°; instead, the packing process is considered complete 

when the angle reaches 60°. 

 

Figure 8. 4MZD-6 packing cotton picker. 

The test site was the Shaya county, Xinjiang, where Xinluzhong 78 cotton variety was used for 

testing. Due to the fixed length of the coating used in the packing cotton picker, minimizing waste 

requires that the cotton bale size not be excessively small. During the test, the rocker arm component's 

angle ranged from a minimum of 45° to 60° in increments of 5°, with three repeated packing tests 

conducted. Each test result was taken as the measured value, which was then compared with the 



E



=

E

E

TxF
L

A


 =

L L L = + 

L
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theoretical value calculated using this method. The measurement diagram of the cotton bale diameter 

is depicted in Figure 9, and the actual diameter of the cotton bale is calculated using the following 

equation: 

 

(21) 

in which: 

 - the actual diameter of cotton bale. 

 - height direction of the cotton diameter. 

 - width direction of the cotton diameter. 

 

Figure 9. The measurement diagram of the diameter of the cotton bale. 

3.2. Analysis of Test Results 

The results of theoretical calculation and actual measurement of cotton bale diameter are shown 

in Table 4. 

Table 4. Comparison between theoretical calculation and measured results. 

rocker arm 

component angles 

(°) 

Theoretical value 

(mm) 

Measured value 

(mm) 

Absolute error 

(mm) 
Relative error 

45 

1840 1851 11 0.59% 

1844 1857 13 0.70% 

1852 1868 16 0.86% 

50 

2006 2023 17 0.84% 

2013 2031 18 0.89% 

2004 2024 20 0.99% 

55 

2154 2181 27 1.24% 

2159 2185 26 1.19% 

2151 2182 31 1.42% 

60 

2305 2348 43 1.83% 

2302 2342 40 1.71% 

2310 2356 46 1.95% 

1
( )

2
a h wD D D= +

aD

hD

wD

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2025 doi:10.20944/preprints202501.1598.v1

https://doi.org/10.20944/preprints202501.1598.v1


 14 of 15 

 

As shown in Table 4, with the increase in the rotation angle of the rocker arm component, both 

the absolute error and relative error exhibit an increasing trend. In general, the absolute error in the 

cotton bale diameter can be kept within 50 mm, while the relative error remains within 2%. Therefore, 

the calculation accuracy for determining the cotton bale's dimension is generally satisfactory. 

3.3. Discussion 

Through detailed analysis, it can be concluded that the errors in the geometry-based cotton bale 

dimension calculation method proposed in this paper stem from the following factors: 

1. The method assumes the cotton bale is a perfect cylinder with uniform mass distribution. 

However, the cotton bale is a quasi-cylindrical shape because of gravity, and its mass 

distribution is not perfectly uniform. This discrepancy leads to unavoidable errors when 

calculating the total length of the variable segment packing belts. 

2. When using a tension sensor to correct the total length of the variable segment packing belts 

during the packing process, the elastic sliding between the packing belt and the contact roller 

causes different tension values on each side, like a belt drive system. Since only one tension 

value is measured instead of the entire tension distribution, this introduces an additional 

source of error. 

3. Rounding errors in numerical calculations and human errors in measuring the cotton bale 

dimensions are also significant contributors to the overall error. 

In summary, due to the complex interactions in the packaging process, the simplified calculation 

method inevitably introduces errors. However, further investigation into the relationship between 

the theoretical calculation and actual measurements using the method proposed in this paper could 

help refine the model. It is feasible to reduce these errors by introducing correction coefficients or 

correction functions. 

4. Conclusions 

The geometry-based method for determining the cotton bale dimensions in the packing cotton 

picker, as presented in this paper, is generally satisfactory. For measuring the diameter of the bale, 

the absolute error can be kept within 50 mm, and the relative error can be controlled within 2%. The 

next step is to further explore the relationship between the theoretical calculation and actual 

measurements, which will help reduce the error and provide a theoretical foundation for precise 

control of the cotton bale weight in the packing cotton picker. 
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