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ABSTRACT: This article presents a dynamic model for the cottonseed linting process. The quality of the linting process 

depends on external factors, such as contamination levels, and internal technological parameters. The developed model 

considers the linting machine as a two-capacity system comprising a feeder and a working chamber. By employing 

material balance equations and Laplace transformations, the study derives mathematical relationships governing the 

system's dynamics. This research lays the groundwork for designing an efficient control system to optimize the linting 

process 

  

I.  INTRODUCTION 

 

Cottonseed linting plays a pivotal role in the cotton industry, directly impacting the quality and efficiency of cotton 

processing. The process quality depends on external factors like contamination and internal technological settings, such 

as maintaining consistent operational parameters. This study aims to develop a dynamic model of the linting machine to 

understand and optimize its behavior. 

 

The linting machine is modeled as a two-capacity system: 

1. Feeder: Supplies cottonseed to the working chamber. 

2. Working Chamber: Processes the seeds, controlling pressure and output flow. 

 

This study focuses on deriving mathematical equations to describe the relationships between input parameters and system 

outputs, which can serve as a foundation for advanced control systems. 

 

II.  METHODOLOGY 

2.1 System Description 

The linting machine consists of: 

Feeder (First Capacity): Supplies cottonseed to the working chamber. The main adjustable parameter is the seed level 

(H). 

Working Chamber (Second Capacity): Processes the seeds with a controlled pressure (P), determined by the feed rate 

and output lint mass flow (Qoutput). 

 

2.2 Mathematical Modeling 

Using the material balance principle, the system's mass dynamics are described as: 

𝑑𝑚

𝑑𝑡
= ∑ 𝑀𝑖

𝑛

𝑖=1

− ∑ 𝑀𝑗

𝑛

𝑗=1

 

where: 

𝑚 - mass of lint in the system, 

𝑀𝑖  - inflow mass rate, 

𝑀𝑗 - outflow mass rate. 

Therefore, the structural diagram of the linter machine can be represented as follows: 
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The mass dynamics for each subsystem are given by: 

{

𝑑𝑚1

𝑑𝑡
= Qinput − Qtrans

𝑑𝑚2

𝑑𝑡
= Qtrans − Qoutput

 

These rates depend on the relationships: 

{

Qinput = 𝑘1𝑦1 − 𝑘2𝑚1

Qtrans = 𝑘3𝑦2 + 𝑘4𝑚1 − 𝑘5𝑚2

Qoutput = 𝑘6𝑦6 + 𝑘7𝑚2

 

 

where 𝑘1, 𝑘2, … . , 𝑘7  are system coefficients (they are between 0 and 1) and 𝑦1, 𝑦2, 𝑦6  represent adjustable operational 

parameters.[1]. 

 

2.3 Laplace Transformations 

Applying Laplace transforms simplifies the differential equations: 

𝑃𝑚1 + (𝑘2 + 𝑘4)𝑚1 = 𝑘1𝑦1 − 𝑘3𝑦2 + 𝑘5𝑚2 

𝑃𝑚2 + (𝑘5 + 𝑘7)𝑚2 = 𝑘3𝑦2 + 𝑘4𝑚1 − 𝑘6𝑦6 

 

III. ANALYSIS 

3.1 Structural Equations 

The structural equations of the system include: 

1. Feeder dynamics: 

 

     𝑚1 =
𝑘1𝑦1 − 𝑘3𝑦2 + 𝑘5𝑚2

𝑃 + 𝑘2 + 𝑘4

 

 

2. Working chamber dynamics: 

 

𝑚2 =
𝑦2(𝑘3(𝑃 + 𝑘2 + 𝑘4) − 𝑘4𝑘3) + 𝑘1𝑘4𝑦1 − 𝑘6𝑦6(𝑃 + 𝑘2 + 𝑘4)

(𝑃 + 𝑘5 + 𝑘7)(𝑃 + 𝑘2 + 𝑘4) − 𝑘4𝑘5

 

 

3.2 Simulation Parameters 

The coefficients (𝑘1 to 𝑘7) represent the physical properties of the system, and (P) is the Laplace variable approximation. 

Inputs (𝑦1, 𝑦2 , 𝑦6) correspond to the rotational speeds and seed flow rates. 

3.3. Transfer Functions 
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The relationships between the input ( 𝑦1 , 𝑦2, 𝑦6 ) and output variables ( 𝑚1, 𝑚2, 𝑚6 ) are represented as transfer 

functions[2;4]: 

𝑊11 =
𝑚1

𝑦1

=
𝑘1

𝑃 + 𝑘2 + 𝑘4

 

𝑊11 =
𝑚1

𝑦1

=
𝑘1

𝑃 + 𝑘2 + 𝑘4

 

𝑊21 =
𝑚2

𝑦1

=
𝑘1𝑘4

(𝑃 + 𝑘5 + 𝑘7)(𝑃 + 𝑘2 + 𝑘4) − 𝑘4𝑘5

 

𝑊22 =
𝑚2

𝑦2

=
𝑘3(𝑃 + 𝑘2 + 𝑘4) −  𝑘3𝑘4

(𝑃 + 𝑘5 + 𝑘7)(𝑃 + 𝑘2 + 𝑘4) − 𝑘4𝑘5

 

𝑊16 =
𝑚1

𝑦6

=
− 𝑘6𝑘4

(𝑃 + 𝑘5 + 𝑘7)(𝑃 + 𝑘2 + 𝑘4) − 𝑘4𝑘5

 

𝑊26 =
𝑚2

𝑦6

=
− 𝑘6(𝑃 + 𝑘2 + 𝑘4)

(𝑃 + 𝑘5 + 𝑘7)(𝑃 + 𝑘2 + 𝑘4) − 𝑘4𝑘5

 

 

IV. RESULTS 

 

A. Dynamic Behavior 
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From the simulation:  

Feeder Dynamics (𝑚1): The mass in the feeder rapidly increases at the start and stabilizes at approximately 22 kg after 

about 20 seconds. This behavior reflects the feeder’s ability to quickly reach a steady-state condition, ensuring a 

consistent seed supply to the working chamber. 

Working Chamber Dynamics (𝑚2): The mass in the working chamber initially oscillates due to transient effects but 

stabilizes at around 10 kg after 20 seconds. This indicates effective damping of oscillations as the system adjusts to 

equilibrium. 

4.2 Sensitivity Analysis 

Impact of Rotational Speed (𝑦1): Higher rotational speeds enhance the feeder's throughput, reflected in the rapid rise of 

𝑚1. However, this also increases the pressure in the working chamber, requiring careful calibration to avoid instability. 

Contamination Levels: The graph suggests that the system stabilizes effectively under the assumed input conditions. 

However, increased contamination could alter the settling times and the stability of 𝑚2, necessitating adjustments in 

feeder input rates (𝑦6) and system parameters ( 𝑘1 to 𝑘7) 

 

V. DISCUSSION 

 

The dynamic model effectively captures the system's interactions: Feeder Regulation: The rapid stabilization of 𝑚1 

emphasizes the feeder's importance in maintaining a consistent supply to the working chamber.[3] 

Working Chamber Stability: The damped oscillations in 𝑚2  demonstrate the system's ability to handle transient 

conditions and stabilize under steady-state conditions. 

The observed behavior underscores the importance of maintaining optimal input conditions and adjusting system 

parameters to accommodate varying contamination levels and seed flow rates. 

 

VI. CONCLUSION 

 

This study presents a dynamic model for the linting process, validated through simulation. The model illustrates the 

feeder and working chamber's behavior under varying conditions, providing insights for optimizing the linting process. 

Future work will include experimental validation and the development of advanced control algorithms to further enhance 

system performance. 
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