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Introduction

Color mixing in textiles is a critical aspect of design and manufacturing,
enabling the creation of vibrant and diverse hues in fabric production.
Traditional color mixing techniques rely on blending primary colors, but there is
a growing demand for more precise and comprehensive color representation.
This study introduces a novel approach to achieving a full-color gamut mixing
model using four-color fibers in combination with rotor spinning technology.
The development of this model aims to enhance color accuracy and diversity in
yarn production, catering to the evolving needs of the textile industry for more
varied and vivid fabric colors [1].

Description

The proposed full-color gamut mixing model introduces an innovative
approach to textile color blending by utilizing four primary color fibers: cyan,
magenta, yellow, and black (CMYK). These fibers are chosen due to their
ability to produce a comprehensive range of colors when mixed in varying
proportions. Unlike traditional three-color mixing methods, which are often
limited to basic hues and may require additional dyeing processes, this four-
color fiber model enables a broader and more nuanced color spectrum directly
within the spinning process [2]. The rotor spinning technique, integral to this
model, is a highly efficient and versatile method for yarn production. It involves
feeding the fibers into a rotor, where centrifugal force and air currents work
together to form a continuous yarn. This method offers significant advantages
over ring spinning, particularly in terms of speed, uniformity, and the ability
to handle different fiber blends. In this context, rotor spinning is especially
advantageous for the precise control it offers over fiber placement and
blending, which is critical for achieving consistent color mixing [3].

To develop the color mixing model, an extensive analysis of the fiber
properties, such as fiber length, strength, and dye affinity, was conducted.
These properties play a crucial role in determining how each fiber interacts
with others during the spinning process. The fibers are carefully selected
and processed to ensure uniformity and compatibility, thereby enhancing the
mixing precision. Additionally, the model incorporates advanced algorithms
and color theory principles to predict and achieve the desired color outcomes.
This involves calculating the optimal proportions of each fiber color to be
blended, taking into account factors such as color fastness, fabric type, and
end-use requirements. During the rotor spinning process, the four-color fibers
are fed into the rotor in a controlled manner, allowing for precise adjustments to
the color blend. This controlled environment ensures that the fibers are evenly
distributed and intermingled, resulting in a uniform yarn color throughout the
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length of the spun yarn. The continuous monitoring and adjustment capabilities
provided by rotor spinning machines further enhance the quality of the final
product, minimizing color variations and defects that might otherwise occur
with traditional spinning methods [4].

Experimental trials were conducted to test the efficacy of this model, where
various combinations of the four fibers were spun into yarns and subsequently
woven into fabrics. The results showed that yarns produced using this model
exhibited superior color vibrancy, uniformity, and stability when compared to
yarns produced using conventional three-color mixing methods. The color
depth and saturation achieved through this method were also notably higher,
demonstrating the model's ability to produce a richer and more diverse range
of colors. Furthermore, the model proved to be highly efficient, reducing the
need for post-production dyeing processes and thereby lowering costs and
environmental impact. In addition to improving color quality and expanding
the range of achievable hues, this model also offers significant potential for
customization. Manufacturers can adjust the proportions and types of fibers
used to create bespoke colors tailored to specific customer requirements or
fashion trends. This flexibility makes the model highly suitable for modern
textile production, where customization and quick turnaround times are
increasingly in demand. Overall, the development of this full-color gamut
mixing model using four-color fibers and rotor spinning technology represents
a major step forward in textile engineering, offering a practical solution to meet
the diverse and dynamic color needs of the industry [5].

Conclusion

The development of a full-color gamut mixing model using four-color
fibers and rotor spinning technology marks a significant advancement in
textile color engineering. The model not only expands the range of achievable
colors but also improves the precision and quality of color reproduction in
yarns. This innovation has the potential to revolutionize the textile industry by
offering manufacturers new possibilities for color customization and product
differentiation. Future research could explore the application of this model to
different fiber types and spinning techniques, further broadening its scope and
impact on textile production.
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