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Research on the Design of a Cleaning Machine

for Spartina alterniflora Based on FAHP- QFD

ABSTRACT

The rapid spread of Spartina alterniflora in coastal wetlands and
other areas has severely squeezed the living space of native species and
disrupted the structure and function of ecosystems. In this context,
carrying out innovative design research on Spartina alterniflora cleaning
machines has become particularly urgent. Therefore, this study aims to
design a large-scale machine product for Spartina alterniflora cleaning by
addressing the actual needs in the cleaning process and integrating the
research framework of the Fuzzy Analytical Hierarchy Process (FAHP)
and Quality Function Deployment (QFD).

First, based on existing research achievements on Spartina
alterniflora cleaning equipment, field research was conducted in the
growth areas of Spartina alterniflora. The biological characteristics of
Spartina alterniflora and existing cleaning solutions were sorted out, the
demands of stakeholders in Spartina alterniflora cleaning were
summarized, and the product requirements for Spartina alterniflora
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cleaning equipment were refined. Second, an FAHP model was
constructed based on product requirement analysis. Using a fuzzy
judgment matrix, the weight order of various requirements for the
Spartina alterniflora cleaning machine was determined to clarify the
importance of each requirement. Third, QFD was applied to transform
user needs into specific functions of the cleaning machine. Through
constructing a House of Quality (HOQ), the design key points for core
functions were identified. Fourth, to address potential functional conflicts,
a contradiction matrix analysis was carried out to provide innovative
solutions for resolving conflicts. The mapping relationship among
functions, behaviors, and structures was established to realize the organic
connection between the functions and behaviors of the Spartina
alterniflora cleaning machine from the start to the end of the cleaning
operation, and the functional behaviors were mapped to the product
structure system. Finally, the design work was carried out to develop a
model scheme for the Spartina alterniflora cleaning machine. The model
schemes were systematically evaluated and analyzed to select the scheme
that best meets the actual needs of Spartina alterniflora cleaning and has
the optimal comprehensive performance.

The Spartina alterniflora cleaning machine based on
FAHP-QFD adopts modular integrated design, integrating core functional

modules such as mowing, tilling, harvesting, and collecting to build an
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integrated operation system. In the design of the cockpit, the spatial
layout was optimized and functions were reconstructed to broaden the
visual field and improve space utilization. For the interactive interface,
the information hierarchy and operation logic were simplified to reduce
the cognitive load on operators. In addition, warning signs were designed
in accordance with agricultural machinery standards to further enhance
equipment safety.

The Spartina alterniflora cleaning machine proposed in this
study breaks the limitation of single-function traditional equipment,
identifies and satisfies users' functional needs in Spartina alterniflora
cleaning operations, provides an optimization path for the innovative
upgrading of similar products, and strongly promotes the development of
Spartina alterniflora cleaning equipment toward multifunctionality and
humanization. This study helps inhibit the interference of Spartina
alterniflora with ecosystems and promotes the sustainable development of

China's ecosystems toward health and stability.

KEY WORDS: Spartina alterniflora, FAHP, QFD, design of cleaning

machine, Functional innovation
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