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Design and Experiment of Vertical Braiding Device with Free-end Twisting
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Abstract. In the pastoral regions of the Qinghai — Tibet Plateau, the traditional method of manually
braiding freshly harvested forage for drying is characterized by low efficiency and high labor intensity. To
address this challenge and achieve mechanized, continuous, and stable grass braid forming, a vertical
green grass braiding device was designed. The device featured an adaptive mechanism that accommodated
varying forage feed rates and enabled continuous forced twisting. Based on the mechanical analysis of the
twisting process, a quantitative relationship between the feed roller rotational speed and the twisting
angular velocity was established. Compression characteristic tests were conducted by using green oat
straw, and the relationship between compression force and displacement was accurately modeled by a
quartic polynomial equation with a coefficient of determination exceeding 0. 99. Utilizing a custom-built
experimental braiding platform, a three-factor three-level orthogonal test was performed to investigate the
effects of feed thickness, feed pressure, twisting torque, and feed linear speed on the forming quality,
with the maximum tensile strength of the formed grass braid as the primary evaluation index. The
experimental results indicated that effective twisting was achieved when the feed roller pressure was
maintained within the range of 8. 26 kg to 17. 89 kg and the twisting torque exceeded 12.43 N-m, with
higher feed thickness requiring greater applied pressure. Under the optimal combination of operating
parameters, specifically a feed-twisting roller linear speed of 0. 10 m/s, a twisting speed of 89 r/min,

and a feed thickness of 0. 10 m, the formed grass braid attained a maximum tensile strength of 120. 58 N.
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The research demonstrated that the proposed vertical single-twist braiding device, operating under

adaptive feed conditions, which can successfully achieve continuous forced twisting and produce grass

braids with tensile strength sufficient to meet the requirements for subsequent field drying. The findings

can provide a theoretical basis and technical reference for the development of mechanized grass braiding

equipment for alpine pastoral applications.
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Fig. 1  Structural design of vertical single-twist

grass braiding forming device
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Fig.2 Mechanism schematic of vertical free-end

twisting grass braiding forming
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Fig.3  Structural schematic of feed hopper
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Fig.4 Force analysis diagram of fiber feed twisting

roller feeding process
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Fig.5 Fitting relationship between spring compression

and pressure
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Fig. 6 Helical configuration and unfolded diagram

of post-twisting grass braid
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Fig.7 Compression characteristics test of green oat grass
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Tab.1 Factor-level for experimental design

Mz
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Fig.9 Braiding machine twisting test with straw grass

braid and universal testing machine tensile test
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Fig. 10 Torque monitoring chart of grass braid
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