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Loader Loading and Unloading Performance Analysis Based on
Machine — Liquid — Bulk Coupling Method
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Abstract; As a piece of key mechanical equipment in agriculture and construction, the performance
improvement of loaders is of great significance. The current study mainly focused on the loading and
unloading performance of loaders under a given static load, without considering the interaction between
the material system, the mechanical system, and the hydraulic system in the excavation process. The
loading and unloading performance of the loader was mainly investigated by the fluid simulation and rigid-
diffusive coupling methods, which were not able to reflect the real-time interaction between the material
system, the mechanical system, and the hydraulic system in the loading and unloading process. For this
reason, a loading and unloading performance model of the working device of the widely used valve-
controlled loader was constructed based on the machine — liquid — bulk multi-coupling method, on this
basis, the loading and unloading performance evolution law of the loader under different composite actions
was investigated. The results showed that the lifting hydraulic cylinder rodless chamber pressure was
about 8 MPa, the bucket hydraulic cylinder rodless chamber pressure was about 4 MPa, and the bucket
hydraulic cylinder rodless chamber pressure was more stable than the lifting hydraulic cylinder rodless
chamber pressure under steady state operation. When the opening degree of both the lift hydraulic valve
and the bucket hydraulic valve was 62. 5% , the full bucket rate of the loader reached 91. 48% , and the
lift action had obvious influence on the digging volume of the loader. The peak power of the hydraulic
pump under the variable lifting hydraulic valve opening condition was higher than that under the variable

dumping bucket hydraulic valve opening condition, and the material disturbance velocity was first

W fe H 3. 2025 -01 —18 & [l H 4. 2025 -02 - 14

E&WH: BRXAHARBEIEIH (52305275) (107448 Heml BT 5¢ 11051 B (TZLH20230818004 ,202303021212072) \ARAHLS 3 ) R &8 42 [F

45 40 % TP B (sKleps — sq —2023 ~015)
e B b3 (1986—) 53 B4 TR K SU T2 - A L % S HL A — (AL H R BFE , E-mail; 1739610049@ qq. com
BAEAEE : WRIF((1993—) ) BIBCEE 194 L % N SEHLHL W — PR AL R BF5E , E-mail; chenzeren@ tyut. edu. en



% 10 1)

B A BT L BOMA U5 i 0 S BODLRE I RE A 413

stabilised and then decreased with the increase of lifting hydraulic valve opening, and increased and then

decreased with the increase of dumping bucket hydraulic valve opening. The research findings may serve

as a reference for the digital design of loaders.

Key words: loader; loading and unloading performance ; machine — liquid — bulk coupling method
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