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Fig.1 Profiling mechanism of bidirectional parallelogram
linkage
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Note: P,, P, is traction power; M is moment of traction on the xy plane; G is
gravity of monomer of seeder; L is length of parallelogram linkage; o is
angle of traction of parallelogram linkage; Q., Q,is forward resistance and
vertical reaction on profiling wheel; R,, R, is forward resistance and vertical
reaction on opener; F\, F, is forward resistance and vertical reaction on press
wheel. H, is distance from P, to hinge of parallelogram linkage. H, is
distance from Q, to tail end of parallelogram linkage. /3 is distance from Q,
to tail end of parallelogram linkage. H, is distance from R, to tail end of
parallelogram linkage. /s is distance from R, to tail end of parallelogram
linkage. H is distance from G to tail end of parallelogram linkage. H; is
distance from F, to tail end of parallelogram linkage. Hy is distance from F;
to tail end of parallelogram linkage.
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Fig.2 Force diagram on xy plane
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Note: P, is traction power; M is moment of traction on the xz plane; Q.1, O.»
is lateral force on profiling wheel; R.1, R, is lateral force on opener; F,, F»
is lateral force on press wheel. Hy is distance from Q.1, O to tail end of
parallelogram linkage. H;o is distance from R, R» to tail end of
parallelogram linkage. H); is distance from F., F, to tail end of
parallelogram linkage.
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Fig.3 Force diagram on xz plane
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a. Parameters on xy plane
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b. Parameters on xz plane
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Note: Fig.a: B;C; is the maximum of upper profiling on parallelogram
linkage BC; B,C, is the maximum of lower profiling on parallelogram
linkage BC; o; is upper profiling angle; a, is lower profiling angle; A,is
upper profiling ,mm; 4, is lower profiling, mm; 4 is the sum of upper and
lower profiling, mm. Fig.b: M N, is the maximum of left and right profiling
on parallelogram linkage MN; « is lateral distance of parallelogram linkage;
a'is left and right profiling angle.
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Fig.4 Structural parameter of parallelogram linkage on xz and
xy plane
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Fig.5 Motion simulation of winter wheat no-tillage seeder
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Design and motion simulation of opener with bidirectional
parallelogram linkage profiling mechanism on wheat seeder

Zhao Shuhong?, Jiang Enchen™?*, Yan Yixun®, Yang Yuegian®, Tian Bailiang®
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China; 2. College of Engineering, Huanan

Agricultural University, Guangzhou 510642, China; 3. Dalian Huarui Heavy Industry Coke Oven Vehicles Equipment Limited
Company, Dalian 116052, China)

Abstract: Heilongjiang province is located between north latitude 43°25'~53°33" and east longitude
121°11'~135°5". There is one ripe area in a year at lower temperature, therefore the soil is ridged. In order to meet
the wintering requirements for winter wheat, the seed must be sowed in late August and early September. As the
previous crop is still growing, winter wheat is sowed at both sides in the furrow. In order to protect the growing
crops on the ridge, parallelogram linkage mechanism must simultaneously achieve upper and lower, left and right
profiling. Existing parallelogram linkage mechanism had achieved up-and-down profiling, so bidirectional
parallelogram linkage profiling mechanism was designed, which consisted of the frame, latitudinal profiling bar,
longitudinal profiling bar, and limiting rack. Latitudinal profiling bar was mounted in a sleeve of the frame and it
could rotate relative to the sleeve. Latitudinal profiling bar connected longitudinal profiling bar through the
connector, and they could not move separately, but could only rotate relatively to the frame as a whole. The
longitudinal profiling bar rotated relative to the connector. The rotating angles of latitudinal profiling bar and
longitudinal profiling bar were limited respectively by limit rack which was installed in the monomer beam. When
the seeder was operating, latitudinal profiling bar rotated relative to the sleeve and longitudinal profiling bar
rotated with it, so the seeder monomer achieved up and down profiling. When the longitudinal profiling bar
contacted the horizontal beam of limit rack, the rotation was stopped. In this case, the seeder monomer reached
the limited location of upper and lower profiling; longitudinal profiling bar rotated relative to the connector at the
same time, the seeder monomer achieved left and right profiling. When longitudinal profiling bar contacted the
vertical beam of limiting rack, the movement would be stopped. In this case, the seeder monomer reached the
maximum of left and right profiling. The profiling performance parameters were determined through force
analysis. According to the initial angle and maximum of lower profiling, the parallelogram linkage ' length was
386.37 mm and maximum of upper profiling was 98.35mm. The left and right profiling angle was 15° when left
and right profiling reached their maximum. Then the motion simulation analyzed profiling mechanism with
CATIA. The results indicated that simulation trajectory was close to real field situation. Maximum of upper and
lower profiling reached 85 mm respectively and the left and right profiling reached 100 mm. The parallelogram
linkage mechanism has the advantages of simple structure and better profiling results. The realization of this
mechanism has an important significance for the research of winter wheat no-tillage seeder.

Key words: agricultural machinery, mechanisms, design, bidirectional profiling, no-tillage seeder, motion
simulation
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