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a. Movement sketch of vegetable seedling pick-up mechanism

b. B E 8T =&
b. Movement sketch of seedling pick-up arm
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1. Incomplete non-circular gear 2. Convex locking arc 3, 3’. Concave

locking arc 4, 4'. Intermediate elliptical gear 5, 5’. Planetary elliptical
gear 6, 6". Seedling pick-up arm 7. Gear box 8. Seedling pick-up path
9. Seedling tray 10. Cam 11. Fork 12. Slider 13. Spring 14. Seedling-
push lever 15. Seedling-push claw 16, 16'. Seedling pick-up needle

e WA AN ) K KO REG M, N, O, P, O AHETEE
REBIE; A4, B, C, D, E RMECH L.

Note: Rotation direction of the gear box is counterclockwise; K, K’ is cusp
of seedling pick-up needle; M, N, O, P, Q is the path of seedling pick-up
needle; 4, B, C, D, E is cam profile.

B 1 SRR RSN E B
Fig.1 Sketch of seedling pick-up arm for vegetable seedling
transplanter
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segment

a. M TAER
a. Work sections of cam

b, IUATEHLIE
b. Stationary track of seedling pick-up

Note: A4 is the starting point of pushing seedling; B is the end point of
pushing seedling; C is the starting point of picking seedling; D is the end
point of picking seedling.
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Fig.2 Work sections of cam and corresponding location on
stationary track
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Note: E(xo, yo) is the cusp of seedling pick-up needle; F(x;, ) is the
connection point between seedling-push claw with seedling-push lever;
H(xy, y,) is the center of slider; J(x3, y3) is the swing center of fork; K(xs, y4)
is the center of roller; M(xs, ys) is the rotating center of cam; 6 is the angle
between AG segment with x-direction, (°); 6, is the angle between AE
segment with x-direction, (°); 6, is the angle between seedling-push claw

with x-direction, (°); § is the angle between JK segment with y-direction, (°);

y is the corner angle of fork, (°).
B3 RmuA
Fig.3 Seedling pick-up arm
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Table I  Structure dimensions of seedling pick-up arm

24 1l 24 ol 24 1l
Parameters ~ Values Parameters ~ Values || Parameters  Values
L,c/mm 36 Lyy/mm 26.5 Xs/mm —61.5
Lyr/mm 40.3 Ljx/mm 13.6 ys/mm —45
Lcp/mm 11.5 Ljy/mm 28.3 6,/(°) 7
Log/mm 17.5 X3/mm —41.5 6,/(°) 57.7
Lyr/mm 90 y3/mm =25 7/(°) 72
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b. Quintic polynomial
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Fig.4 Angular acceleration curves
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Push-way movement angle is 47°
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Push-way movement angle is 48°
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Push-way movement
angle is 51°
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Push-way movement
angle is 55°
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Note: 4 is the starting point for theoretical push-way movement; B is the
starting touching point with cam for actual push-away movement; C is the
point of minimum curvature radius of effective segment for push-away
movement.

B S5 MERRIEARZEH A T4 E RS &
Fig.5 Actual cam profile curves at different angles to push-
away movement
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Fig.6 Pressure angle curves of push-way and return-way
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Marker on seedling
pick-up needle
HET K L FRIC s

Marker on p
push-seedling claw 4

LIy HEHT
Seedling  Push-seedling
pick-up needle claw

b. P LR bR R
b Marker positions on model

a. i ERR
a. Simulation model

e BN bR s sh il

Note: Lines in figure show path of marker on seedling pick-up arm.

B 7 #REARGRGIMIEHG A

Fig.7 Simulation of vegetable seedling pick-up mechanism

25 ¢ e 72 Seedling-push process
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a. Simulation result of improved cam

HEWLFE Seedling-push process
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Relative displacement/mm
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17 L4845 £ Angular displacement of carrier/(° )
b, SCHEFT EAE R
b. Simulation result of original cam
B8 4w N EARILE G IR A LATIT R 6948 A4S T A th 45,
Fig.8 Relative displacement curves of points on push-seeding
claw and pick-seeding needle
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Seedling pick-up Marker on seedling

needle
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claw
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Marker on seedling pick-up needle
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Marker on push-seedling claw
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a. Marker positions on seedling pick-up arm
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b. Tracks of markers on new seedling pick-up arm
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Note: T1 is the path of first marker on new seedling pick-up arm; T2 is the path of the second marker on new seedling pick-up arm; T3 is the path of the third
marker on old seedling pick-up arm; T4 is the path of the fourth marker on old seedling pick-up arm; A4 is the starting point of seedling-push; B is the end point
of seedling-push.

cIHICHT R brd s g
c. Tracks of markers on old seedling pick-up arm

B9 REYAFHEH KA SR 4 LR S
Fig.9 Paths of markers on seedling-push claw and seedling pick-up needle of seedling pick-up arm

25 ¢ HEw i #% Seedling-push process PRl LA Seedling-push process
§ 20 + £ 20
(7} o
W E 2 E
E § 15 + E § 15t
o 75
EZ35 10+ Z=35 10
o o
2 2
2’ 2
V.= NP L I L 1 L 1 h ST L L L L L L e Ny
0 30 60 90 120 150 180 210 240 270 300 300 360 0 30 60 90 120 150 180 210 240 270 300 300 360
1T 4855 £ Angular displacement of carrier/(° ) 1T 4855 £ Angular displacement of carrier/(° )
a. DOt SR G 4 R b. SO ARG AR
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Fig.10 Relative displacement curves of points on seeding-push claw and seeding pick-up needle
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Design and test on cam mechanism of seedling pick-up arm for
vegetable transplanter for pot seedling

Ye Bingliang™?, Li Li?, Yu Gaohong™?*, Liu An*?, Cai Di**
(1. College of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Zhejiang Province Key Laboratory of Transplanting Equipment and Technology, Hangzhou 310018, China)

Abstract: It is of important science meaning and application value to study the cam mechanism used in the
seedling pick-up arm of vegetable transplanter because it is the key mechanism to influence the work performance
of seedling transplanting. By exploring the shortcomings and deficiencies of the existing cam mechanism used in
the seedling pick-up arm, it is not difficult to find that it takes a short time to push the seedlings, which affects the
success rate of pushing the seedlings, and further affects the efficiency and success rate of transplanting the
vegetable seedlings. In order to solve the problem, the analytical method with the advantages of a fast solving
speed and high calculating accuracy was applied to further design the current cam mechanism in the seedling
pick-up arm. According to the movement requirements of the seedling pick-up and seedling-push of the vegetable
transplanter and the structure dimensions of seedling pick-up arm, the mathematical model of designing the cam
mechanism was built and the push movement angle of the cam was optimized by exhaustion method. Then the
practical cam profile curve was designed and kinematics and pressure angle analysis of the cam mechanism was
carried out by using MATLAB program. For verifying the correctness and rationality of the improved design, UG
and ADMAS software were applied to a build three-dimensional model of the seeding pick-up mechanism and to
carry out the virtual prototype movement simulation. After the physical prototype of the mechanism was
manufactured, the self-developed test bench, high-speed digital video camera and image processing technology
were used to complete a bench test. The basic consistency of the simulation results and the test results showed the
improved design is correct and reasonable. At the same time, the comparison of the improved design results and
the original design results shows that the improved cam mechanism can not only meet the operating requirements
of the vegetable seedling transplanter, but also effectively reduce by 27.9% of the time for the pushing seedlings,
which is beneficial to improving the success rate of the seedling push and work performance of vegetable seedling
transplanter.

Key words: agricultural machinery; transplants; design; vegetable seedling transplanter; cam mechanism
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