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1. Disk feeding device 2. Disk collecting device 3. Seedling picking device
4. Seedling cup 5. Power chassis 6. Air source 7. Planting device 8. Power

supply
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Fig.1 Oilseed rape seedling transplanting machine overall
structure
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Table 1  Overall machine operational performance parameters
ZH 1B
Parameters Values
{EMLST % Operating target SRR T
#H15)) 77 Overall machine power/kw 4
{EMV AT #% Number of working rows 2
F#AEATHE Planting row spacing/mm 300~500
FAEFEFE Planting plant spacing/mm 300~500
He KAV BE Maximum working speed/(m-s™") 0.37
KL% Maximum working efficiency/(Fk-h™) 8000
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a. Seedling tray entry side
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1. Disk feeding chain 2. Disk feeding rod 3. Disk feeding sprocket 4.
Transmission sprocket 5. Servo motor 6. Seedling carrying frame 7. Seedling
protection rod 8. Seedling separation rod 9. Seedling tray
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Fig.2 Rotary seedling tray conveying device structu
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b. Seedling tray exit side
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Seedling tray Seedling tray (1) (o)
entry side exit side / v
AL 5\ ‘ HU Je T
Tray seedling A riSee;]rli;EW
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. The seedling gripper claw moves forward to the seedling pot gripping point
@. The seedling tray rotates counterclockwise and moves upward by one step
®). The gripper clamps the seedling stem and moves backward to above the
seedling cup @. The gripper is released, and the seedling falls into the seedling
cup
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Fig.3 Diagram of working principle of rotary seedling tray
conveying device

Hit 5 BOssh Ry : 4B a, MizkBra. H
LB b, B b, BB o UWMEIT MiZ B a Alith
LB b IR, PRI 2 RIS, AR AT 1 AR G
BT, I A AR e AR R U A AR,
M LE A 5 7 288 8] P 285 B 70 KRS, A AR 5 i
BHE. WG, MESRSHE EELR i, FHEIX
BRGSO ACRL IR S B S TR B i 254F, — 2tk
B B HRRR T, RN M . RIS, E4kSn b
Ba), TR BRI A, RSN — MEFEL.

BeAh, B TEELE o WA H T Bizsh, Fril
BORIUY 9 E BT, MBS G w2 BRI 5K,
A RGBS 1 ) wAE E DA TR 1) R A R
Wi


http://www.tcsae.org

9 1

WRIEAESE: e i R AL e e Ok i e B it 5l 3

2 SENFRMESN

SRR T A [l 2 i FE R B A PR R ALEE,
N ST LR B Jise i, IR A, Xk
T )RR AT ¥
2.1 ETUMENDEHFESR

TR E BRI ES, WEEH I Lo Nk,
BB — 2% v IR LR ok 22 18] KL 45 ) DLR R 53R A
B AP, AT EREEEANE . WS
AR T SR e st fR e, RN AL, Bk
R ITRE P T g = AR MR A L, 5803 i 8.
WS T RN S LR RG S5 58 5 . IR RN RE /1. %
B E KR ER R EYIM R, 55 2R wIREAR S
JBE 2 8] [ BEHE ST RN BB 43120, N T 7 (R RN
ANER 770 EEHEE 7 I B AR SR 5 7 ORE R RS B Ve e, B B
I 2 B &K Z . WM SR . AN IR RS AR
TR SRR O PE AR BEAS . AER i k2 5 8RR
MELURFI I . BHANE IR T WNER S, BARR 5 kA
B RS A, AT R2ma B RUR

EH RGP E BR K AT R RPRAS T, ik
WEE SIS & 4a Fros o IR A 42 6 S5 S T 1)
Hhgk 77 DA R AR 2206 38 5 I B AR AR FH 0 72 B AA N 83 51 43
i, H AR 77 B Fe m AR bt DLORFRERAAR ) 45 04 52
PP NER ST Fn R LR R &

F,-:Lv((%—é;;jm+ak)dv I
X VSR ER, mm’s WONEFREKE, % o N
FERAE I BAAARAR 7, N/m®

a. NIk

a. Internal force
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b. External force
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Note: F; is internal force, N ;F; is the adhesive force between the trays, N ; F; is
the force required to pull the seedling from the plug tray, N; F is the frictional
force, N ; G is the gravitational force of the seedling, N; o is the angle between
the sidewall of the plug tray and the normal direction of the tray, (°).
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Fig.4 Mechanical properties of normal seedling tray seedlings
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Note: R is the rotational radius, m; 6 is the bending angle, (°); L is the hole
length, m; M is the center of rotation.
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Fig.5 Mechanical properties of plug seedlings under rotary
bending
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Fig.6 Plug tray pull-out damage test
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Fig.7 Plug tray pull-out and tray separation test
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Note: /, is the pin shaft length, mm; d, is the pin shaft diameter, mm ; d,, is the
seedling tray width, mm ; /, is the seedling tray length , mm ; p is the chain pitch,
mm; 4, is the chain plate heighl t, mm.
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Fig.8 Position relationship between the seedling tray and the
feeding chain
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Note: 6, is the rackmount angle, (°); R;;~ Ry~ Ry is the sprocket radius, mm.
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Fig.9 Diagram of different sprocket radius
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1 50+1 58 35 6.52 36.12
2 50£1 113 55 2.01 21.08
3 501 168 75 1.03 5.03
4 55+1 58 55 5.18 29.15
5 55+1 113 75 1.89 17.00
6 55+1 168 35 2.27 18.32
7 60+1 58 75 4.73 25.41
8 60+1 113 35 4.05 23.09
9 601 168 55 2.12 15.02
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Table 4 Comprehensive scoring result

NN Jii 4 AR A 3
Wi FrEAE FriE(E LRV
AL S, S, Standardized value Standardized value Comprehensive
Test No. . X
of failure rate of tray separation score
Z, force rate Z,
1 6.52 36.12 0 1.00 0.40
2 2.01 21.08 0.82 0.52 0.70
3 1.03 5.03 1.00 0 0.60
4 5.18 29.15 0.24 0.78 0.46
5 1.89 17.00 0.84 0.39 0.66
6 2.27 18.32 0.77 0.43 0.64
7 4.73 25.41 0.33 0.65 0.46
8 4.05 23.09 0.45 0.58 0.51
9 2.12 15.02 0.80 0.32 0.61
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Table 5 Variance analysis of indicators

whio ok S A IR by
Indicators  Source um of - Degree of - Mean of Fvalue P value
squares freedom squares
A 0.475 2 0.238 1.084 0.480
B 22.170 2 11.085  50.568 0.019**
M C 4.684 2 2.342  10.683 0.086*
R 0.438 2 0.219
Jsyill 27.767 8
A 0.843 2 0.421 0.041 0.961
B 458.557 2 229.279  20.177 0.043**
S, C 152.600 2 76.300 7.380 0.119
R 20.677 2 10.339
S 632.678 8

T IR E (P<0.05); *FOREIA—BEZE (0.05<P<0.1).
Note: ** indicates significant impact (P<<0.05); * indicates generally significant
impact (0.05<P<0.1).
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Table 6 Repeated demonstration test results
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Substrate moisture Rotational ~ Bending  Failure  Tray separation force
content /% radius /mm angle / (°) rate rate of change/%
of pots/%
50+1 113 55 2.24 20.57
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Design and Testing of Rotary Seedling Tray Conveying Device for Oilseed
Rape Seedling Transplanting Machine

CHEN Haiyang' , QUAN Wei** , SHI Fanggang' , JIANG Xiaohu® , XIANG Yang® , WU Mingliang*

(1. College of Mechanical and Electrical, Hunan Agricultural University, Changsha 410128, China; 2. College of Orient Science &
Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: This study focused on the design and testing of a rotary seedling tray conveying device to resolve critical challenges
in oilseed rape transplanting, such as high pot damage rates and difficulties in separating seedling plugs from their trays. The
research proposed an innovative rotary feeding mechanism aimed at reducing the adhesive forces between seedling plugs and
tray walls, thereby improving the efficiency and reliability of the transplanting process. The device was specifically designed to
minimize damage to the seedling structure while maintaining high retrieval success rates. The mechanical behavior of seedling
plugs was investigated to understand the forces influencing their integrity during the separation process. Internal forces,
including cohesion between substrate particles and root-soil binding, were analyzed alongside external forces such as friction
and adhesion between the seedling plug and tray walls. A rotary bending approach was introduced, wherein the trays were bent
along specific trajectories to expand the openings at the top while compressing the bottom. This deformation reduced the
contact area and adhesion forces, enabling easy separation of the plugs without structural failure. The theoretical model
provided the basis for optimizing the bending radius, angle, and other critical parameters. The rotary seedling tray conveying
device comprised key components, including a seedling tray frame, a chain conveyor system, transmission mechanisms, and
seedling protection rails. The conveyor system used a servo motor to provide intermittent motion, driving the trays along a
curved path. As the trays moved through predefined bending segments, controlled deformation was applied at specific angles
and radii, significantly reducing adhesive forces. Extensive experiments were conducted to evaluate and optimize the device’s
performance. The tests focused on three critical factors: substrate moisture content, rotary radius, and bending angle. These
parameters were systematically varied to determine their effects on pot damage rates and detachment force reduction.
Orthogonal experiments were performed using 40-day-old oilseed rape seedlings with substrate moisture contents of (50+1)%,
(55+1)%, and (60+1)%; rotational radius of 58, 113, and 168 mm; and bending angles of 35°, 55°, and 75°. The results
indicated that a substrate moisture content of (50+1)%, a rotary radius of 113 mm, and a bending angle of 55° provided the
optimal configuration, achieving a pot damage rate of 2.01% and a detachment force reduction rate of 21.08%. Field trials
validated the device’s effectiveness under real-world conditions. These trials measured critical metrics such as seedling
retrieval success rates during operation at a working speed of 0.4 m/s. The results showed an average retrieval success rate of
96.75%, compared to 3.70 to 6.01% improvement compared to existing transplanters. However, field trials also identified
potential improvements, such as mitigating vibration-induced errors and addressing occasional interference caused by
overlapping seedling stems. The rotary seedling tray conveying device demonstrated significant advancements in addressing
the limitations of traditional seedling transplanting machines. By employing rotary bending to reduce adhesion forces, the
device ensured precise and efficient plug separation without compromising structural integrity. This design enhances the
reliability and efficiency of automated transplanting systems, reducing labor dependency and improving agricultural
productivity. Furthermore, the research provides valuable guidelines for developing transplanting technologies for other crops
with similar requirements for plug separation.

Keywords: seedling transplanting machine; tray feeding device; tray adhesion force; cell tray seedlings; rotary bending
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