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Design and research of a crawler self-propelled fully automatic

tobacco transplanting machine
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Abstract:[ Objective JAiming at the problems such as the low degree of mechanization of tobacco
transplantation, high labor cost, and insufficient automation of existing transplanters, and in
combination with the agronomic requirements for tobacco transplantation in the plain tobacco-
growing areas such as Xuchang and Pingdingshan in Henan Province, a crawler self-propelled
fully automatic tobacco transplanter is designed, which can complete the operations of hole
digging, transplantation, and water injection at one time. [ Method] A well-cellar-type planting
mechanism was developed, comprising a planting gearbox, eight-link mechanism, hole-drilling
bit, and duckbill planter. Motion simulation of the planting mechanism was conducted using
Adams software to analyze the duckbill trajectory, intermittent motion characteristics, and hole-

drilling verticality. Longitudinal and lateral limit overturning angle models were established to
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evaluate vehicle stability. Field trials were performed to validate transplanting performance.
[ Result ] Field tests conducted at the experimental site in Jiaozuo, Henan Province,
demonstrated that at a transplanting frequency of 50 plants * min™! and seedling age of 60 days,
the seedling damage rate was 1.67%, average missed planting rate was 4%, and transplanting
qualification rate reached 94.33%. [ Conclusion] The crawler self-propelled fully automatic
tobacco transplanter exhibits excellent performance with superior terrain adaptability, high
operational efficiency, and low seedling damage rate, meeting field operation requirements.
Future research will focus on optimizing the precision and durability of the planting mechanism
and exploring its adaptability for other cash crops.
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1 JHZE; 2. HEEAR: 3. HERE.
1. Tobacco Ridge; 2. Well-Pit Diameter; 3. Well-Pit Depth.
1 BRIHENRE
Fig.1 Transplanting Well-Pit Specifications

e HFEER BN 80~100 mm, A E IR 2T — M0y 20~30 mm, HEEREY 180~200 mm, ZENiKTEE
£ 600~800 mm 2 [f] .

Note: The well-pit diameter generally measures 80~100 mm, the distance from the top of the tobacco seedling to the
ridge top is usually 20~30 mm, the well-pit depth is 180~200 mm, and the ridge base width is between 600~800 mm.
1.2 BiH/E
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HAE . RO R ESARN: B ARG AR ST 1Ta Sk . MR S A

L ATEAR A, 2. EAEAL: 3. WhAE: 4.0 KEhBL; 5. EALAE: 6 RATRE,
7. KA 8. BUREAEHE: 9. MBEhREHE: 100 FEM: 1L B 120 HLEE
1. Gearbox for propulsion; 2. Tracked chassis; 3. Fuel tank; 4. Engine;

5. Tray rack; 6. Tray feeding device; 7. Water tank; 8. Seedling picking mechanism;
9. Transmission device; 10. Air compressor; 11. Driver's seat; 12. Frame.

(a) ZHEEAEHE
(a) 3D Complete Machine Structure Diagram
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1 BKEhEE; 2. WhAE: 3. KRBl 4. MMM, 5. WIS 6. KA 7.
8. SKEHE; 9. HLZL: 10. widhs 11 BEahIUEEERE; 12, HMERE, 13. A3EARE,
14. Bzt 15, 2EHL 16, BBk 17. BRI 18, 4.
1. Drive wheel; 2. Fuel tank; 3. Engine; 4. Bevel gearbox; 5. Tray rack; 6. Water tank; 7. Track; 8. Tension wheel;
9. Frame; 10. Seedling cup; 11. Automatic seedling picking and planting device; 12. Planting device;
13. Automatic tray feeding device; 14. Belt; 15. Air compressor; 16. Driver's seat; 17. Driver's lever; 18. Gearbox.
(b) EEHUFHLE
(b) Top View of the Complete Machine
2 BN EHaE
Fig.2 The structural diagram of the entire machine
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Table. 1 Main technical parameters table of the entire vehicle

SHATR ZHUE
Parameter name Parameter value
SRR/ mm 2.900X 1990 X 2 220
Overall dimensions
B EE kg
Overall weight 1800
RENWLIZ, kW 20
Engine power
BAREE/ (km » b 12

Minimum speed
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Maximum climbing angle 30
B HbE]BR/ mm 350
Ground clearance
J& i O R/ mm 1200
Track center distance
JE 7 5/ mm 320
Track width
KRR/ mm N
Plant spacing 550 CRIifD
AR/ mm 200
Pit digging depth
AT

Transplanting rows
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1. Drive shaft; 2. Track drive wheel; 3. Engine; 4. Bevel gearbox; 5. Planting system input pulley; 6. Planting system
output pulley; 7. Seedling cup drive sprocket; 8. Planting system transition pulley; 9. Transition shaft pulley; 10. Air
compressor; 11. Air compressor pulley; 12. Engine pulley; 13. Gearbox pulley; 14. Gearbox.

E 3 #ilfEshmEE
Fig.3 Overall machine transmission layout diagram
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Fig.4 Diagram of forces acting on the vehicle
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L JHRELZAT: 2. RGN, 3. MENIER; 4. BEHLE,
5. HEFFHUM: 6. FTEE K 7. AN 8. MYMERAE AR .
1. Lifting lead screw; 2. Planting system input pulley; 3. Planting mechanism gearbox; 4. Planting frame;
5. Linkage mechanism; 6. Pit digging drill; 7. Pit digging motor; 8. Duckbill planter.
5 EFFHAEN

Fig.5 Linkage planting mechanism
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5. ki ARE: 6. TMIECVNARE; 7 BEIR
1. intermittent large gear; 2. transmission output shaft; 3. large reduction gear; 4. large reduction sprocket;
5. small reduction gear; 6. small intermittent gear; 7. planting shift fork.
6 HAENMLREENHEE
Fig.6 Tansmission layout diagram of the planting mechanism gearbox
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Fig.7 Simulation results of the planting mechanism
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Fig.8 Longitudinal limit tipping force analysis
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Fig.9 Lateral slope force analysis diagram
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Table. 2 Experimental evaluation indicators

P iR
Evaluation Index Requirement
I 1%
<2.0
Seedling damage rate
] EEAHE /%
=67.0
Spacing qualification rate
TR/ %
<2.0

Missed planting rate
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Table. 3 Test results

SRR i gt =
Parameter name First group Second group ~ Third group
R i/
100 100 100
Number of transplants
E] EEA S /%
80 83 80
Spacing qualification rate
A%
5 3 4
Missed planting rate
WITHESLA
2 1 2
Seedling damage rate
B A%
93 96 94

Planting qualification rate
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Fig.11 Test result diagram
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JE AL, TEZRARORY ALE I PE 55 T B A 31T B OKH Ferrari Futura 551 B ARA LG FCHUBLAL Pl (H 5
BMEZE; SRR TSR B S ARNIAN ], AR FUCR AT A B e T R T
¥, RS VE B P T LL SRR X R R AL AR R 22K . A E AR R S vk 1) e g L b AR %
BMIE XN, ARG T — PR TR A S s 8 IEAT AR, S5H
., RSMEE S ROR TR IR, JES BB E N ER S, 1R TR AR s R
FTH RS, S0 T ARAEA U & 20, RS0z 2 A R m TR IR . RS g R W, 1%l
T ERINR , WRESHAFAER, RERE D, 86 TN T RSB RRTE R, -
2, S5 IZE TR RiF, HFEEARE 110~120 mm, FREETE 450~550 mm JEHE A AT .
FAB MG AT f T B 22 AT 4R T R T, TG RN ) i FE (PR 28, 55K SRS 1) 2 200 B 7% Rl
FHEE, ABEFRRAREN BT, R 8, SR, TAEnSE. AR SR v I T4
FfERRE, BRI

J o TR B BE T LA S8 /N 5 28 A2 R B 8 (1 L T SE S BE 7, B AR R 24t h R
B I I 1 o I X LR R 1 () 23 B, T 9 3 B o o 7 8 R i ) PG 6 P R R A 36 A L
HEEW, THE R B HAEA R TE TR AT B RS e AT A 2ok . IR 45 Rt — P e
WE T R BRML I RS o FEARFEARZE N 50 Fk smin!. B8 60 KRIIEET, BBV THEEN 1.67%,
PRI N 4%, REEHEE 94.33%, T2 HRVEER, JE &4 33N RE L R
AIE o SRR THIAAE—E Wi fEK i i L, FTEs5k b t, SEOFEEBHE W
75, ML R T EE N A s KRN TR, RER TR ELRZE, ERAKH
BEHMEE RS . AR T MR sl SREE L . Z2EYER S A SE Ty T RS,
Tt B AR N B R SE IR AR E AN, PRI AR 8 VR RS O R R T AR B AR R AE
BB, F AR R IR
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