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Structural Synthesis and Innovative Design of Multi-link
Planting Mechanism Based on Graph Theory

SUN Liang'? ZHENG Guanghui' YE Zhizheng' YU Gaohong'~
(1. Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Key Laboratory of Transplanting Equipment and Technology of Zhejiang Province, Hangzhou 310018, China)

Abstract: In view of the limited configuration of multi-link planting mechanism at present, a complete
multi-link planting mechanism library was constructed by means of graph theory. Firstly, based on the
method of weighted fourth power matrix and weighted minimum distance matrix, the similarity feature
code of vertices was obtained in the kinematic chain synthesis of linkage mechanism. In accordant with
the uniqueness of the feature code, the similarity recognition and isomorphism identification of the
kinematic chain were conducted. Secondly, the specific screen rule of the planting mechanism
configuration was established based on similarity of vertices, and then the functional vertices for input
link, output link and rack were determined. The mechanism topology library of six-link to nine-link was
established ; the number of 6-link 1-DOF KCs was 14, the number of 7-link 2-DOF KCs was 17, the
number of 8-link 1-DOF KCs was 510, and the number of 9-link 2-DOF KCs was 917. Finally, the
configuration of different links consisted of six-link to eight-link in the planting mechanism library was
selected for kinematics modeling, and the new size of six-, seven- and eight-link planting mechanisms
suitable for planting operation were obtained. The correctness of the configuration synthesis method was
verified by comparing the theoretical results with the motion simulation results, which provided more
optional configurations for the innovative design of diversified planting mechanism. The use of structural
synthesis method is conducive to the innovative design of planting mechanism.
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Fig. 1 Kinematic chain and its topological graph
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Fig.9 Flow chart of screening mechanism topological graph

6

2 4 2 3
(a) SN AL (b) A< 3G TS

B 10 WRR-EAT = B 1 RE A B 0 L 25 2R

Fig. 10 Two seven-link two-DOF screen results

R2 IMANMMTIEEFRIMNEIFIELER
Tab.2 Screen results of mechanism topological

graph in 9-link

& b H I 39 245 2R
6 2 14
7 3 17
8 16 510
9 35 917

TACBE 15 B R ik RO B A B, R AT A SR A
SENEH| e N £ ol i = 2 < DT SR RS R I
LIRS 7 RU Y SN R RN RN N SR C N
B TER O 2 PR LA i B b, HIUAG AT B 2 A7 75 0] B
BRFE o PRI B8 UE AL A L BE A I A AT AR S
5 6.7 8 1Ak B 2 v 2% 30 B — Aol i o6 45 2 , £ A7 52
#5347 o

VAV 22 6 40y vV S AR X &R, 14T RO w LA
B Rl R A R AR R K bk B A
B B BE SR R B S A B 2R



72 &l #Hl

Moo= 20224

PRIE 1 22 2 450 mm s 1 8 B BE A /DT 30 mm g I B
L AL R A B TR S O b T S T 1) b T 2 £
F/DRUETE 70° ~ 110° 2 [a] 5 e W # 1 fe A% 05 5 AT
5 ) b T 2 A AE 80° ~ 100°2Z [ .
3.1 HMEHhESMEEREST

PL-EFEZ @ LA A 5] A ) B 5 4 L
AL IR BUN S I ) K3 TR | R S R
HA S B9 T3 3

#3 HEEEHELS KR

Tab.3 Parameters description of mechanism diagram

5 & 5 &R
Lo, 1 04 KJE 0, AW OA 41 4 AR 5L £
Log 1 0B K 6, B AC AL
Lyc FF2 AC KB 0 HAT CD i
Lyg 2 AG KB 6, HEFF GF fahi %
Ly HFF CD K 05 i ED %146 AL F
L, HEFF CF K b6 HEFF FB AN
Ls il ED K B2 O HFF GF 5 HI KA
Le AT FB K 01 JERT HI 5 1] Je /A
Ly Ruihf HI K Ly Ry 17 KB
@ i 04 5 OB kA B HEFFAC 5 AG A
Xp KE AR TR Y HE QAR
by AT HT 5 X fili e f by HAT 1T 5 X e s
H HEFF GF J R
n iy A e h i

K11 D9 10b Jir X W (9 -E AT — A i BE AL ]
Ko @ mE RSP RS% &, ik 1S il
Py g ARG P, HLEA AR )88 (RN 1)) o

&l 11

B 12 3 i 1#

Kinematic sketch of mechanism

Fig. 11

WAL 32 3l f7 18], 00 20 57 JE AR Ok 4 7 e

L, +L,.,=L,,+L,, +L,. (3)
L, +L,,=L,, +L,. +L,, (4)
B o< 7 R A D i A 2OE 3K
L,,cos6, +L,.cos0, =X, + Licosfs + L,cosb,
{L,Msinﬂl +L,.sinf, =Y, + Lysinf; + L,sind, )
L,,cos0, + L,.cos(0, +B) =
Lyscos(0, +a) + Lscosh, + L,cos, (6)

Lmsinﬁl +L‘1(;Sin(02 +B) =

Lypsin( 0, +a) + Lgsing, + L,sing,

B R A T LR T R
%, =Lygcos( 0, +a) + Licosh, +
0.5L,cos6, + L,,cosb,, + L, cosb, N
¥y, =Lysin( 0, +a) + Lgsinf, +
0.5L,sin@, + L, sinb,, + L, sinb
3.2 HBNHMSBSHESR
BT bikasgh s R, g S R B B R
1 ORAGARAR HRL AT R LA S 8
mFr.L, =75 mm, 9, =40°, L, =54 mm, 6, =50°,
L, =75mm,L,, =56 mm, L, =93.5 mm, L, =56 mm,

L, =128.1 mm, L, = 63.1 mm, L, = 200 mm,
0,, =300°,L,, =240 mm, 0, =230°,a =0°, B =169. 1°,
X, =44.9 mm,Y, = -27.7 mm, n=11/s, h =
450 mm,

RS HO B LR L Sh B A 12 R

12 LR AR LA B0 06 B3
Fig. 12 Seven-link theoretical result

AR b =450 mm ; §if 3 J7 ) H 1 5 Je E
FEVE AR e M o, = 88° ATk Jy 1] 55 32 M A 1 A
F IS o, =831 5 LN o, =85.3° 4
B F AV A 5 T B S BORE PG R B L =32 mm, JEAC
T P =S AR AR P T P 2K . B 13 iR AL
05 B, 5 S 0 — B, dE— 2D R T LA
TR IE B

A 13

LA AR A LG 177 E 358

Simulation result of seven-link planting mechanism

Fig. 13

AR, X S — A i BE AL B2 A — [ iy i gk
Freisy , JFA 1k — Mk B R AT R R HLAL 32 2l 7 4L
505 5 A SR 14 15 Fro o Horb BRIy
450 mm ; B B AR A R IR S O 32 mm s H A2 B 25
i AR VY 2 AE 4 B R B DK



%5 1)

IR A RTINS Z AT A0R M R LR 5 5 7 LR 73

A 14

FSFFHLR B8 5 07 UL

Fig. 14  Six-link theoretical result and simulation result

1 &

(1) A AR UG BT R S A Z R AR 2%
SR, 368 5 e T AL A PR A e R A A £ B A [ A ) 531

F1S AT RAE LA B8 5 05 ST
Fig. 15 Eight-link theoretical result and simulation result
FE) Ty BE A1 18 V1 A 9 28 0L D), I 7 g 25 P v 9 3 Y
T HRAEHU BT 89S — A i AL 14 4> EFF
ZH R ELE 1T A, O\ A B EHLE 510 4>, L
FEZ A BN 917 4~
(3) M4 7Y = A 4 B AR A AR 22 205K, 7E WL A 3
P DRI 1 v B 4 3 R AN ] T BLAE AL A A4 Y

18 B B UE T AR HUA AL B 255 O VR B IE B

Transactions of the

Hangzhou: Zhejiang Sci-Tech

Hangzhou :

HIORe SR 2 AT R T L RSO e

6 2 9 B Z AT LA AL L% i 3 12 gl AR K S B e, 13 B4 G W B ORI
(2) a5 G HLM Iz 3 2R, g Sr 1 #h 2 m AL

& % x

(1] T, &5, BRasm, 5. BRI L RIR S RELT]. LU=, 2014, 45(8) : 44 =53,

YU Xiaoxu, ZHAO Yun, CHEN Baocheng, et al. Current situation and prospect of transplanter[ J ]. Transactions of the Chinese
Society for Agricultural Machinery, 2014, 45(8) ;44 —53. (in Chinese)
(2] JFETE, W REAE. i #2412 AU B0 3 0 22 4 A [T ] AR BLAR AT 5 ,2009,31(10) : 52 - 56.
TANG Bin, SHI Shengde. Dynamic analysis of crank-rocker-type plug-in mechanism[ J]. Journal of Agricultural Mechanization
Research, 2009,31(10) :52 -=56. (in Chinese)
[3]  BRERE, A KRB AU OF R [T ] 4Rl T #2244z ,2003,19(2) : 23 -27.
CHEN Jianneng, ZHAO Yun. Research advances in transplanting mechanism of rice transplanter[]J].
CSAE, 2003,19(2) :23 —27. (in Chinese)

(4] faf/INdd VBT, MR RE , 55 SUMAR LOAF RAR LA IZE 32 40 [ T ] WLl R 24254k ( B AR ) ,2016,35(2) 1198 -204.

HE Xiaojing, SUN Xincheng, CHEN Jianneng, et al. Kinematic analysis on double crank five-link planting mechanism[]J].
Journal of Zhejiang Sci-Tech University ( Natural Sciences Edition) ,2016,35(2) :198 —204. (in Chinese)

[5] && Wk, ik, % M-S m st Ly s )] RYUEDES,2016,38(11) 137 — 144.

JIN Xin, JT Jiangtao, YANG Chuanhua, et al. Design and simulation of cam — six rod pilot mechanism [ J]. Journal of
Agricultural Mechanization Research,2016,38(11) :137 - 144. (in Chinese)

[6] FrRdfg, B4, 5k, 55, 2P U R RS MU I8 s # AL 5 280 [T ] Rl T #2254 ,2011,27(9) .7 - 12.
CHEN Jianneng, WANG Bohong, ZHANG Xiang, et al. Kinematics modeling and characteristic analysis of multi-linkage
transplanting mechanism of pot seeding transplanter with zero speed[ J]. Transactions of the CSAE,2011,27(9):7 —=12. (in
Chinese)

(7] k. AU e st 53 4 BT [ D] TN - W VL3 Tk % ,2019.

WANG Bin. Optimization design and test analysis of ditching planting mechanism [ D ].
University,2019. (in Chinese)

[8] FB4k. ZHF4RE T IGRAENAG B3 548 A Hr [ D], ATH W7 73 TR ,2017.

ZHENG Shiyong. Design and test analysis of multi rod supporting seedling planting mechanism of ditching[ D ].
Zhejiang Sci-Tech University,2017. (in Chinese)
(9] TSR, X0 o 81 7K, A8 B R AR AL/ GE AR ML D0 AL Bt 53R [T ] Al HLAR 2 $z ,2020,51(10) 51 - 60.

YIN Wenqing, LIU Haima, HU Fei, et al. Optmization design and experiment on eight-linkage planting mechanism of dryland



74

PSS A1 M | = O 14 20224

[28]

[29]

[30]

transplanter[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(10) :51 —=60. (in Chinese)
SUN L, CUL R, YANG W, et al. Automatic synthesis of the complete set of contracted graphs for planar kinematic chains with
up to seven independent loops[ J]. Mechanism and Machine Theory,2021,156; 104144.
DING H, HOU F, KECSKEMETHY A, et al. Synthesis of a complete set of contracted graphs for planar non-fractionated
simple-jointed kinematic chains with all possible DOFs[ J]. Mechanism and Machine Theory, 2011, 46(11) . 1588 - 1600.
DING H, Z1 B, HUANG P, et al. The whole family of kinematic structures for planar 2- and 3-DOF fractionated kinematic
chains[ J]. Mechanism and Machine Theory, 2013, 70:74 -90.
RAJNEESH K R. A new algorithm of links labelling for the isomorphism detection of various kinematic chains using binary
code[ J]. Mechanism and Machine Theory, 2019, 131.1 -32.
RAJNEESH K R, SUNIL P. Kinematic chains isomorphism identification using link connectivity number and entropy neglecting
tolerance and clearance[ J]. Mechanism and Machine Theory, 2018, 123 .40 - 65.
JIIFE. e LM HIM]. deat: EAR R A, 1984 3 -20.
DING H, HUANG P, YANG W, et al. Automatic generation of the complete set of planar kinematic chains with up to six
independent loops and up to 19 links[ J]. Mechanism and Machine Theory, 2016, 96.75 - 93.
YANG W, DING H, KECSKEMETHY A, et al. A new method for the automatic sketching of planar kinematic chains[J].
Mechanism and Machine Theory, 2018, 121.755 —-768.
YANG W, DING H, LAI X, et al. Automatic synthesis of planar simple joint mechanisms with up to 19 links[ J]. Mechanism
and Machine Theory, 2017, 113.193 -207.
TR B, I8, AR B B PN IR TR SRR AR B R AR T LS BT ] AL R & A4k, 2006,30(1) <10 - 13.
DING Huafeng, HUANG Zhen, LIU Ligai, et al. Computerized sketching of topological graphs of kinematic chains and
obtaining of characteristic representations[ J]. Journal of Yanshan University, 2006,30(1) :10 — 13. (in Chinese)
AR, R T ENE M A LS NS VLM B LR 5 A0 BT [ D] AT VL H TR 52,2019,
LU Fuwei. Structural synthesis and innovative design of drilling arm mechanism of rock drilling robot based on graph theory
[D]. Hangzhou: Zhejiang Sci-Tech University,2019. (in Chinese)
WRatfie , BRI, ok, A5 SR R R ML AR B 5 4847 R A8 RN S BT 5 R [T . R0l T #2274 ,2013,29(8) : 18 - 26.
CHEN Jianneng, HUANG Qianze, WANG Ying, et al. Parametric analysis and inversion of transplanting mechanism with
planetary non-circular gears for potted-seedling transplanter [ J]. Transactions of the CSAE,2013,29 (8):18 - 26. (in
Chinese)
WA ZE KRR AR R K - T DLA AR Fh 25 A B S AE DL Q0 Bt Ry B M. Je st B4 ik 2016013 - 18.
SUN L, CUI R, YE Z, et al. Similarity recognition and isomorphism identification of planar kinematic chains[ J]. Mechanism
and Machine Theory, 2020, 145.103678.
HE L, LIU F, SUN L, et al. Isomorphic identification for kinematic chains using variable high-order adjacency link values[ J].
Journal of Mechanical Science and Technology, 2019, 33(10) ;4899 —4907.
AEME VB A X e, A AT A A sURME AU L 5 IR [T ] AR AU 24 2 ,2014,45(1) « 52 - 56.
FU Pengyang, HU Jianping, LIU Fa, et al. Simulation analysis and experiment for gear-linkage-cam combination planting
mechanism[ J]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(1) :52 - 56. (in Chinese)
AT LL, BRI, AR, . KRIEAT 50 R B SRR M B AU AT 5188 [ T ] A AU 24 ,2015,46(7) <38 - 44.
YU Gaohong, LIAO Zhenpiao, XU Lehui, et al. Optimization design and test of large spacing planetary gear train for vegetable
pot-seedling planting mechanism[ J]. Transactions of the Chinese Society for Agricultural Machinery,2015, 46(7) :38 - 44.
(in Chinese)
TERPE, SR — SR , 55 i 08 Y 2 e ity g W SO A LA D Ak e 5338 [T ). RO HLBRF 41 ,2020,51(6) :65 —72.
YIN Daqing, ZHANG Nuoyi, ZHOU Maile, et al. Optimal design and experiment of high speed duckbill planting mechanism
with variable catch-seedling attitude[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(6) :65 —72.
(in Chinese)
WRdtfg, EAM AR B 5. BERAERAUR  MUALIZ S F AL S, 52RO [T AU 24 ,2010,41 (12) 248 - 53.
CHEN Jianneng, WANG Bohong, REN Genyong, et al. Kinematics modeling and parameters analysis of seven-linkage
vegetable seedling transplanting mechanism|[ J]. Transactions of the Chinese Society for Agricultural Machinery,2010,41(12) .
48 —53. (in Chinese)
W 4% IV AR, B i S BOTAT Z AP R AL B S e A 5B [T ] Rl T AR 2= 40,2014 ,30(17) « 25 - 33.
XIAO Mingtao, SUN Songlin, LUO Haifeng, et al. Kinematic analysis and experiment of dual parallelogram multi-pole
planting mechanism[ J]. Transactions of the CSAE,2014,30(17) :25 -33. (in Chinese)
B DRE X B e, i AR, 45 i S BR A A R WU AT R A LAY 2 B AR PR AL BEIT [T ] R AL =4 ,2015,46 (11) 149 - 56.
LIAO Qingxi, LIU Mingfeng, ZHANG Zhao, et al. Multi-objective optimization design of double five-link transplanting
mechanism for rape pot seedling[ J]. Transactions of the Chinese Society for Agricultural Machinery,2015,46 (11) :49 - 56.
(in Chinese)
HAAT AN, SRR, S AT R R AL AL S [ T] . AL AL 4] ,2018,49(11) : 78 - 86.
HU Jianping, PAN Jie, ZHANG Chendi, et al. Optimization design and experiment on planetary gears planting mechanism of
self-propelled transplanting machine[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(11) .78 —
86. (in Chinese)



