201849 f N A1 =2 5 49 % 559 W]

doi;10. 6041/j. issn. 1000-1298. 2018. 09. 006

ETEFHMENASE EBHENEIZTERE

REE GEH BEEE £ B AR
(1. Rt R T RSB FARIE 1500305 2. LRGN HLIEELETF5E 5, 5 250100)

WE: HXAS A TR SRR TR BRAR 55 3hi AR A B E BRI E &SRR B R SR, h iR
IEPFS R HUAL RS R 1 38 S50 PF S RERATE I S R AE 7= R " SR I AR 220K i T —Fh 1A 2
RN, 7 AT T O LY R 24 F0 B B2 sh 29 AR BLht T, 25 B HLA 2 sl AR R Matlab #ES7
NHILAE B AT A4k Ae B ST 5 15 B O A TR T 2 R AL 88 iy 190 DX I 20370 53 A ARk RN LAY 2 50 AT 18 o 138 B 30
PIRE AL AR AU A2 S 2K | 3B B G L AT 200 R FH S I L B R BOR 1 AL & A S8 38
LA — S RIEY EUR 5 HT RGN B PSR S WA IE S EOM R FRIE S80I WA 28 & 28 FEPLIK S
GBI  ET HATHOUE A PSR R HLAG AL 6 B PF S R 3k 2528 K 1Y [ B R AR IR P 2 40 1 B 36k 1 R TH AR
T ST CRER AR &, FFS RN ISL T B8N 97.3% SIHRR RN 94.0% JmHkHN 2. 5% ARIEAE
FRECN 6. 5% AAHRE GHFE N 94.6%

KR 15 W EBH,; TN ; SR

FESZES . $223.94; THII2. 1 CHERFRISED: A XEHES: 1000-1298(2018)09-0055-11

Design and Test of Transplanting Mechanism on Mulch-film of
Salvia miltiorrhiza Based on Five-bar Mechanism
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Abstract; In order to solve the problem that artificial transplanting of Salvia miltiorrhiza with
disadvantage of low efficiency and quality, high labor intensity, and the existing transplanter is not
suitable for transplanting nude-seedlings of Salvia miltiorrhiza, and to ensure the ereciness rate of
mechanized transplanting naked-seedlings of Salvia miltiorrhiza, a kind of five-bar Salvia miltiorrhiza
transplanting mechanism was designed,on the basis of establishing the working-conditions constraint and
free movement constraint condition of five-bar mechanism and combining the kinematic model, the visual
auxiliary interface of the human-computer interaction was established by using Matlab ( Matrix
Laboratory ). With the help of the auxiliary interface, trajectory location method was used to study the
regional trajectory distribution characteristics of the implant endpoint and the influence of the mechanism
parameters on the trajectory, according to the trajectory requirements of mechanism, the parameters of
five-bar mechanism was got to meet the transplanting requirements of Salvia miltiorrhiza through the
numerical cycle comparison method. LA —S series plant image analysis system was used to measure the
morphological parameters of Salvia miltiorrhiza, the parameters of duckbill transplanter was designed
according to it. Prototype test showed that the transplanting mechanism of Salvia miltiorrhiza based on the
five-bar mechanism could meet the requirements of transplanting Salvia miltiorrhiza which can ensure the
high-lift trajectory,the operation quality and seedling rate of Salvia miltiorrhiza ,the seedling qualified rate
was 97. 3% ,the excellent seedling rate was 94% ,the leakage rate was 2. 5% ,the plant spacing variation
coefficient was 6. 5% ,and the planting depth qualified rate was 94. 6% .
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mechanism of Salvia miltiorrhiza
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Tab.2 Influence of /,, /s, 0,, 05, L, l,,, 6, and 6, on

absolute motion trajectory parameters of planting

apparatus endpoint

N SRR
GIRE 2 5 -
hl/mm :Bl/( ) 1/ mm (Xl/( )
80 110.3 106. 2 34.1 67.5
90 130.5 97.2 27.6 75.9
l,/mm
100 150.3 90.2 22.3 82.3
110 169. 8 84.8 17.8 87.4
50 160. 1 84.6 28.8 87.7
60 150.3 90.2 22.3 82.3
ls/mm
70 140.0 97.2 17.5 76. 1
80 129.2 105.6 15.2 69. 2
120 150. 3 90.2 22.3 82.3
130 169. 8 90.5 32.2 79.4
13/ mm
140 188.9 90. 8 44. 1 75.3
150 207.6 91.1 58.5 69.5
234 150. 3 90.2 22.3 82.3
244 144.5 93. 1 26.9 79.4
l1p/mm
254 137.5 95.7 30.7 76.7
264 129. 4 98.5 34.2 74. 6
80 154. 1 93.6 46.7 84.6
90 150.3 90.2 22.3 82.3
0,/(°)
100 148.7 84.4 0.35 82.0
110 149.2 77.1 16.8 84.0
94 149.2 77.1 16.8 84.0
104 148.7 84.4 0.4 82.0
0s/(°)
114 150. 3 90.2 22.3 82.3
124 154. 1 93.4 46. 8 84.6
40 192.3 86.9 32.1 81.5
45 150. 3 90.2 22.3 82.3
0,7(°)
50 106. 6 9.1 17.1 82.3
55 59.9 99.2 14. 1 81. 1
80 147.7 90.3 18.9 83.1
0,/(°) 90 150.3 90.2 22.3 82.3
100 145.6 90.5 24. 1 81.8
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Fig. 15 Flow chart of conditions constraint and parameters solution
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Fig. 16  Endpoint trajectories of planting apparatus to

meet agronomic requirements of Salvia miltiorrhiza
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Fig. 17  Three-dimensional model of five-bar

transplanting mechanism of Salvia miltiorrhiza
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Fig. 18  Picture extracted by LA — S image processing

system for plant
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Tab.3 Measurement data of plant morphology

of Salvia miltiorrhiza

MWL ESE SN H/ME
MRIEHES 0,/ (°) 16.7 11.5
MWK [, /mm 156.7 144.5
MWE d/mm 6.3 4.9
FERR S BE £, /mm 211.5 185. 4
FEPRIR 58 b/ mm 81.2 73.8
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Fig. 19  Test platform
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Fig.20  Actual measurement relative motion of

transplanting mechanism
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Field transplanting test
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Tab.5 Measurement data of seedling erectness

rate of Salvia miltiorrhiza

R A% R AW R

-
ORI s mm mm w0
1 200 6 194 185 97.0 92.5
2 200 7 193 188 96.5 94.0
3 200 3 197 191 98.5 95.5

FHE 200 5.3 194.7 188 97.3 94.0

R6 TEBHMRENELHSE

Tab.6 Measurement data of main transplanting

performance
BRI ik (N Hﬂ%?“’i‘ﬁ'* FRAMIR L
/% % 2R/ B %
1 200 1.5 3.0 7.3 92.3
2 200 2.3 3.5 6.5 94.8
3 200 3.8 1.5 5.8 96.7
SEHIE 200 2.5 2.7 6.5 94.6

R 5 N PYS A ) S R R, LS
R AN 97. 3% i J2 5 M RS BB T M A o

HRORLAE B S7 1 R EOR S R R RIE 94%
WP SRRETEAR B SL R EOR 3R 6 W B M
PEREI Rt , B 1k BE 1l 2 S M RS AR AU A Ml b
HEFPRUE RPERERE IR, TR AR 29 (E O 2. 5% , IR
HVIIEN 2. 7% , 1 AR 1) JE R 38 53 ) 2 ol
PR BT, 75 0] i e v R AL 8 P 45
AL 1A P2 R 1005 L 1 e v AR R ; BRI
A5 RO MER 6.5% , 2 th THLasAE ML 2 &
A Bl TR AR AR TR A% RPN 94. 6%
FEHE R R R R e FH B AR DL SR 28 g iR 2%

1.
5 #ig

(1) RGBS BRI K BRI T —Fh TAT
APSBRIG IS T HLR BT Ab T 00 i 290 2%
F A RIZ IR, 245G PUHEE Bl 2 BORR
Matlab JT % 1 AHLAZ B w] AL A0 B 5 1T, e 2k A B
3H B J5 AT Pl e B2 o B, R 3R AT T AL
SR BH SOV TG I8 SR AL 2 AL X N 266 6] 1 Sl i e )
SRR

(2) 15 Bl iy B 5 T 3 P B8 DX 38 £ A B
PHBOE L T — i RS M AR 2
K F RAE P2 5 BRI S A S, =
290 mm ./, =100 mm ./, =120 mm [, =231 mm [, =
60 mm ./, =229 mm ./, =243 mm, /; =100 mm [, =
45 mm 6, =45° .6, =90° .6, =114° .6, =90° .6, =90°,

(3)iz ] LA - S RIVEMEE T R GEXTHE S
MR MIE SR AESBGEAT 1IN RIS AE SRS
B T RAARIGWE BT SR MY B 212 mm 1
WEHETEHE A O 170 MSWE T L IF A 82 mm,

(4) WFRIRELEEAT T I LR, 45 2R R W AT
KPS RBMMI S BA%HN 97.3% SLEER R
94, 0% AN 2. 5% FRHAL R REN6.5% |
FAVRIE BAK N 94. 6% , i 12 PFSFh v L v 1
PR A R Al ot AL i R 20K

£ % x o

1 A, ook, FHS M S i IR e SR ERTSE[ ] . 3SR 2510798 5 920k, 2004 ,18 (1) <15 - 17.

JIANG Chuanzhong, WEI Xinrong. Study on the choice of cultivation area of Salvia miltiorrhiza Bge. [ J]. Research and Practice of

Chinese Medicines,2014,18(1) :15 —17. (in Chinese)

2 FREB SR, AT AR, S T PSR AR R RGN ()] LR B2 R4, 2012,26(3) 24 - 31.
GUO Yuming,ZHANG Chi,ZHA Qinglin, et al. “Compound salvia droplet pill” for treatment of coronary heart disease :a systematic
review[ J |. Journal of Shanghai University of Traditional Chinese Medicine,2012,26(3) ;24 —31. (in Chinese)

3 ZTTL IR S TEAROCHEEORBETE [ D], 57 R « I AR TP R 247K %%,2008.

JIANG Weiwei. Study on the key technique for good agriculture practice of Salvia miltiorrhiza Bge. cultivated in Shandong[ D ].

Ji’nan ; Shandong University of Traditional Chinese Medicine,2008. (in Chinese)
4 IMESKER  mB G PSR S RS EORIF R BUR KRGS T ] IR RO ARL 2 ,2005,28(6) 173 - 74.
5 FEF XER. WREFSHAM IR G R ERRT]. IR RE 2012,44(8) 131 - 132.



%59 el 45 T IATILA A S BRI BT 5% 65

10

11

12
13

14

15

16

17
18

19

20

21

22

23

DBI13/T 758. 7—2006 Jo/~2EH 2544 HE AL =3 R MUAESS 7 #84 . F+5 [ S]. 2006.
3K 2130 PSRRI RO HOR [ )] SRR ,2013,17(2) 138 - 139.
S AR TR REME, . SO R B SR B AR B SO R )] Aol T4 ,2014,30(14) .8 - 16.
ZHAO Yun,FAN Fulei,SONG Zhichao, et al. Design and simulation of inverted vegetable pot seedling transplanting mechanism with
conjugate cam[ J]. Transactions of the CSAE,2014,30(14) :8 - 16. (in Chinese)
ARG, FANIE, 5. 2ZFS — 1A B YRR R AL G [ 1], Rolk TR 2% 417 ,2012,28(2) ;36 - 41.
CUI Wei, LIU Shuangxi, GAO Lijuan, et al. Development of 2ZFS — 1A multifunctional tobacco transplanting machine [ J].
Transactions of the CSAE,2012,28(2) :36 —41. (in Chinese)
KB EASEIT, B A5 AR R U A AR R SRR SE[ ] Rl T R4 ,2015,31(1) .79 - 88.
LIU Mingfeng, HU Xianpeng, LIAO Yitao, et al. Morphological parameters characteristics of mechanically transplanted plant in
suitable transplanting period for different rape varieties[ J]. Transactions of the CSAE,2015,31(1) ;79 —88. (in Chinese)
WRAEERE, 0%, BRI, 5. SRETR AL ATE MR 4 5617 B R A AU L S5 [ ) ] 4l TA2"#4 2013 ,44(10) ;52 - 57.
CHEN Jianneng, WANG Ying, HUANG Qianze, et al. Optimization and test of transplanting mechanism with planetarydeformed
elliptic gears for potted-seedling transplanter[ J ] . Transactions of the CSAE,2013,44(10) ;52 - 57. (in Chinese)
PIME BRVERE, 5 SO IUBUSREL M. 7 R b st m S 208 e, 2011,
SR A7. W TATAL S P S RO BT [ D] PR 2422412, 2013 ,33(6) 1727 - 730.
MA Liang,SHI Ning. Gear-5-bar combination mechanism’s kinematics characteristic simulation[ J]. Journal of Xi’an University of
Science and Technology,2013,33(6) ;727 —730. (in Chinese)
0795 . Ve AT HUAR L ith 2k A2 R GE IR [ 0] . HLBRH & 5 05,2006 ,35 (1) :59 - 61.
FANG Fang. System of path generator for gear five-bar mechanism|[ J ]. Machinery Manufacturing and Research, 2006,35 (1) .
59 —61. (in Chinese)
By 42, o, XIR . 4 48 AT LS S BB Ul B iE R o [ 1] . RHEL IR 34,2014 (19) 229 -31.
TAO Jun,ZHANG Rui, LIU Chi. Study on the method of realizing preconceived track by geared five-bar mechanism [ J]. Science
and Technology Innovation Herald,2014(19) :29 —31. (in Chinese)
AT/ FIETI, BREERE , 45, SUIAR FAT AR LA 12 2h 52 0 B [ T]. T3 TS24 (AR ,2016,35(2) <198 —
204.
HE Xiaojing,SUN Xincheng, CHEN Jianneng, et al. Kinematic analysis on double-crank five-bar planting mechanism[ J]. Journal
of Zhejiang Sci-Tech University ( Natural Sciences) ,2016,35(2) ;198 —204. (in Chinese)
TR AARAE R E DT B . AR BT (B [M ], Jbat: th RO RAEOR T, 2007
2 W BRI . V- T AT LR SUIAR A7 78 9 FE BRI SE[ 0] MUBRL 7 5 4R ,2005,24 (1) 151 - 53.
LI Xuegang, HUANG Yonggiang, FENG Liyan. Study of the sufficient and necessary conditions for existence of double crank of
planar five-bar mechanism [ J]. Mechanical Science and Technology,2005,24(1) ;51 =53. (in Chinese)
ZERIGS MR M 2. IR AT AU R SR G SR [ 1] PRI TR SA2440,1999,15(14) .76 - 79.
LI Tuanjie, CAO Weiqging, CHU Jinkui. Synthesis of path generation of the geared five-bar mechanism by continuation method[ J].
Journal of Xi’an University of Technology,1999,15(14) .76 —=79. (in Chinese)
PRIMROSE E J F,FREUDENSTEIN F. Geared five-bar motion , part 2-arbitrary commensurate gear ratio minus[ J ]. ASME Journal
of Applied Mechanics,1963,30(2) ;170 - 175.
YU H,YUAN Z,GLIMARTIN M J,et al. Modelling and control of a slider hybrid seven-bar system[ C] // International Association
of Science and Technology for Development (IASTED) International Conference on Robotice and Applications,1999.:319 —323.
YU H. Modelling and control of hybrid machine systems—a five-bar mechanism case[ J]. International Journal of Automation and
Computing,2006,3 (3) ;235 - 243.
&8 M, L, 55 BARPLIAR R AR AL R 5 IR56 [ J/0L ], R HLK A2 ,2016,47 (5) :83 = 90. http: //
www. j-csam. org/ jesam/ ch/reader/ view_abstract. aspx? flag = 1 &file_no =20160512&journal _id = jesam. DOI; 10. 6041/]. issn.
1000-1298.2016.05.012.
JIN Xin,DU Xinwu, YANG Chuanhua, et al. Design and experiment on crank-chute planting mechanism of transplanting machine

[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(5) :83 —=90. (in Chinese)



