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Design and Experiment of 2-DOF Clamp-type Manipulator
for Transplanting of Rice Potted-seedlings

Ma Ruijun Fan Yuanjun Huang Qian Huang Mushui Zhang Yali
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract; A new kind of 2-DOF clamp-type manipulator was developed relying on the feature and
principle of 2-DOF manipulator for automatically pulling up and transplanting multiple cell-tray potted-
seedlings. The characteristics of operating targets, main structure and control circuit of the manipulator
were described. The key component of seedling clamp mechanism was designed, and 3D structure model
was established and virtually assembled by using Pro/E. Dynamics simulation to the seedling clamp
mechanism ensured the reliability of its opening and closing process. Preliminary performance experiment
was conducted on a program controlled prototype platform. Four related factors were considered,
including the type of cell-tray, moisture of soil ball, extending force of clip’s spring and feeding mode of
cell-tray. And the effect of above factors on the evaluate index of successful pulling up rate of the
manipulator was analyzed. Results showed that type of cell-tray and moisture of soil ball both had very
significant effects on successful pulling up rate (P <0.01), while no significant difference for both
extending force of clip’s spring (15,22 N) and feeding mode of cell-tray (P >0.05). When the
extending force of clip’s spring and feeding mode of cell-tray were unchanged, cultivating the potted-
seedlings by using red tray or maintaining moisture of soil ball of potted-seedling above 30% can increase
successful pulling up rate. And the performance of seedlings automatic transporting and feeding
mechanism can meet the requirements of transporting and feeding cell-tray potted-seedlings row-by-row.
The results provide a useful reference for subsequent optimization on manipulator’s performance.
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Fig. 1 Picture of plastic tray
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Fig.2 Schematic diagram and photograph of 2-DOF clamp-type manipulator experiment
platform and its control circuit
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Fig.3  Structure of seedling clamp mechanism
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Fig.7 Distribution of seedlings on surface of cell tray after experiment
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Tab.2 Experimental results of pulling potted-seedlings performance ( manual feeding)

‘ [ % Bl T e bt ‘
. A EAKE, OIS MRS R JRMGE DO RN NeREGE
s % R Ji/N BT BoRoR /R /5% /5% /5%

1 1 >30 (35.48) 22 29 30 126 9 0 47 67.63
2 1 >30 (35.39) 15 29 34 109 21 0 60 52.07
3 1 <30 (23.88) 22 29 51 56 3 2 94 34.87
4 1 <30 (27.10) 15 29 46 39 10 6 112 18.47
5 I >30 (35.08) 22 23 17 64 1 1 56 52.07
6 I >30 (33.23) 15 23 14 65 6 1 58 47.58
7 I <30 (26.60) 22 23 29 18 1 2 88 16.51
8 1 <30 (29.63) 15 23 23 14 1 9 92 11. 30
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Tab.3 Experimental results of pulling potted-seedlings performance ( automatic feeding)
. EES T S 4k L )
Y : . = i e Bk
. e gk, Bk Mgy REAGE  BRBGE  RREGE SRR RIREGR %
A % hrfg J3/N Kot/ 17 /7K /K /K /9K /7K

9 1 >30 (35.06) 22 29 98 82 8 0 23 70. 48
10 1 >30 (37.23) 15 29 108 82 6 0 13 80. 00
- 1 <30 (28.41) 22 29 54 41 5 2 106 24.16
12 1 <30 (28.16) 15 29 58 43 3 1 101 27.59
13 I >30 (34.34) 22 23 23 65 17 0 50 41.74
14 I >30 (34.84) 15 23 14 52 4 0 72 38.71
15 I <30 (17.55) 22 23 33 3 0 19 83 2.86
16~ I <30 (17.75) 15 23 26 0 0 7 105 0
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Tab.4 Analysis results of MANOVA

FIFEOL T 38 T B 0 AT A Gk O I R B, ) S A R B B B 4K

P e i i A 7 B R B Yy R 2 R OR B E
(P>0.05),

M L3R A3 B AT DAAS SR T & a4
RS KR IR B KT 30% ¥y ] 42 5 e 7 UHL T
PR B 2, T 2 2 7E e B AILAL - Ay Bk e 5 3
fifi 37 15 N F1 22 N [a] 22 3y, DA Kk F 2 Ao ik
SR 6 E 2 R, B AN S 0 e - LA T R R
IEIESCI A ES AN

5 #Hit

(1) gL W], Fristitny 2 A i e 7 XL
FRBL T AE A ShFEH PRI T 1 N e AN [F) 2 B XA

WERW AR AmME F P T

MR 1691.266 1 24.777 <0.01" FBUKARBR Y H A5

BEh sk 6182677 90. 576 <0.01° (2) LA 57 R 2R W], 70 5E SRR PR - 35 7K %
BRI 74,823 1 1.096 0.318 2 A B T SN T B B R B ORI
B 13988 ! 0.205 0.660 - Wi, R R T A B IR AF AR R BR £ S OK R KT
e 750.854 11 30% ] LA A B 2 R

B 30178.786 16
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i AR R, A I R RIBR £ 55 K R X 4k
BB ) 2 S A . 3 (P < 0.01) , o 4% ok 25 45 50N
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PRACR 5 0 AN S 35 R B 3l ik R 45 R 48
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