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Design and Experiment of Transplanter Electric Drive Double Group Seedling
Cup Common Rail Type Separating Seedling System
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Abstract; Aiming to address the seedling leakage issue caused by missing seedlings in fully automatic
pepper tray seedling transplanters, the seedling separation process of the transplanter was analyzed and a
dual-seedling cylinder independent drive system with empty-cell replenishment for seedling separation was
proposed, aiming to minimize missed planting. An electric drive double group seedling cup common rail
type separating seedling system was designed. The two sets of seedling cylinders operated on identical
trajectories. While one set remained stationary to receive seedlings, the other set can continue performing
seedling-dropping operations or execute empty-cell replenishment tasks, ensuring a continuous supply of
seedlings to the planting device’s duckbill mechanism. An optical fiber identification sensor was selected
for seedling absence detection, and a PLC-based automatic control system was established to acquire the
sensor output signals in real time. Based on the determination of the empty-cell state derived from a
binary threshold algorithm, the system triggered the actuator to initiate accelerated motion for empty-cell
replenishment operations. With planting frequency, air supply pressure, and the status of the detection
and compensation function (on/off) as experimental factors. The trial evaluated transplant failure rates
and duckbill seedling reception rates of the planting device to identify optimal parameter combinations,

followed by field validation. Results showed that under the combination of 120 plants per minute planting
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frequency and 0. 4 MPa air supply pressure with detection and compensation function was disabled, the

average duckbill seedling reception rate was 86.46% . When the detection and compensation function was

activated, the rate was increased to 98.27% ,

demonstrating a significant enhancement in seedling

reception efficiency. This research can provide valuable insights for the development of seedling

separation devices for chili pepper tray seedlings.

Key words: transplanter; plug seedling detection; empty cup refills; seedling separation mechanism
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Tab.2 Transplanter planting test scheme and result

i3S BEH A
=2 A/ RWR W R
(B -min~") B/MPa ¢ 0/ % N/ %
1 80 0.4 i 2.5 100
2 80 0.5 H 2.5 100
3 80 0.6 PiRG 5.0 100
4 100 0.4 PidG 2.5 100
5 100 0.5 i 2.5 100
6 100 0.6 PiNE 7.5 97.5
7 120 0.4 PIRG 5.0 100
8 120 0.5 TF A 5.0 97.5
9 120 0.6 i 7.5 97.5
10 80 0.4 KA 5.0 97.5
11 80 0.5 Bl 2.5 92.5
12 80 0.6 P3| 5.0 92.5
13 100 0.4 Pl 5.0 92.5
14 100 0.5 X H 2.5 95.0
15 100 0.6 M 5.0 90.0
16 120 0.4 Xz 4] 7.5 90.0
17 120 0.5 Xz 4] 5.0 90.0
18 120 0.6 KA 7.5 87.5
x3 WESW
Tab.3 Range analysis
b HHR K, K, K, W2 R BHAKF
A 3.75 4.17 6.25 2.50 A,
B 4.58 3.33 6.25 2.92 B,
¢ 4. 44 5.00 0.56 C,
Fik B.A.C
A 97. 08 95.83  93.75  3.33 A,
B 96. 67 95.83  94.17  2.50 B,
N 99.17 91.94 7.23 c,
Fk C.AB
FR4 FEHW
Tab.4 Range analysis
b R FHM BHME B F P
21.492 2 10.746 10.353  0.002 4 **
B 25.756 2 12.878 12.407  0.0012*
Q C  1.411 1 1.411  1.359 0. 266 4
R 12.452 12 1.038
MR 61,111 17
A 33.956 2 16.978 6.606  0.0116°*
B 19.422 2 9.711  3.779 0.053 4
N C 235.228 1 235.228 91.528 5.7 x10°7*

iR 30.834 12 2.570
SR 319. 440 17

e owx RN ML B FE (P <0.01), * R/ARZ W i F (0.01 <
P <0.05),
AR HAEE P e PERE, 2025 24 H 19 B, 7E5r
SEEMNEEE TR S T AR . AR e

SR TT S A R T B 0.4 MPa, HAT OB
WA 120 Bk /min, B A4 40 181 11 s
ks Al ARl I“\ =7 § i

B
Fig. 11
WIS ER 300 R 2 4 AR o PR 12 HE
BRYE A CMBEAL E 10 4bas o0, H 2 41 H T a5 91
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Tab.5 Close and open detection and compensation function to move transplant test results

WA L g K #b Ty i 56 1 Kb T eI I
Wi, FE ;;///T\ WA SR AU B R ARRIERTSME STBRAS AR S ARERAN  AJUERTS B R AR R RE NG uE
(Bf-min ") A /A He/ A WK/ % FEWR/ % A oA~ /A W/ P PR %
1 96 10 14 82 4.65 85.42 14 12 94 4. 65 97.92
2 96 10 12 84 2.33 87.50 13 12 95 3.49 98. 96
120 3 96 10 13 83 3.49 86. 46 12 10 94 2.33 97.92
SEHIE 96 10 13 83 3.49 86. 46 12.7 12 94. 33 3.49 98.27

# Win CC 4B 1F T 58 B m 4=l 280 . R 4¢
R FI DG 41 2 S 2 08 v POIR 2 R A7 S5 I Az 0, RE 608 7
58 2 MR B 45 05 5 A B O 3 G ok o 42 1) R
R 9K 8l A0 2 BIL IR AT 25 AR 3 AR A

(3) DB B 2R W A3 AR i 1S W 42 % O il
R AR, DUBCBE T R BSOS RE Y TS
AR B R, JF R T IE 5, 7R 2 AT kAR E

BORR BB S B G 08 - BB R 120 B/ min |
HEAUETI 0y 0.4 MPa JF R Kb S RE. LEE T AE
SR G AT R B R B E . 45 R R W], IF )
Kk I RE , V- 25 R AR & 19 5 4 1 R 98. 27% , U4 i
KW B 0 4. 65 %  AREL TR #b D E 5C H AR AR &%
TIES W 7 A< 08 T 1. 81 AT 23 A, AL 45 6 I e
R FRTE W AT bR HEEOK
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