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Parameter optimization and experiment of transplanting mechanism of
rice transplanter based on virtual response surface analysis

ZHANG Min, ZHANG Wen-yi* , Jl Yao, QI Bing
(Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract  The existing method to optimizing parameters of transplanting mechanism was usually blindness or
computational complex. Taking three separating planting arms of elliptic gear transplanting mechanism as an example,a
response surface regression model was built by adopting virtual central composite response surface experiment design,
of which planting-hole width at the row spacing of 140 mm, push seedling angle and track height were adopted as
objective functions, and centricity ratio of elliptical gear, teeth number, initial angle of planet carrier and initial angle of
planting arm were taken as design variables. An optimum parameter combination, which meets multi-constraint
conditions, was directly acquired by using optimization algorithm to solve the response surface regression model. The
three separating planting arms of elliptic gear transplanting mechanism was designed and trial-produced according to
the optimal portfolio parameters: centricity ratio of elliptical gear of 0. 18, teeth number of 23, initial angle of planting arm
of 15 and initial angle of planting arm of 25. The maximum relative error between the approximate value of regression
model with the precise value of the theoretical analysis model and the measured value of test-bed was only 0. 668 %
according to theoretical analysis and bench test. The result indicated that we could directly acquire the optimum
parameter combination to meet multi-constraint conditions by adopting virtual response surface optimization method. Its
computational accuracy was relatively high and it could improve the pertinence in selecting the parameters of
transplanting mechanism.
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Table 1 Coding of factor and level on virtual central composite design

% Factors

K X0 B 147 % A o 6

Level Centricity ratio of

X o 1 B 5 %6 4 4K
Teeth number of

elliptical gear elliptical gear

Xo AT RIRI IR 2L/ ()

X A A R/ ()
Initial angle of Initial angle of

planet carrier planting arm

—2 0.05 19
—1 0.10 20
0 0.15 21
1 0.20 23
2 0.25 24

7.5 12.5
15.0 25.0
22.5 37.5
30.0 50. 0
37.5 62.5
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Table 2 Testing program and results of virtual response surface analysis

EWoae M3 Factors Y RO /mm Y R/ () Y B0 /mm
Number X, X, X, X, Planting-hole width Push seedling angle Track height
1 0.15 21 22.5 12.5 12. 33 48.67 339.07
2 0. 20 23 30.0 250 17. 64 64.72 397. 41
3 0. 20 20 15,0 25.0 22,45 79.72 378. 33
4 0.15 21 7.5 37.5 27.36 88. 50 321. 91
5 0. 20 20 30.0  50.0 16. 56 89. 68 358. 52
6 0.10 23 15.0  25.0 20. 40 57. 40 304. 39
7 0.10 23 15.0  50.0 21,72 82. 39 283.57
8 0.25 21 22.5  37.5 31.55 95. 62 411.93
9 0.15 21 22.5  37.5 14. 95 73. 66 334. 31
10 0.10 23 30.0  50.0 13.16 66. 89 291. 55
11 0.15 19 22.5  37.5 10. 26 73. 66 318.72
12 0.15 24 22.5  37.5 22.35 73. 66 357. 80
13 0.10 20 15.0  25.0 10. 62 57. 40 280. 54
14 0.10 23 30.0  25.0 17. 32 41,99 299. 02
15 0.15 21 22.5  62.5 18. 68 98. 61 297. 83
16 0.10 20 15,0 50.0 13. 09 82. 40 259.73
17 0. 20 23 15.0  50.0 40. 64 104. 56 363. 02
18 0. 20 20 30,0 25.0 11.12 64. 75 374. 23
19 0.10 20 30,0 50.0 5.28 66. 94 268. 07
20 0. 20 20 15.0  50.0 33. 04 104. 56 339. 62
21 0. 20 23 30.0  50.0 21.28 89. 68 381. 30
22 0. 20 23 15,0 25.0 29. 96 79. 69 401. 84
23 0.1 20 30.0  25.0 6.06 42,03 275.51
24 0.05 21 22.5  37.5 11. 02 50. 75 226. 54
25 0.15 21 37.5  37.5 6.50 58.16 330. 56

TE AR H S8 D BRI 140 mm WA .

Note: The planting-hole width is the length when the row spacing is equal to 140 mm.
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Table 3 Variance analysis result of regression equation of the planting-hole width at 140 mm row spacing

75 5 R IR B 227 7 Al H Hi B Yo7 2% F i g fi EM P
Source of variation SS df MS F-test value P-value
A Model 1.952.82 11 177.53 316. 29 <<0.000 1"

X, 633.01 1 633.01 1127.78 <20. 000 1

X, 338. 77 1 338.77 603. 56 <<0. 000 1™

X, 653. 34 1 653. 34 1 164. 00 <<0. 000 1*

X, 68. 70 1 68. 70 122. 39 <<0.000 1

X X, 7.13 1 7.13 12.70 0.003 57

X, X, 78. 68 1 78. 68 140.17 <20. 000 1

X, X, 62. 02 1 62.02 110. 49 <20, 000 1™

X, X, 2. 04 1 2. 04 3.63 0.078 9

X, X, 27.35 1 27.35 48.73 <<0.000 1*

X,* 54.07 1 54. 07 96. 33 <0.000 17

X,? 4.56 1 4.56 8.13 0.013 6"
W% 2% Residual 7.30 13 0.56
M AH Total value 1 960.12 24

e TR FE P<C0. 001, »x FRR P F P<0.01, » iR EF P<0.05,

Note: **x shows extremely significant at P<C0. 001, *x shows very significant at P<C0. 01, * shows significant at

P<0. 05.
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(a) 2M4fiHL#4 Transplanting mechanism

(b) W5 F- &5 Test platform

1. i E Planting arm; 2. 2L 4 /& Transplanting mechanism box;
3. B4 Seedling box;4. ft[] Seedling door;5. +-##i Soil-bin
2 ZEESENMMERKRTES

Fig. 2 Transplanting mechanism with three separating planting arms and experimental platform
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Table 4 Numerical calculation value,calculated value by regression model and measured value of optimal objects

HRIE A R R

Numerical calculation value

IR 1 A5 A A
Calculated value by

B 5 S fE

Measured value

Ak A AR

Optimal objects

by theoretical model regression model by test-bed
JR /T H T8 B /mm 27.039 3 26.822 1 26.9
Planting-hole width
MR/ O 75.327 8 74,999 2 75.5
Push seedling angle
B3 5 JE /mm 385.047 8 383.422 0 384.8

Track height

FRYS A AV BUE T 50 E AR R BORS B0 {8 5 3L T
L0 7 1T 43 A A4 T U R Y S 5 (E AR E R R 140
mm B 3 B 58 BE 4 A R 25 R 0. 80306, HE Bt
F1 R BRI 22 O 0. 436 %, B8 75 B A M G 3R 22
R 0,422 % 5 520 E 5 18] U5 B R - B (E AR L, Bk R
140 mm B4 R 5T T AR XFHR 25 2 0. 290 %6 . 4 B £
JE R X R 22k 0. 668 %40, LI i B Y A xR 22 0
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HHO R 28 B/ A 5 £ S0 - (el U A R T A
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VEVASE R SR Ak B9 S0 AR AILAG S R 5 4 1 R 2R A
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