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Design and Experiment of Hole-forming Drill Bit for Cellar Type Transplanter
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Abstract. At present, the hole formed by the pit-type transplanter has poor stability, which is easy to
collapse, and the soil backflow is serious. Aiming at the transplanting characteristics of the water flushing
well cellar type multifunctional transplanting machine and the agronomic requirements of well cellar
transplanting technology, in order to improve the quality of the hole and reduce the rate of seedling
leakage, a hole-forming drill was designed, and its main structure and work were expounded. Mechanism
and perform performance tests were carried out. The burrowing process was divided into three stages.
Through the research methods of dynamics and kinematics, the force of soil particles in each stage was
analyzed, the key structural parameters and operation parameters were determined, and the relationship
between the key operation parameters and the burrowing quality was clearly analyzed, and the burrowing
was improved. Taking the number of soil particles in the grid bin group as the response index, a discrete
element simulation experiment was carried out, and the value range of each factor was determined by
statistical analysis of the least significant difference; a quadratic orthogonal rotation combination
experiment was arranged, and the Design-Expert software was used to analyze the test data, and the order

of the influence of each factor on the index value was obtained. The results showed that the drill bit
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diameter was 100 mm, the pitch was 75 mm, and the rotational speed was 350 r/min. The device had the

best performance. The depth of the hole and the diameter of the hole were 182 mm and 80.7 mm,

respectively. The optimization factors were tested and verified, and the test and optimization results were

basically consistent, meeting the agronomic requirements of well cellar transplanting.

Key words: transplanter for crops of hilly mountains; well cellar style; acupuncture device; discrete

element method ; components in contact with soil
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Tab.2 Indicators of well cellar transplanting machine
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Fig. 12 Variation curves of soil particle number in

Grid Bin Group at different rotational speeds
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Tab.3 Test bench parameters

K x 9 x &/ (mm x mm x mm) 2350 x 1500 x 1250
H AL &R/ kW 3
THREATFE/mm 350
FTXHE B /mm 500
CAEFT 8/ 47 1
CEE 3 M€ % ¢ Ve 4

4.1 RWEERSER

38 3 07 LA AT A5 B 45 00 PR 2R R ) - T A Y
FUAE i B2 B e B ke 1Y B AL L AR IR R R
BRI R R AT IR BER E A A e K
W J 2 HAAE R IEM AT .

4.2 RBWAREHZE

545 IF BB R Y 5L bR oR LTI O H 1l 56
PR S F 9 R, ) B 2R MR E R B AR R
90 ~ 110 mm ., #2 §F 35 65 ~ 85 mm ¥ 3 % 300 ~
400 r/min, #£ 17 Box — Behnken i 55 , X} 4§ ¥7 1 i &
PESEAT 43T, 00 0 45 R 26 i 30 48 A 14 52 i B AR L A5
F RO E RS G . R R g Ak 4
No WM T EGERINZES TR, x, o, 2, N KD
1,

x4 RBERFD
Tab.4 Experimental variables codes
LSS
i - #
HA%/mm 12 HE /mm 5/ (remin ")
-1 90 65 300
0 100 75 350
1 110 85 400
X 25 R AT R mE 43, IR ik T 2 oS
BAUA B S IE R bR R B IR Y, RO A AR

Y, Il R 75 AR A 0
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Tab.5 Test scheme and result

X EES IFERE IFEER
9 5 X X, EN Y,/mm Y,/mm
1 -1 -1 0 174 76
2 1 -1 0 181 80
3 -1 1 0 182 71
4 1 1 0 182 90
5 -1 0 0 179 74
6 1 0 0 182 78
7 -1 0 1 178 72
8 1 0 1 177 84
9 0 -1 -1 181 78
10 0 1 -1 177 85
11 0 -1 1 169 84
12 0 1 1 181 84
13 0 0 0 194 92
14 0 0 0 196 95
15 0 0 0 194 93
16 0 0 0 195 92
17 0 0 0 195 93

H1 3% 6 R, g A AR 2 (P <0.01) . 4%
PR30 I TR R R B R R, vy oy, SRR
X 2 TR R B W) By T B R AR R AR
M S 5, 5 EL 0 H R B R P SR o S A R B W A
B3, HAR S IREE R 0 2, AR A R O
Fo TUERON TR R X O A 15 B R R R
JE 4 1T )9 J7 7 A

Y, =194.80 +1. 13x, +2. 13x, — 1. 75x, —

1.75x,x, — 1. 00x,x, +4. 00x,x, —
6. 53x? -8. 53x§ -9. 27x§ (28)

IR T7 R AU P =0.289 0 >0. 1, K~ 3%,
R 1 b AR R 3R A7 AE 28 1 R R

6 ARREFEHN
Tab.6 Variance analysis of well depth

Fe U -5 ¥Ir F P

F2 7 1095.33 121.70 130.06  <0.000 1"
% 10. 13 10. 13 10. 82 0.0133
%, 36. 13 36.13 38. 61 0.000 4 ™
X 24.50 24.50 26. 18 0.001 4 "
X, %, 12.25 12.25 13.09 0.008 5"
X0 4.00 4.00 4.27 0.0775"
20,0 64. 00 64. 00 68.40  <0.000 1"
x} 179.27 179. 27 191.58  <0.0001"**
X 306. 00 306. 00 327.03  <0.000 1"
0 362.21 362.21 387.10  <0.000 1
572 2.80 0.70

ER il 1101. 88

s wr RORFEMAIR 3 (P <0.01) 5 #+ RI/RF M 83 (0.0l <
P<0.05); R EIHB20.05<P<0.1), T,

Hi R 7 g R A T AR 2 (P <0.01) . 4%

X I8 BAR R W 0 ERIF R 2, v, vy, HLAR
X AR R ey S BRBE R MR A I
M) d 2, 32 HL TG A R R P S T AR B T B
STE NCREEEE 3 AL STE N 3 EECE LSS AR
Fo WCERUY A B O A B B A
A 0105 07 R
Y, =93.00 +4. 13x, +2.25x, +1. 13x, +
2.25x,%, +2.00x,x, — 1. 75x,x, —
9.00x] —3.25x; —7.00x; (29)
xRT HREERFESW

Tab.7 Variance analysis of well diameter

KR Rl bob F p
(i) 884. 69 98. 30 83.41 <0.000 1 ***
%, 136.13 136. 13 115.50  <0.0001 ™
%y 40. 50 40. 50 34.36 0. 000 6 ***
%3 10.13 10.13 8.59 0.0220"
X, %, 20. 25 20.25 17.18 0.004 3 **
X, %y 16. 00 16. 00 13.58 0. 007 8 ***
Xy %5 12.25 12.25 10. 39 0.014 6
X2 341.05 341. 05 289.38  <0.0001**
x3 44. 47 44. 47 37.74 0. 000 5 ***
x2 206. 32 206. 32 175.06  <0.000 1 **
P 6.00 1.50

Jeyill 892. 94

ZWE R P =0.7022 >0. 1, A %,
UE IR 50 48 A g0 PR R AR 8 I IR &R
4.3  in K7 g4 E S AT

Jor A& R 5l A8 br Z [H 19 2 R Xl 5e
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22 BLXE 5 TR B S e Ak e T, A0 B 14a
14b Fi7Rs . 1 14a 01, Y02 — g i, 20 0
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P, B R SR G T HE - 280 1 A P - g AUR R
AR ZE T H B A e O, i N Y UK A
A HE 2 b TR B D [ R 5 B O N 2 e —
R, 2 V% it R B o S 1 RS /N DR R A
AH TRV b B[] Py it o B8R B 385 m, i PN B A 2 A B
£ 1) A S U it L HE 2 v, 0 B 2 MR R A B8,
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Interaction analysis of evaluation index
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Tab.8 Measurement data of cavitation mm

e dp s I WE M AR
1 180 80
2 181 80
3 183 80
4 182 80
5 184 81
6 181 80
7 182 81
8 181 83
9 182 82
10 182 80
6 Zit

(1) it T I & B AR L T2 IR il TR

LS TR A e B R A L D R 3 AN B B
Fig. 15 Field cavitation SR BT Y O i DR 3RO AR R IR L

2 MREE N TARRE B, B T B2 B E I ke A
T R R ) AR
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Fig. 16 Actually formed cavity section AR U I HE AT 1R 50 R 6 45 B W IR
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