20204 11 A N A 1 =2 951 % BT

doi:10.6041/j. issn. 1000-1298.2020. S1. 018

7k B LA 3 5 I HE B 52 B i 1T S5l 3

mE®E # K OE #F & & BiHE
(LA BUBLR BB . 95 250100 2. 400 ¢ b RS 5002 BLO B2 . 15 210014)

FEE . FHT/K AL AE £ 53 1 22, ELAR b il 78 i BT T V8 4% 2R o 5 2t BRUIERLRG &5 B2 S FETT IS S A . 4
XL b )R, A SCBeTE T — Aok T AL AR AL 2R O o G B A R AT T A5 BT R R g o K AL
Al 25 ] HE S 0P 19 AR S A 0D 3 AN B B, 3 o 9 Bl 2 W08l Sy S k5 T7 A S A 1A% LA B BT R AE e i o] HE
FERB A A AR R3S, LA R 582 il AL 3 7 A B 0 DG B DRI 3, x5 2 B o AL OO O AR R MR BE 3 SRR AT
TR DUHENE 2 ST PR A8 5 A3 8O0 WA RE A8 bR, BEAT T SR 55 f] HE AT AT AR B BN B £ S O X f ) B
M2 S BTG AT B R T & R A BUE N 2 HE T R ST e 4 A e OF X 45 AT T 0 22 4 A
Wi S TG 23 A, B R T 5% W kA A BE I 48 TR A S0 iR R B/ O e IR EE AR AL THERSERE SR AR S A TR K 2
] (%) 11 99 J7 72 , 18 ] Design-Expert 8 {F X} 1 50 P 00 A6 R i, 662 T B0 TAF 2 B & O 08058 i 3% 4 56
120. 09 v/min , A% 23. 90 mm BEFE 21. 54 mm , 1Al AE 3 7 5 40000 O HEAL 19 2] 148 S RO 7. 18% o g Brise it
114 5 ) A AR A 2 1) 2 2 T K A 46 R AL B K A8 R A RS #B A AL B, 4T 1 T ) 38 TR, K & 2R R B, ML
5t 1 R e HIE AT 2R AR AR 3 2 AR, K T Bl 3 FESSCR M T TG AR A B HE AT AL

KRR KI SRBER IS A MREIHEAL s SRR BT M RE g

hE SRS S224.2 XERARIRAD: A X E %S : 1000-1298(2020)S1-0154-11

Design and Experiment of Mechanical Forced Fertilizing
Device for Paddy Field
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Abstract; The technology of deep mechanical fertilization in paddy field has been developed rapidly as
the research and development of special fertilizer for paddy field mechanical fertilization was mature. But
the uniformity of mechanical fertilization in paddy field was poor at present, some phenomenon was still
exist such as fertilizer bonding, overhead, ditcher blocked during the operating at the end of the furrow
opener. In view of the current problems, a mechanical forced fertilizer discharging device adopted with
the principle of screw auger forced transportation for paddy field was innovatively designed, and structural
design and performance test of key components combined with the agronomic characteristics of paddy field
mechanical fertilizer application were carried out. The working process of the forced fertilizer component
was divided into three stages. The status of fertilizers in the spiral forced fertilizer discharging device and
the key factors affecting the working performance of the device were analyzed by kinematics and
dynamics, three factors of auger diameter, auger speed and auger pitch of forced fertilizer discharging
parts were designed and calculated. The auger diameter, auger speed and auger pitch were taken as the
test factors, and the variation coefficient of fertilizer uniformity was taken as the response index, and
single factor bench test was carried out to determine the value range of each factor. The order of the
primary and secondary factors affecting fertilizer discharge performance was determined as follows: screw
auger speed, auger pitch and auger diameter by variance analysis, and response surface analysis were

carried out on the test results which analyzed by quadratic orthogonal rotation combination test. By using
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Design-Expert software, the optimal working parameter combination was determined as follows: auger

speed was 120. 09 r/min, auger diameter was 23. 90 mm, and auger pitch was 21. 54 mm, at this time,

the variation coefficient of fertilizer uniformity in the bench test was 7. 18% . A field verification test was

carried out by installing the designed compulsory fertilizer discharging device on the paddy field

machinery. The results showed that the mechanical compulsory screw fertilizer discharging device worked

steadily and had a low plugging rate, the anti-blocking effect was better than that of the fertilizer machine

without this part.

Key words: paddy field; screw conveyor; spiral forced fertilization; part design; performance test
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Fig. 1 Structural diagram of mechanical forced fertilizer
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Fig.4 Force analysis of fertilizer particle
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Fig.9 Effect of auger pitch on fertilizing performance
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Tab.2 Quadratic regression rotary experiment results

L= -
H% 5 7l L3 V/%
1 -1 -1 -1 12.6
2 1 -1 -1 8.4
3 -1 1 -1 15.2
4 1 1 -1 14.5
5 -1 -1 1 9.1
6 1 -1 1 6.7
7 -1 1 1 9.3
8 1 1 1 10.3
9 ~1.682 0 0 12.7
10 1.682 0 0 8.1
11 0 -1.682 0 7.4
12 0 1.682 0 13.3
13 0 0 -1.682 15.1
14 0 0 1.682 7.3
15 0 0 0 10. 1
16 0 0 0 10.4
17 0 0 0 10. 1
18 0 0 0 9.8
19 0 0 0 9.2
20 0 0 0 9.1
21 0 0 0 9.6
22 0 0 0 8.9
23 0 0 0 10.2

3.4 FEFHRHES SR MBI T EDHT
W3R 2 1) ZWROE A Tig i 4 A i g 25 21, AL
Design-Expert #{F#E 47 Z Uk 0] 19 73 87, 45 2 HENE 1
SIVEAR Ry B RN H D5 R
y =98.24 —3.99x, —0. 08x, —3.20x, +
9.58 x 10 *x,x, +0.05x,x, —6.81 x 10 ’x,x, +
0.03x] +2.64 x10 *x2 +0. 06« (30)
X% [ UE 5 e B A5 R B AT B PR B
25 P70 HE R 2 20 P 28 S R RO O 22 Ak 3
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Tab.3 Variance analysis of fertilization uniformity

variation coefficient

R IR FHR AHE 7 F P

e 14.43 1 14.43 45.47  <0.0001**
X 36. 81 1 36.81  116.05  <0.0001*
I 59.13 1 59.13  186.40  <0.0001*
X, %y 5.95 1 5.95 18.76  0.0008 **
P 1.53 1 1.53 4.83 0.046 8 *
20, 3.00 1 3.00 9. 46 0.008 8
i 1.03 1 1.03 3.26 0.094 2
«? 0. 90 1 0.90 2.82 0.116 8
3 4. 60 1 4. 60 14.49  0.0022"
LAY 127.31 9 14.15 44.59  <0.0001**
Bk 7= 4.12 13 0. 32
KT 1.80 5 0.36 1.23 0.376 3
aii% 2.33 8 0.29
SR 131. 44 22

TE: #x KR EFRWMBE(P<0.01); * KR EFRE(P <

0.05),

HEAE A )7

75
#,, 150
125 185 .
/71,'/7 ‘,) 100 16.0 5K

8.5 12
16.0 100

3.5 [EZEE 3% EER AR #E 2H

FIH Design-Expert 8. 0. 6 B {7 21 45 [N 2 X HE
FE 249 2 78 S A B 7 g T 4 10 iR

H AT 10a AT, 225 2 i i ik i SR B O K -1
HENE 32 53 P72 S A% SO0 B 27 MR e il 126 b gk ) KT
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Fig. 10 Response surfaces of all factors to variation coefficient of fertilization uniformity
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Tab.4 Program of field comparison experiment

i i 56 1 AR/ 5T i AR/ B
R I8 b N N
hm* (kg+hm ") (m-s™ 1)
-1 T 0.5 390 0.8
W U7 T 0.5 450 0.8
F T 0.5 375 0.8

Oy sk A JIE R 288 Y S o B 24 R g R 3 vl
AN 26 B ROREAR &2 45 0T, AT R B PE S B3k S
IR o IR, PO K 2 B AURL B A IE AR N
BV Il A e R AT T (] 3

x5 HBEBTHEMYERFESE

Tab.5 Physical properties of tested granular fertilizer

o PRI/ )4 HARE, AR

iy - (grem?) % f17(°)
A0 M 1] st 3.9 0.97 2.0 30.6
4 IEXR 3.3 1.35 5.4 33.4
e 3.7 1.19 3.3 28.7

WL HLEAE VR Ml i 7 b RE S IE W & 2R AR L, 7
913 s 1 3 T R PN 3 2 R A R 3 A Ml R B R )
[, 7K A 7 =Xt A 1% b AL FE ) ) L sl DL A 1T
TR0 5 Al HE A S5 0 SR T 3D T B, 22 2 AE /K A 3 Bk
B LK AR R T 3t B 56 A LA 3 o P TR 7 3 1P B 0
LR 6 PR

11 s il HE AL #8441 7K AR e A ML F 1 X
Fig. 11

Field experiment of rice transplanter with

forced fertilizer discharging device
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Tab.6 Measurement results of blocking performance

i N e
¢ & it BRI &Lk BivEE
HHERE B8 ZE WS 0 1 0
B A SR A]/ min 58 16 60
A HE 5 2E TR 1 2 1
BT 3% S A M B ]/ min 39 8 31
THEIE 35 ZEUCEL 0 0 0
W 7 A & SEAE LI 6]/ min 56 58 61
A HE B IR 0 1 1
JEFRAF 3% Al B (3] / min 56 33 41
HHEIE  3E ZE R 0 0 0
e W S ]/ min 60 59 63
e S ZE AL 1 1 0
NEFRAF 3% S A M B 5]/ min 27 49 63
RERTE A5 , 4 I8 A o 5 Ak 2K R 4 Bl it I ¢

3]
FAT A AR B, RS R 2 T BT
£7 HAERKREESHUBER

Tab.7 Measured results of experiment performance

parameters in field

A PE RE S b7 BV 38 HE A
AL 3 50 VR S B B % 12.8 9.1
R A R A% 7.8 6.9
BATHENE — Bt AR 7 R 5 % 13 8.6

NERHE AR 350 1 K
I3 U
= SOKEEREE

FRTRR S 2% AF T, 2K A < 380t AE 4 b BIL 22 ¢
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LIRS o OUTE S 18 T X 6 £ 6 TE R
It — U AR o 3 2 BR 5 o B R 22 3% o ol 4
NEFBAF  FE ik S A b — JE B 8 UK3E 26, Hop A 3
UCHE T E AR 2 o A A S 1 R e HE AL B A B4 K A
2t FEH ML A A 3 2 — UK, JRUIR R o - W i ik
6 b 7 400 T (] Ak AN 2 S B RN B BOR, HLT
P4 IE RHNERHBURL R /NN 2], 25 S R, = BCHEAE 3B
Prs AT o I AR R, B X AR Ab B R
7 A AL 5 1 HIE A 350 1 1 i NS AL O o 7 8, AN
BT AR SR AR BE BT AL T A A i A HE AL
1 Rt S BILB, AH L A% 4870 i ik SOt IE ML , A %
B Y HE A R

4 g
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