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Design and Experiment of Quad-screw Double-row Fertilizer Apparatus
for Rape Seeding Machine

XTAO Wenli"? LIAO Yitao'? SHAN Yiyin' LI Mengliang' WANG Lei' LIAO Qingxi'”’
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; The outer grooved wheel fertilizer apparatus commonly used in rape direct seeding machine,
has problems of inadequate fertilizer stability and low consistency coefficient of each row. Therefore, a
quad-screw double-row fertilizer discharging device was designed. The movement of fertilizer particles in
the device was analyzed. The range of the screw pitch and the speed of screw rotation were studied. The
discharging device was best performed when the number of discharging screw was four and the screw pitch
was 24 mm, which was analyzed by EDEM simulations. The bench tests studied the discharging affection
for the speed of screw rotation and adaptability with different fertilizers. The results showed that the
discharging rate was increased while the speed of screw rotation was added from 20 r/min to 60 r/min;
the discharging rate of single-row was raised from 461.19 g/min to 1 328.57 g/min as well. The
coefficient of variation ( CV) of discharging rate was dropped with the increment of the screw rotation
speed. When the screw rotation speed was over 30 r/min, the CV of discharging rate was less than
6.5% . The CV of the total discharge rate and the CV between two single-row were both less than 2. 2% .
Also the results showed that the quad-screw double-row fertilizer discharging device was compatible with
different types of fertilizers commonly used for rapeseed direct-seeding in Hubei Province. The CV of
three kinds of fertilizers were all in keeping with the fertilization standards, and the CV of the total

discharge rate and the CV between two single-row was less than 3.3% . Field test results showed that
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when the actual discharging amount was set as 28. 87 kg, the error of the discharging device between the

actual discharging amount and the theoretical amount was 2.33% , the CV of discharging was 6. 73% ,

and the CV between two single-row were both 1.98% . The results showed that the quad-screw double-

row fertilizer discharging device met the demand of fertilization for rapeseed direct-seeding. The research

result may provide a reference for the structural improvement of fertilizer discharging device for rapeseed

direct-seeding.

Key words: rape; fertilizer apparatus; double-row; quantitative fertilization; multi-start screw
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Fig.2 Structural parameters diagram of fertilizer screw
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Effect of screw pitch on fertilizer

discharge performance

P it R B 094 RS T ek /), 2 BRI R T 24 mm, B I
HEAC 8 R 52 R OB TR E . RN 24 mm

A, HE R 359 2 4 728 S 28 B00R 1B I HE AR R AR 5 R 4L
BAL

Zx b, 24 08 e 25 A Oy 1O Sk HE R 82 e, 42 B Ch
24 mm B, HENE &8 HA S A HENE PR g
4 MLERENITHESE SRR
4.1 RBEHMPHERE

D=TEAE EEMEANRE Lak s
3 PP A N T SR AR O R AR R I A R, N
FH A A B8 5 48 0T R AS [ 2 A kL IS R M
B2 HER LR P B S B L 2 2, HE AT 2% R 5
B 12 iR

®2 REAERIRELRYESY

Tab.2 Basic physical parameters of compound fertilizer for experiment

Ao I I K 4] SR H AL/ mm @E/(kg-m’}) BRIE B K/ (°)
=7 N:P,05:K,0 =17:17:17, BFE 3R TFET 51% 3.08 820. 14 0.94 27.7
AR N:P,05:K,0=15:15:15, i3 K THET 45% 3.19 1122.5 0.92 29.3
B4 4T N:P,0,:K,0 =16:16:16, H 370 KT % T 48% 3.44 915.3 0.83 33.9

K12 5445

Fig. 12
LRGEAY 2. 0WLBEATHEIERS 3. 84 4. Wbl
S.EMARS 6. Hhit

Bench test

4.2 R 5FHZE

Sk B D Sk R e AT HE A 21 R 3 3 LS 7 Tl
S LA A [R) it S R AL ELAE Y e B, AR e ]
A B AR 56 A1 BT J T S [ T 1 Sk B2 E XA T HE
JIE 28 55 A0, AR A0 i L it T A K, HE I A 3
B A 20 ~60 r/min, LL10 r/min R X EE
3o A S0 HEAE R X AN R BB R R 1, L =T A
JIEL 8RR AR B 20 A R R A R, o BT
R 20,40 .60 r/min Z5 {4 HERE MR, 0 35 DLUHE
JELE 2 A S 2R K L HE AR RS E AR S R 0(1 min
POHEAE B ) FOBUAT HE AR i — BvE AR S R B PR 4R
Frio B4R NY/T 1003—2006 ¢ Jiti I AL 5 2 VE A
FeARBAEY 7 HEA T HERE 28 HEAE 1 A 1 56 000 2
4.3 AWEREHWH
4.3.1  HENEBZ i A6 HE L 1 fE 14 5 i)

Ik A B2 5 2 3 ol IR 1 i A0 5 i 45 SR (181 13)

BT, HIEAE 32 4 o 257 I N SR e 3 494 o g 34 o, A H
Frt AE &G B, B AT HE IS R O 461,19 ~
1328. 57 g/min, H{} JE 2 4 356 2 DRAS AL T il 3 SRS
BRAS ELARALAAT AN R AE 4 25K o o3 52 P HE HE
505 ELHENE & D 25 76 9% LA, & B TR RHE S
RPN B HEAL 2P S 2 B HE ST 2 e %
RG24 5 R T 30 o/min i, ¥ 53 PEAE 52
REURTF 6.5% o SHENE R AR R R BOR U T
HEME B — B 5 RO T 2.2% o WA IR AR
{# /& NY/T 1003—2006 (jifti A AL A o7 8 3 i Fi2 A
) HEIE R 2] P AR S AR BRI 2R L 47 e AR
YU TR P, HE A SR e s vy, DU Sk MR XU 7 HEAE 75
HEHE P BE B4
—‘1500

‘131)()

PNy
3 300
1%)

30 40 50
HEADREBERE /(1 min ™)

P13 B sg0] HR NIE P BE 1) 52 i ith 2

Fig. 13
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