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Design and Experiment of Spiral Seed Feeding Device in Spinning
Disc High-speed Metering Device for Rapeseed
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(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. Considering the practical problem that the high-speed planting operation leads to the seed
feeding capability insufficient and the difficulty of precise adjustment of feeding quantity of the existing
centrifugal metering device, a prototype of spinning disc high-speed metering device for rapeseed with a
spiral was developed. Based on the mechanical and physical properties and parameters and the demand of
planting quantity for rapeseed, a spiral seed feeding device was proposed and the mechanical model of
seed feeding were established and the main structural parameters were analyzed and determined. A three-
factor quadratic orthogonal combination test was performed to establish a mathematical model between
seed feeding rate, stability variation coefficient of seed feeding rate, damage rate and speed, blade
width, and lead. The analysis result showed that the sequence of factors affecting the seed feeding rate
were lead, blade width and speed, and the the sequence of factors affecting the stability variation
coefficient of seed feeding rate and the damage rate were both speed, lead and blade width. The optimal
parameter combination was established when the speed was 81 r/min, the blade width was 4 mm and the
lead was 15 mm. The bench verification test results showed that the seed feeding rate was 92.7 g/min,
the stability coefficient of variation was 0.32% , and the damage rate was 0.29% of the seed feeding
device under the optimum combination of parameters. The seed feeding rate was varied from 36. 55 g/min
to 190. 94 g/min, the stability variation coefficient of the seed rate was less than 1. 29% , and the damage

rate was less than 0. 5% . The field experiment showed that when the planting speed of the seeder was
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10 km/h, the uniformity variation coefficient of rapeseed seeding was 9.4% , and the planting density

was 48 ~ 60 plants/m’, which could complete high-speed seeding. It could meet the performance

requirements of rapeseed and would provide a reference for the structure improvement of spinning disc

metering device for rapeseed.

Key words: rapeseed; spinning disc metering device; high-speed; spiral
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Fig.2  Structure diagrams of spinning disc high-speed

metering device for rapeseed
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Tab.3 Experiment results
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Tab.2 Coding of factors
G it LEST R gE E T2
x,/(remin~") x,/mm x,/mm
-1 60 3 13
0 80 4 19
1 100 5 25

R B H B GB/T 9478—2005 ( 4 1) 4 #& HL it
B 7 ¥ ) HEAT 41 Bl B BV Al R 06 A .
I P R S HE SR 8 AN AP b 1 min HE i
TR, R, AR A TERE S K, IFR
AN TR Ak 3R AR o R b DR AR E A 5 R B
Tl M 61 %
4.3 RWERSHH
4.3.1 AW R

I 25 Rk 3 FiR, i Ui g Ry
e 7 T B4 Ak PRERPF Design-Expert 8. 0.6 58 i, H:
M X, XX PR i A
4.3.2  [alIH50 47 5 B3 A

iz 8% Design-Expert 8. 0. 6 X izt 5 %5 95 i/E 47
Z T A G, 15 2 LU Fh 3 3 Y, Sy e B pR AR, DA
25 TR Gt (R [ A8 5 19 1] )3 $l 2 A 7 Sy

Y, =114. 64 +29. 08X, +42. 89X, +70. 44X, +
9.58X X, +16.4X, X, +31.45X,X, +
5.51X2 -2.4X; +0. 63X. (19)
Xof b A R AT O7 22 00 M, IR 4 TR 4R
3 A A 4 [l AR A AR W 3 (p <0.01) , Ui
BRI A G2 3 X, X, X X X, X X X X,
S0 85 (p < 0.01) , XT3 (p <0.05) , 3
A PR ¥ 52 A 2 5 SRR R AL p (B 0. 119 1, 1]
P77 R AU 1, e 1200 ¥ PRl oA A A 5 S B s 10
PUE BT BIBRA 3 25 Y ] 5 AL Sy
Y, =113.85 +29. 08X, +42. 89X, +70. 44X, +
9.58X,X, +16.4X,X, +31.45X,X, +5. 42X,

(20)
x4 HMEEFESHW

Tab.4 Variance analysis of seed feeding rate

JPEKV CFOTAL AmE BirE F p

A 66 730. 51 9 7414.50 567.80 <0.000 18 **
X, 6766.92 1 6766.92 518.20 <0.000 1 **
X, 14718.13 1 14718.13 1127.10 <0.0001**
X, 39 695.76 1 39695.76 3039.86 <0.0001**
X, X, 367.30 1 367.30  28.13  0.001 1"
X, X, 1075. 84 1 1075.84 82.39  <0.0001**
X, X, 3957.04 1 3957.04 303.03 <0.0001"
X3 128. 04 1 128. 04 9.81 0.0166*
X3 24.21 1 24.21 1.85 0.2155
X2 1.67 1 1. 67 0.13 0.7313
=D 67.22 3 22. 41 3.71 0.1191
B 24.19 4 6.05

S 66 821.92 16

T e TR (p <0.01), = FREF (p<0.05), F .
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Y, =0.33 -0.46X, +0. 17X, +0. 39X, +
0. 12X, X, +0.22X, X, +0.55X,X, +
0.85X: +0.42X; +0.97X; (21)

Xof A48 o A A R R S R BGHAT 7 2240 B,
2SR, BREIR AR R TR E VAR B R A
AT 235 (p <0.01) , B Wi B B 48327
BSGX, X XX X XG S R 3 (p < 0.01),
X, X B0 B3 (p <0.05) , JL At H 752 0k A 3%
b R AR AR AR S R AR AU p {H Ky 0. 670 4, [7]
VA7 B R W 3, 70 100 3 T P AR AL 5 S B A
A B . BIBRA B R 5 1 Il H R Dy

Y, =0.33 -0.46X, +0. 17X, +0. 39X, +
0.55X,X, +0.85X; +0.42X> +0.97X> (22)
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Tab.5 Variance analysis of stability variation

coefficient of seed feeding rate

JPEKIW FOTA AWM BUrE F P
g 13.18 9 1.46 34.73  <0.0001*
X, 1.70 1 1.70 40.36  0.0004
X, 0.24 1 0.24 5.73 0.0479 "
X, 1.23 1 1.23 29.23  0.0010*
X, X, 0. 055 1 0. 055 1.31 0.290 1
X, X, 0.20 1 0.20 4.380 0. 064 6
X, X, 1.21 1 1.21 28.69  0.0011*
X3 3.01 1 3.01 71.42  <0.000 1"
X2 0.75 1 0.75 17.68  0.0040"
X2 3.99 1 3.99 91.57  <0.0001*
P 0. 087 3 0. 029 0.56 0.670 4
B2 0.21 4 0.052
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Y,=0.45+0.63X, —0.29X, +0. 4X, +
0.16X,X, +0.56X,X, —0. 088X, X, +

0.76X: +0.71X; +0. 18X (23)

X AR IEAT I 203 Hr, R 6 s, AR

7N AR R RN B R A B3 (p < 0.01) , Ud B i 455 7Y

R
i JE

HAGI R X, X, X X, X] X 5 @ 2%
(p<0.01),X, 5 .3 (p <0.05) , HAt A 55 0
AN WA R R AT p (H O 0.775 1, 819 07 2 2k
A 2 1E 0 3 R A8 5 S PR DAL A o
SRS i 35 R R 5 1) [ A A oy
Y, =0.53 +0. 63X, —0.29X, +0.4X, +
0.56X,X, +0.77X; +0. 72X (24)
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Tab.6 Variance analysis of damage rate

FEKW FHM AmE ¥irE F P
[ 11.68 9 1.30 15.79  0.0007**
X, 3.20 1 3.20 38.94  0.0004 "
X, 0. 66 1 0. 66 8.05 0.0252*
X, 1.26 1 1.26 15.38  0.0057*
X, X, 0.11 1 0.11 1.29 0.294 3
X, X, 1.27 1 1.27 15.40  0.0057 *
X, X5 0.031 1 0.031 0.37 0.5609
X2 2.46 1 2. 46 29.92  0.0009
X3 2.15 1 2.15 26.14  0.0014"™
X; 0.14 1 0.14 1.65 0.240 3
%4 0.13 3 0.042  0.38 0.775 1
2% 0.45 4 0.11

S A 12.26 16

58 (24) 91050 2% 0 20 A0 3 1 PR B 0
KN e AR I T
4.3.3 Wl A A

B8 e R M 5 O B S VA A £
HESHER M Rl 0 5 BB B, 1 D 0 57 T 437 4% A
LS PIHS BRI B 06, 7 8 .9 . 1Al 8a.9a 1]
N PR T AT (19 mm) |, ¥ — g 0, 48
FHORI I A HRBA I F 96 1 B 4906 ZE 0 T R U
TR I P 7S R B
5L R T R B LS A D L 45 e 1
SRR R WEJR S | TH . i 8 .ob Tl
St F G T KT (4 mm) | i A A R
A 5P 9 5L 5 U M T B 4
B 580 00T T 98 L 5 I )
Gy G 7 R T S T
AL AR (] S 01725 1R S B R
7] A A L R 4 E TR . I 8c 9c ]
1, 4 BT K (80 1/min) , R BB/ (H
I 25 5 BB S 0 1 5 W I B4 L T
e SRR (B 75 5 BB I S R 38
R TR SRR I B B I R R
LRI T B M S — R 5 R R S
PR R0 10 52 S 5 T 0 FLAE I F 9 1 e A 25 £l
T 5 R 5 S L 0 1 T



86 Y S ]}

2022 4

- 90 100
oM )
feh; el

% 3.0 60

(a) x,=19 mm (b)

P8 2% IR 3 X o A0 T I S AR ) 5

Fig.8 Effects of various factors on stability variation coefficient of seed feeding rate

= 90
80 ;
(v* o )

70
s

(a) x,=19 mm

(b) x,=4 mm

(e) x,=80 r/min

PO 2% I3 451 5 B4 32 o)

Fig.9 Effects of various factors on damage rate
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