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Design and Experiment of Pneumatic Precision Seed-metering
Device with Guided Assistant Seed-filling

SHI Song ZHOU Jilei LIU Hu FANG Huimin JIAN Shichun ZHANG Rongfang
(Shandong Academy of Agricultural Machinery Sciences, Ji'nan 250010, China)

Abstract; Aiming to solve the problem of poor seeding quality of the current air-suction vertical disc
precision seed metering device caused by higher demands for working pressure during seed-filling process
at high speed working conditions. One kind of air suction precision seed metering device with guided
assistant seed filling plate was designed to improve the singulation index (SI) of the seed meter at high
speed. Basic parameters of the curve were expounded, the source of resistance during the seed-filling was
analyzed, and the ideal filling state of the various segments of the seed was presented. An optimal value
of the base circle radius of the disturbance groove curve equation was proposed by the calculation of
disturbance trough curve equation, the calculation of edge tilt angle, and a single factor simulation
experiment was carried out with the CFD — DEM method by gas-solid coupling numerical analysis with
local void ratio as an indicator. In order to verify the design results, an single factor simulation
experiment which compared with two domestic popular air-suction vertical disc precision seed metering
devices was carried out under the working wind pressure of — 5.0 kPa and — 6.0 kPa. The results
showed that the missing rate and the qualified rate were better than those of the other two seed metering
devices. Two-factor experiments of operation pressure and forward speed were made on the designed seed
metering devices, the optimal operating parameters were proposed by multi-objective optimization
analysis. The developed seed metering device was installed on the electrical drive air suction type seeding
machine, and the single factor repeating factor test was carried out at three working speeds. When the

Wk H . 2019 -03 —03 &I H#H. 2019 -03 28

EE£WA . BHEARPEEESTH (51605268) (IIARA HARFFEIL 4T H (ZR2016EEB22) | LR & i & 1T R15 H (2018 GNC112001 )
FNLZRAE Al B Be ol BHEA1# LA H (CXGC2018E18)

EEBI: 1R (1986—) , 53, TR, 181, 2 A MU &1 T 5 BB ATST , E-mail : shisongfox@ 163. com

WIS1EE: A (1963—) , 55 B5E 51, FEFAR M AUEE &3+ S5 BIRHFSY , E-mail: jscsh2002@ 163. com



62 gl Bl R

2019 4F

working speed was 9. 11 km/h, the grain distance qualified index was 95.48% , and the seed-filling had

a better performance at high speed conditions.

Key words: precision seed-metering device; air-solid two-phase coupling; experiment; guided assistant

seed-filling
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Fig. 1  Structural diagram of pneumatic precision seed-

metering device with guided assistant seed-filling
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Fig.2 Contact status of seed during state of adsorption
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seed group with different plates
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Fig.5 Stress analysis of seed in disturbance groove
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Fig. 6 Simulation models of corn seeds
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speed on performance of seed meter
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PR B E R(E N2 3 i
%3 SERERARSY

Tab.3 Constraints of objective functions

E i TRRE BRE E
TAEfE/kPa -6.0 -3.5 1
HIFEEE/ (km-h ") 6 14 3
AR % 91.9 100 4
TRk Te 50 % 0 1.5 5

7 Design-Expert 4% 3% 3 TS HILE ,
7531 15 2150 A0 H [R]85 b U T i e dd T
VERE T, R AT B i | 45 SR R B [l )3 5 F mT LA
B P f A TAR IR g S5 2R N3k 4 o,

®4 BEIESHESRITAKBER
Tab.4 Optimal working parameters and

verification test results

i R/ TAEHE S1/kPa TRk %0 %
(km-h~1) o S T S
-4.88 -4.9 0.48 0.30
-5.01 -5.0 0.49 0. 41
10 -5.12 -5.1 0.89 0.56
11 -5.23 -5.2 1.19 1.07
12 -5.32 -5.3 1.25 1.35
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Tab.5 Structure parameters of different

seed-metering devices

Xt BEREAR

2R 1 SHEFh AR 2 SHERER AR
Heppgeim SRS SRR SRR
HIFLEL 32 30 36
AL AR/ m 0.004 6 0.004 5 0.004 6
HeRp 2L B LA i et
PR EIEA B R BEFpik A SRl

KRR, #E IS 6.7.8.9.10.11

12 km/h 3£ 8 AN Z K, EE ALY 0. 247 m,
TAEE S5y BIE I -6, -5 kPa, A SCHERh S fe £ T
YEFE J1 8 -5 kPa, Hofth 2 AN AE TAER 1R
-6 kPa, &l 14 JHERPER 5 400 F iR 56 17 0

] 9

(a) 1E-HERN S (b) 25 fh a8

g

(e) A HERN 2
14 HERA £ 288 AT
Fig. 14 Comparative bench tests of different seed meters
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L=n,/N, x100% (24)
K L—HEFh 25w 7%, %
n, T 7E B LA B

N, —— i s S LA

T AR IR A T 250 UL R, B U 0
AR 3 WHCEE g R 15 Fis

ME 15 ATLVE Y, TAEE S8 -5 kPa B BiE
RUMEEE RN, 1 50 2 S HER R 0 T 7T 5 24
BT SR RRBE 3, YT E R 3 ok 12 km/h B,
AHEFh B IR TR AL T 7% , A SCHERP 2576 454
HIEEEACE FIRARIMET 1.5% M TAERT)
N -6 kPa 5, 1 51 2 “S-HEFP 25 U 70 56 78 454~ 2
K A BT TR, Horp 2 SHEFRZRAE 10 km/h B,
I 70 RA A REAE 1% LA, AFE 12 km/h = R
T, IR GREE FTFE 39% |, A SCHERD 2% 4T 75
R HHERFTE 1% AN, 25 Eor b, ZERLFLRGH AR

—— 15
S =25 Rl

—h AR AR
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Fig. 15 Changing curves of missing rate and forward

speeds under setting pressure
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Fig. 16  Test situation of seed meter in field
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Tab.6 Test result of seed meter in field %
W/ G Tt CiE5 A S
(km-h~")  FEE EiEE EiFE E 4
(96.89+ (2.71+ (0.40% (14.66% (99.83
1.17)*  0.61)" 0.56)" 1.32)" 0.65)"
(95.48+ (3.76+ (0.76% (18.73% (97.44 =
0.93)" 0.52)" 0.53)" 0.78)" 2.01)"
(91.75+ (5.12+ (3.13% (20.37% (97.87=
1L14)>  0.68)"  0.59)* 1.11)* 1.49)°
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