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Abstract: Aiming at the problems of high labor intensity, low seeding efficiency and high labor cost existing in manual hill-
drop seeding in pepper floating seedling raising, this paper proposes a pepper seed precision mechanical metering device
adapted to pepper floating seedling raising on the basis of magnetic return—type seed metering mechanism, and the design
and motion analysis of the key structure was carried out using SOLIDWORKS and other software and simulation of the seed
metering device was conducted by using EDEM. Taking crank rotary speed, seeds quantity, and crank diameter as factors,
and the single grain rate, reseeding rate, and missed seeding rate as evaluation indexes, the response surface test, using

Box—Behnken design, was conducted and the results were analyzed. The parameter combinations of the seed metering
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device are evaluated combining weight with membership degree. The optimal parameters combination for the seed metering
device is determined to be crank rotary speed of 260 r-min™, seed quantity of 4 000 grains, and crank diameter of 28 mm.
The single grain rate, reseeding rate and missed seeding rate of the prototype test were 91.46%, 7.29% and 1.25%,
respectively, which met the technical requirements of pepper floating seedling production.

Key words: pepper; floating seedling raising; precision seeding; seed mechanical metering device; EDEM

BB T [ A SN 2 — A )iz R RUBLZ AR P2 T . 2022 4R Fk [ BURUTT S HLASE
IBH 3 885.8942470 , BN T A A 2855 I 2SO AE L Aok B RN
B A SE R BRE W P AR 2 T BRI, SR A R R R TR B R PR AR R TR
TETOKIE L, Bl 5 TR R B T R AR SR SR AR K IR IR BRUK R oK 23 F SR o
BT o B EA G R CE R RCR S P B B A K B R S AR R R
F EORIERNIRIL 1 em, 178 UKL, TARBEURR AR 52t B, S s P2 , 55 G SR 2 1 i ke B0
PP 22 , ML/ IN R R T v 2 M AR DI T Bl 1 0 5, 77 A5 55 3158 B R 55 B AR 3 AR MR ol It
SRS . NI, O T SRR TR B R A B SRR A5 Bl ot A 05 3 AR | 7
T H T2 8 HRORBORS iE A SRR BT, A e B & R T e 7 o
FEA B AFB XU AN U o o 1 22 A3 28 AL RN, B0 7 — R OB b (9 IR IR 1
R HERP R, R AR F 86.83% . AR I A T X A RS B HERR %, — 5 ThT I e A b 2R AR
SR K AE R T I T B , O3 — 7 T8 o Uk S5 AL R 2 BT, SR b 3 f A v s
RIYFEAR . sKIARSE R FI0 AR 20 e SCHE R 4% 2EA T3 B b, A [ S dh 1 #4718, 5
FUYCRN A A LIS A foe DL AEL, (R0 B FE R SRR B . S LD A58 488 iy HE A 5 0 i ~F- /)N
PR ECPE , 3Bl HER A% O SERR RS URIR A b1 W BT 28 S B L HEA T PSS, 2 1 HE R &%
i kA T T T AF X A A M HER s BT T — MR sh AU R0 B, BE RS S (I L 51 Rl
T, 18 2o T AR 0 A PR R AR T A A A B AR T R LS AL A . R
TR LM RS Rl LSRR | SRR e 2 TSRl B T A4 Rl A P S fe sEA UG 2 SRS REHERD AR, O 18
i B HOTEAE EDEM 05 BT 86T T 28U . XIRR A ST 1 —Fhid T/ ViRl 1
ARG B AR AR AL, 0 S A R BRI A T BRI , DUt 1 R A AT A [a] ft o /o368 S AR 8, A
NI TSR HERE RH LA S A B S DA AR At T s
LA B A B, S 30K BEHER A8 IR, (E R AF 745 8 52 A 0 A i A% 1) A, B ORS
SRR AR LT O R g R By A (8 SAS AR, BT 5 AU A R R Aoh 1 F) A R
R AU TR B SR A SRR, AR S7 Sl o B M v A A S A1 7 [l 37 Y HE R A5 =1 5
il L, B 41— BT v A A LB OBOABONG 2 HE MR i i B oo e B A i (L 2 8K

A, T RIE ST LRI B A S B & F i » 3 4 p 6
RESEATIRIE , LUSDY BB B B BRI A R \

SNHERISE R, R AR f 2 = A 5
1 BYEHS TERE

1.1 B HE AR R B 4 iR pIpIpIp

i 3 [l R HERR 2 25 R P 1, N T ERAE R,
A BB R O FER AR b, N TSRSl R 5
HERR A% | b7 A0 A o B8 2l s v 78 70 Bl FL 52 B 5T
Tofr s SR 5 HE Bl 1 ShHERP AR, HERPFLAS sh 2 sE R LAY
O R IR R SEERHER B AN F1 )5 TG BhHE R AR 1 SR 2 AL s 3. AR AL 4. SRR 5. REVETR ISR s 6. B

1.Movable seeding plate; 2.Seed holes; 3.Seed filling holes; 4.Seeding plate;

E@Q‘@W Wﬁ% E(J /ﬁEFH‘F/E{j ) %}Jﬁ—qj_’\%ﬁﬁ/ﬁgﬂk o 5.Magnetic suction blocks; 6.Seed grooves
7 e 57 T HEAf 38 ELAT B AT SR R, A U Bl wAE R

I)ﬁ?ﬁ*&jﬁﬂﬁ%%??ﬁﬁﬁiﬁ JEI%X?T{}\IEE Figure 1 Magnetic return-type seed metering



-554- ook Xk kK F ¥ R % 55 %

FE 57 B R AL — B AN A TR
1.2 HIMXHREEERMRES NS TIERE

AU HRORS 2 HEFf e B 32 2 LR R MUK TS e s LR HERP LA 2 A, 454
W 2. A HILAR B AT A 5 X SR LA 2 AR BR Sl B Al ANZL Al AR R T
BBk ZEHER AR DI, HERD 52 BB R R AR R UK R R — 3R TE R e s ML
SR A AL R ARERT LA AT R DAL AL FAL , D RE R S BLRE 7 [ 57 B HE R P BUBUR
T A Sh TR HERDLG T2 ZALE A ST, D RE R A TEAR R AT HERR , € R RE R AL

/ /
12 11 10 9 8

125 2. HUSERT 5 3. )7 o (5 U HERN A5 5 4. MAW AL . ARIEFFALAN 5 6. 4T SLIBGHHL ;7. T LWL 5 8. SRS AL 5 9. BEAEHE % 5
10. LA HL RIS s 11 ALK 5 12, W28
1.Guide frame; 2.Electric actuator; 3.Magnetic return—type seed meter; 4.Crank motor; 5.Crank linkage mechanism; 6.Planetary speed reducer;
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Figure 2 Structural schematic diagram of the pepper seed precision mechanical metering device
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Figure 3 Working principle sketch of pepper seed precision mechanical metering device
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Figure 4 Schematic diagram of triaxial dimensions of Figure 5 Schematic diagram of the structure of seed

pepper seeds filling hole
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Table 1 Parameters of physical properties of pepper seeds

FEIKE /mm F T /mm LR /mm ThiElg  ARRILAC) WEEEAN)

L) v &7 BERE [0+ e
uu-ﬁ‘ Average Average Average KR % Thousand grain Natural Sliding friction g ‘cm )
Variety X . Water content K Density
: length width thickness weight repose angle angle .
Vg byl 0 B
NAYHR LS 4.09 3.47 0.79 8.32 6.47 28.9 26.14 0.63

Xingshuzhoula No.2

K5, AL 25 S HCR LR D, LR H, , ZEHERR R & e Ah o # v, &30 i fL s ALz
REFE i R H S R 7 L S BOCR AN -
I1<D, <2l (1)
h<H,<2h (2)
KA. D, FEFFLALAE (mm) s H, R FEFFLFLEE (mm) 5 1 A BHURR 744K B (mm) 5 b HBARD T F3)
JEEEE (mm) o
MR T A3 56 o ) BRI S22 80, 1 4.09 mm, A4 0.79 mm, 531 FEFRFLFLAE D, %5 mm, fL.
RH, A 1 mm,
22 FEREFEMIAIEIT
221 ARt AR R UL th O B AR AT B R g T [l AL HE R g4
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1.Upper load layer; 2.Slider; 3.Load layer connectors; 4.Linear bearings; 5.Crank motor; 6.Crank; 7.Fastening limit rings; 8.Connecting rod set;

9.Guide rails; 10.Lower load layer
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Figure 6 Schematic diagram of the crank linkage mechanism
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Table 2 Parameter list of rotary motor

uikey HHAIC) ik HLI/A HLBH/Q) L/ mh DRAFHEAE/N - m)
Model number Step angle Phase Current Resistive Inductor Holding torque
86EBP181ALC-TKO 1.8 2 6 0.52 7.2 12.5
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Table 3 Parameter list of planetary speed reducer

Ll T LY BUENH/(N-m)  FHKRFEAN-m) WORI1% U i A% 38/(r - min™")
Model number Reduction ratio Rated load Maximum load Efficiency Rated input speed

PX86 L R

12 50 80 90 <3000
PX86 stepper series secondary
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Table 4 Parameter list of electric actuator

K TIFRIW HLR/V BRAESIIN HEE/(mm - s71) fElk iz C
Name Power Voltage Maximum thrust Speed Operating temperature
B L LBK S AT

. 50~60 24 1 400 7~110 -25~100
DC motor driven actuator
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Figure 8 Hardware composition of control system
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Figure 9 Flowchart of control system
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Table S Simulation parameters
SR PP AW}
Parameter Pepper seed PMMA
TS L Poisson’s ratio 0.30 0.37
B PI#H Shear modulus/Pa 1x10° 8.5x108
¥ Density/(kg-m™) 630 1190
MR K S 50 (5 5506 Coefficient of restitution between particles and particles 0.35 0.45
i EE 1 22 B0 (5 BURE ) Coefficient of static friction between particles and particles 0.30 0.43
TR B R 2 80 (5 kL) Coefficient of rolling friction between particles and particles 0.01 0.02

&6 HEHERKFHDG

Table 6 Experimental factor and level table

K HHAW L ALEL 3 A/(r - min™) Tl BIRL iAW ELA% C/mm
Level Crank rotary speed Seed quantity Crank diameter
-1 250 3000 28
0 260 4000 30
1 270 5000 32

R T B FoR AR RS KRR R e iR T AL, 4300 2R SRR N Y SR
S, R, T MY FEBRBUELT B R E BB R R T AR, RIS I, AR RS, B IR R
PGE & T HEAERANE . K, kR iR E R R e A E 08 0.7,0.2,0.1, 456 RIEETT
BEAISY Y, HFGAR R Y=0.7(1 - S)+0.2M+0.1R . 1553 VU , Bk S R TS 2 S #A
33 KWERSH

IR SN e S

R 45 R T A Design—Expert 13.0 I 24T IAHLA 5007, 15 2045 F5 b5 1077 25 00, Forp sopoR
W7 22 TN 8 FHR 8 NI, BRI () p (EL/N T 0.01 , BRURL 3 1y [l I AR U AR B8 285, SR 4D p A
KT 0.05, 5 ma A i 2 AR FR I AE — & SEGEH P, L RIE B 5 SRR g G B . A
) p (EL/N T 0.01 , 32 PR 2R X B S8 (1) 58 Ml A 8 255 PRI 3R AL p (E/INT 0,05, 12 PR 28 % B3R (1 5 i) d 3%
R AT % B 23R 1 52 M A B DA R B/ IN R 64T HE Y RO AW H AL 3 bt (A LA . AR
SRY, R R R, £ R R A AR i A5 B HORCR Y, I R AR

Y, = 92.75 - 1.564 — 0.8594B — 0.8594C - 0.9375AC + 0.1563BC — 8.334> — 1.61B> - 0.0469C>(9)

FERERM T 20T NER 9, HaR9FIH, ERERBIAN p (H/NTF 0.01, FERE A SRR 1 2,
JAUNIT ) p (ER T 0.05, 52 mi A B %  REREBE R AE— & SEEU BN, R AR S pRg Sl G
FER R o IZ A p H/INT 0.0, 1 ZE X B R A B 2 IR A B B [ p (E/N T 0.05, W &
X A R R 0 2 4 RO EE R R0 S M R B R BN B A THE T AR AR H AL S e
AR R . ATERE R Y, W N pR A, 25 3o A AR i A SRR Y, W E R
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Table 7 Test scheme and results

wEs LA A i B ihinEAE C HRLRY, HIFRY, TRHER Y, LRRIYY,

No. Crank rotary speed Seed quantity Crank diameter Single grain rate Reseeding rate Missed seeding rate Comprehensive score

1 0 -1 1 91.250 6.250 2.500 0.73

2 0 1 1 89.375 10.000 0.625 0.26

3 1 -1 0 83.125 14.375 3.125 1.41

4 1 0 1 80.000 18.750 1.250 1.00

5 -1 0 1 86.875 12.500 0.625 0.40

6 0 0 0 91.250 6.875 1.250 0.34

7 1 1 0 81.250 18.125 0.625 0.73

8 0 0 0 93.750 5.625 0.625 0.00

9 -1 1 0 82.500 16.875 0.625 0.66
10 -1 -1 0 84.375 13.750 1.875 0.94
11 0 1 -1 91.250 8.125 0.625 0.15
12 0 0 0 92.500 6.875 0.625 0.07
13 0 -1 -1 92.500 6.250 1.250 0.27
14 -1 0 -1 86.875 11.875 1.250 0.60
15 0 0 0 93.750 5.625 0.625 0.00
16 0 0 0 92.500 6.875 0.625 0.07
17 1 0 -1 83.750 15.000 1.250 0.78

RS BHRFTENN

Table 8 Variance analysis of single grain rate

R oA e ] .
Sources of variance Sum of squares Degrees of freedom Mean square 4
17 Model 346.22 9 38.47 23.41 0.000 2
A 19.53 1 19.53 11.88 0.0107
B 591 1 591 3.60 0.099 8
C 591 1 591 3.60 0.099 8
AB 0.000 0 1 0.000 0 0.000 0 1.000 0
AC 3.52 1 3.52 2.14 0.1870
BC 0.097 7 1 0.097 7 0.059 4 0.814 4
A? 292.03 1 292.03 177.70 <0.000 1
B? 10.91 1 10.91 6.64 0.036 7
c? 0.009 3 1 0.009 3 0.005 6 0.9423
5% 2% Residual 11.50 7 1.64
RAUT Lack of fit 7.13 3 2.38 2.17 0.2339
1%2% Pure error 4.38 4 1.09
41t Cor total 357.72 16

Y, =638 - 1414 + 1.56B + 0.7813C + 0.15624B + 0.7813AC + 0.4687BC + 8.14A% + 1.27B* + 0.0156C*> (10)
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&R p (EK T 0.05, 52 M A 2 RIS HE R — & S BGEE P, B8R 5 52 PR il
PLE B . KZE B p E/NT 0.01, %K Z X Tl R 0052 Wik 02 N E B p E/hF0.05, % K&
Xof R 0 2 A S ) J 2 e ROXT B 9 2R A S e AR B /N BRI A T HE I MR i |l A R L
MR B . ARG Y, e W R A, A R R F AR e A B EERE AR Y R RIE AR R
Y, =0.75 + 0.23444 - 0.7831B + 0.0781C - 0.31254B + 0.1563AC - 0.3125BC + 0.32814% + 0.4844B* + 0.0156C> (11)
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Table 9 Variance analysis of reseeding rate

Tr 2RI I3 HHEZ Y5

Sources of variance Sum of squares Degrees of freedom Mean square F P
7 Model 336.030 0 9 37.3400 26.450 0 0.000 1
A 15.8200 1 15.820 0 11.2100 0.0123
B 19.5300 1 19.530 0 13.8300 0.007 5
C 4.8800 1 4.8800 3.460 0 0.105 3
AB 0.097 7 1 0.097 7 0.069 2 0.800 1
AC 2.4400 1 2.4400 1.730 0 0.2299
BC 0.8789 1 0.878 9 0.622 5 0.456 0
A? 279.030 0 1 279.030 0 197.640 0 <0.000 1
B? 6.740 0 1 6.7400 4.780 0 0.065 1
c? 0.001 0 1 0.001 0 0.000 7 0.979 2
5% 2% Residual 9.880 0 7 1.4100
PRI Lack of fit 8.010 0 3 2.6700 5.690 0 0.063 1
1%2% Pure error 1.8800 4 0.468 8
A3t Cor total 3459100 16
FT10 RBEFESH
Table 10 Variance analysis of missed seeding rate
k=3 5 A A Syl F
Sources of variance Sum of squares Degrees of freedom Mean square P
R Model 7.780 0 9 0.864 6 6.080 0 0.0133
A 0.439 5 1 0.439 5 3.0900 0.1223
B 4.8800 1 4.8800 34.3100 0.000 6
C 0.048 8 1 0.048 8 0.343 1 0.576 4
AB 0.390 6 1 0.390 6 2.7500 0.1415
AC 0.097 7 1 0.097 7 0.686 3 0.434 8
BC 0.390 6 1 0.390 6 2.7500 0.1415
A? 0.4533 1 04533 3.1900 0.1175
B? 0.9879 1 0.987 9 6.940 0 0.0337
c? 0.001 0 1 0.001 0 0.007 2 0.934 6
7% 7 Residual 0.996 1 7 0.1423
PAUIR Lack of fit 0.683 6 3 0.2279 2.9200 0.163 9
%% Pure error 0.3125 4 0.078 1
41t Cor total 8.780 0 16
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Figure 11 Effect of various influencing factors on single grain rate
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Figure 12 Effect of various influencing factors on reseeding rate
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Figure 13 Effect of various influencing factors on missed seeding rate
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