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Design and Experiment of Seed Detection and Sorting Device with
Double Compound Vibration Seed Metering System

LUO Bin'? MA Leyi'? ZHANG Han® ZHOU Yanan’ KANG Kai® XIE Ziwen’
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgi 830052, China
2. Intelligent Equipment Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: Aiming to solve the problems of lack of detection and sorting equipment for component-type
germplasm and low detection efficiency, a seed detection and sorting device with double composite
vibration seed metering was designed. The seeds were flattened through double composite vibration, and
the sorting component selected high-quality seeds according to the detection results. The device consisted
of key components such as the seed metering component, detection component, and sorting component.
Structural design and theoretical analysis were carried out on the key components to design better
components. Taking corn seeds as the test object, the voltage and vibration frequency ranges of the
feeding tray and the leveling tray were determined through single-factor tests. With the qualified rate of
seed spacing, seed fitting rate, and seed residual rate as the test indicators, a four-factor and three-level
test was carried out, and a response surface mathematical regression model was established to analyze the
influence of each factor and their interactions on the operation of the device. The results showed that
when the voltage of the feeding tray was 60 V and the vibration frequency was 46. 0 Hz, the voltage of the
leveling tray was 55 V and the vibration frequency was 51. 6 Hz, the seed metering effect of the device
was optimal. The test verification with the optimal parameters showed that the qualified rate of seed
spacing was 90. 5% , the seed fitting rate was 2. 9% , and the seed residual rate was 2. 3% . The sorting
speed of the device can reach 1 000 seeds/min, which met the requirements for the selection and storage
of germplasm resources.
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Fig. 1 Schematic of structure of single-seed

detection and sorting device
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Fig.3  Structural and force analysis diagram of blanking tray
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Fig.4 Structural design and stress analysis

diagram of uniform paving tray
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of particle size Z, sl 46. 39 28

K EorA o AmE HIr F r
A 679. 12 8 84. 89 11.60  <0.0001*
X, 177.57 1 177.57  42.46  <0.0001*
X, 205.01 1 205.01  49.02  <0.0001*
X, 57.55 1 57.55 13.76  0.0023*
X, 7.21 1 7.21 1.72 0.210 4
X, X, 20.70 1 20.70 4.95 0.0430"
X 27. 34 1 27.34 6.54 0.0228"
X3 22.65 1 22.65 5.41 0.0355"
X3 115.26 1 115.26  27.56  0.0001*
% 58.55 14 4.18

RRIT 50.12 10 5.012 2. 41 0.206 1
iRz 8.34 4 2.09

KR 737.67 28

Heows TARMEBE(P<0.01); * FREE(0.01<P<0.05);

T

(3)FFRLFR B R Z, 05 220 T 3R 7 Fiw , i 5
PIZE X, X, X X, R X 3k B 35 K OF 5 52
I X, X R B AKCOE s AR T R W%, 3 #r i
Fialge PR L B B e R0, 15 3 2,8 %L
[l 9 77 1%

Z,=1.56 —1.84x, —1.21x, —1.35x, -
1.12x, +1.13x,x, +1.22x] (12)

M7 hiy FAEF P EATAL X, X, X, X, 2
SR P A8 ROFFRL SR BRI E BT R e Z i R
HEHRENN R X, X, X, X,

B L b 22 0 A vl RLBE A Ak 3 Z, Rl &
7, KFRLEE A Z 0 A AR P /T 0..000 1,
FAUTI KT 0. 05, LB LA F 3 A [a] )5 45 Y B4 2
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Tab.7 Analysis of variance for grain residue rate 7,

p 310 SForA AmE Iy F r
A 105.23 6 7.52 10.53  <0.0001*
X, 38.72 1 38.72  54.26  <0.0001*
X, 17.52 1 17.52  24.55  0.0002*
X 19. 69 1 19.69  27.60  0.0001*
X, 14. 96 1 1496 20.97  0.0004*
X, X, 5.06 1 5.06 7.09 0.0185"
X; 8. 41 1 8. 41 11.78 0. 004

B 7% 9.99 14 0.7135

ST 6.84 10 0.6842 0.8695  0.6118
iR 3.15 4 0.7869

Javill 115.22 28

LRI B2, HRE R G REA R
DL ZE R 43 K 0.921.,0.918 F10.913, H 52 Fx
RS R® 2 18] 22 {5 ¥ /N T 0.2, 3 W1 7 14 455 8
A SO 5 e (W G R R, AT DL R R AT
ST ROLAL o A DR ER 38 BAE A — e R L5
e 5 A %) M 0 AR R 45 A e N T3 A i B
PR 25 F R R Bl 0 3 i A A A

3.5 FBEZEXR I 15 AR 0D R LKL 5 47

P P13 gk o 7 1 PR T, 2R E X, 60 VX,
51 Hz B X, B E, Z B X i R e KR
N X TS Z B X 3K S K S N Tl
5 Z 0 X, M X, AT, X, 7F 46.0 ~47.0 Hz
X, 7E 56 ~60 V Z[RIfETE Z, fe R4 A

KB R %

5 58 A
, 48060 N
P13 TFORMEEIR SR X, AL R X, 28 HAE FI XL
R G A% 28 Z, 52 W) 0 0 137 i TR
Fig. 13 Response surface of influence of interaction
between vibration frequency X, and voltage X, of blanking

tray on qualified rate Z, of particle distance

H P& 14 (% me 7 ThD AT R, 25 0 XL R 60 VO X,
51 Hz 8 X8, Z, B8 X, 3G RS oK 25
X, [ 5€ , Z, B84 X, g Rmisg oK, fI1S Z, 78 X, Al
X, W2 HAER R, X, {E 46.0 ~47.0 Hz X, 7£ 50 ~
60 V Z [ fE7E Z, /N BALA S -

H P& 1S 6% me 7 ThT T RT R, 25 XS 55V R XL R

PRI £ 3L %

'S
%
=]

B«*%;E“M'O 465 = 52 Tt
Qj@ﬁ%\?@ 7, 46050 <R
Bl 14 TRHEIRSNER X, HH R X, 32 5 AR X
FFARL NG G 28 7, 5% 0 1) I 7 11 TET
Fig. 14 Response surface of influence of interaction
between vibration frequency X, of blanking tray

and voltage X, on grain fitting rate Z,

60 VIt 25 X, [H 5%, Z, fi & X, B3 K/ 5 25 X,
[f5E , Z, b5 X, 3 Ko/, alfs Z, 78 X, il X,
I HEAEFH R, X, 7F 46.0 ~48.0 Hz fl X, 7E 51.0 ~
52.0 Hz ZIAIFAAE Z e/ DIEAR AL A -

15 TORE A A A R SR X, (XS AR X
FFRE 5% B 28 Z 5 0 ) w1z i T

Fig. 15 Response surface of influence of interaction of

vibration frequencies X, and X, of blanking tray and

uniform spreading tray on grain residue rate Z,

ASHTLA LI R TR A A5 2 24 X, 36K 28 46,0 ~47.0 Hz
DA, FlF 0 Z, FA AR 8 RAE, Z, A AR 3 /ME . 2 4k
SEYEK X, Z AEFERIMAE AR Z KRN B 23 B
JE PR Xy 52 b 1% E R . Y X, k8]
A B A Y R 0 B, Bl 7 7 TR IR B S
WK Z, AWK X, Fl 738 gy i P, 38 ks /N 35 4
FEAAR B, S0/ INME AT LR 0 B RS ok Rl T AR Yy
RSN NEUR /S AN N DN IR O il R ik
UL B, B X, P A P8R B R RL SR D

Mot X, 78 51 ~60 V X, 7E 46.0 ~47.0 Hz X, 7F
55 ~65 V X, £ 51 ~52 Hz [X [a] P Ff 7 0 52 B0 4% K
(KRR A4 R o A aE 1 X, X, Y52 4% 26 A ok
FE DR TRk 41 2l 0 PR A8 B 25 e R v T X
OB b PR HERR TS A 1 AL kA
FRLIE It N GG o 08 R TR R A TR
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T30 B R B B i UL 26 0 B R IR
TR 2B A T 280 23 A AT R A e R AR 2%
3.6 SHEMK

i3 Design-Expert 13. 0 54 % i 5 [n] 9 45 #1
HEAT AR SR i, LORLHE & 48 % Z, B KAH AT R &
7, B/ MEFFFRLER B R 7 mo/ME R LAE B, T
BHEH R X, TR IR SR X, SR 8 H R X A
i B B sh iR X, A Ak xd 4, i ] Optimization
B, A H AR ok BOR 29 3 45 44k
max Z, (X, ,X,,X;,X,)
min Z, (X, ,X, X, ,X,)
min Z,(X,,X,,X,,X,)
« L [S0V<X <60V (13)

46 Hz< X, <48 Hz

55 V<X,<65V

50 Hz< X, <52 Hz

T BB PR B HE RN AR TAES B G X, h
60 V, X,k 46.0 Hz, X,k 55 V,X, >} 51. 6 Hz, H I XF
KL BE B k& R Z, R 90.6% , KR A R Z, R
2.8% FPRiBREEHR Z, 8 2.2%

4 IIEIXIE

L 3000 7 HB 5L 958" F Kb T A ik 46 X 42, il
LR S R A T 88 S48 X, =60 V, X, =46.0 Hz,
X, =55V, X, =51.6 Hz, 3 B AT 3 K& W E K
5, AR 3 min, 32 50 B 09 1 2 AR O i 5 1 5
TR, IR WA 16 FTR B IELS Rk 8 fiR.
L5 R AL T 25 5 A X R 25 N T 5% , %% B G
TR 55 43 3 RE 38 1000 K/ min

H R 8 IR I B IR L R T 0, M DL R S8
G PR 2 4%, 15 2T BRI A A% 5 90.5% |
SR AT R A RN 2.9% | ki vk B R R
2.3% ALk 1R T OB T R R A AR R B
ERKF AL 5 2 BARNKE AL TR B 23 0 1 A7, HE b8 478 W
TR 5 4 T oK

K16 2B AR LR A

Fig. 16 Renderings of device operation
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Tab.8 Device test verification results %
WS RBE AR Z, FREA % Z, KRB R Z,
1 89.5 2.9 2.4
2 90.0 3.1 2.0
3 92.1 2.7 2.5
- H{E 90. 5 2.9 2.3
5 #ig

(1) T XWE A I 3h HeF R0 K D 5 43 3%
PP T RIS A3 OCRAR RFRL N A R
R SF IS o B AR B 28l B Bl 2 kTl
AT FETA R R AL R I 43k A 1 o

(2) MRHEEHE X, R 35005 X, RISl A R
X, PRSNIH X, L K 38 B AR 2 R R A 5 il A
5oy vE ) R EERZ A H R 56 R H 2 oo LA A5 BRI
B Z, KPR G 23 Z, FPRLGR B R Z, 1 [l 5 Jr
P, BTG R HT B T VU PR3 B A8 HAE G
KL 5 M A8 FPRLIG 5 30 OFFRLER B A B

(3) XFial 58 25 SR AT AL 0 B 5 1, Y 4% 3%
R A 10 em/s, T ORHE HL R B ) 0 R 43 G N
60 V 46. 0 Hz, X146 % H & P s 4 5 40 il ok 55 V
51.6 Hz B, fE ol &% R & A R BB & 4% R Gk 3
90. 5% FFHi I AR I8 F 2. 9% KRBk B R Ik 3
2.3% , SRR AL T 45 R AR 25N T 5% o 3
X b A DU 55 43 1 9 2K 1 000 K/ min, T P
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