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Design and Reuse Technology of Mechanical Soybean
Seed-metering Device Based on CBR

LIU Hongxin ZHOU Xingyu JIA Ru FU Lulu
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to reuse the design knowledge of mechanical soybean seed metering device, shorten
the design cycle and reduce the design cost, the design reuse technology of mechanical soybean metering
device was studied. It’ s difficult to describe the design knowledge qualitatively and quantitatively of the
traditional knowledge representation method of case-based reasoning ( CBR ), such as frame
representation, semantic network representation, predicate logic representation and so on. In order to
realize the visualization, standardization and unification of design knowledge, the product design
knowledge was described in the form of case matter element which contained case name, characteristic
attribute and measure value. The method was beneficial to the effective use of design knowledge. In order
to facilitate case storage and retrieval, the organization structure and case creation method of the design
reuse were studied, Classification of basic hierarchy by seed-metering device category, and a case base
was constructed which case model was corresponding to the case matter element, and some case relational
matter elements were contained in the case base. This kind of organization structure was beneficial to the
retrieval and reuse of examples, which made the restorage of cases follow the rules and provided
convenience for the management and maintenance of the case library. At the same time, the components
of the products were no longer isolated individuals, which fully reflected the overall characteristics of the
products. In order to quickly retrieve the instance that met the design requirements from the case library,
the characteristic property parameters of the instance were divided into basic parameters, matching
parameters and evaluation parameters. The retrieval range can be reduced to a specific type and operation
speed of seed metering device for retrieval by the selection of basic parameters. Similarity of cases was
calculated by using improved nearest neighbor algorithm. The weight of the attributes of an instance can

be determined by expert scoring or analytic hierarchy process ( AHP) method, which can reduce the
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amount of computation and improve the efficiency and accuracy of retrieval. In order to meet the specific
design requirements of the user, the quantitative relationship between the design requirements and the
structural parameters of the instance was established by using the method of rule association, and the
rapid revision of the case was realized by modifying the key parts of the case-parameterized model. An
example of mechanical soybean seed metering device design reuse was given, the case library was
constructed by using Access and computer aided three-dimensional interactive application ( CATIA) , and
the retrieval, evaluation and correction system of metering device was developed by Visual Basic.
According to the current job object, the feasibility of the similar metering device was verified by using
engineering discrete element method ( EDEM ) software and the modification suggestions were put
forward. Finally, the simulation and prototype test of the revised metering device were carried out. The
results showed that the improved metering device can meet the current requirements. The feasibility and
effectiveness of the design reuse technology was validated. At the same time, it can also provide technical
reference for intelligent design of other types of mechanical equipment.

Key words: mechanical seed-metering device; design reuse; case-based reasoning; matter-element;
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Fig. 1 Design reuse flowchart of seed metering device
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Fig.2 Schematic of organizational structure of case library
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B —E I 3N R LR, TR AR HE AR S5, e TFRE D 42 Ao BT S HERN SR S 8Nk 3 B .
FERNES AL, B SR . ERISLE AR 8 mm HERP B BOHERR AR B R AN AT 10 Bk .

x2 HMEEREXIG

Tab.2 Recommended cases of seed metering device

H# 52 4 ML e/ (km-h ') HERMEEE AR/ mm SAEIEEU % e/ % AR/ 6
1 7 2 2 B HE R 2R 0. 68 7 220 91.6 0.05 220
2 2054 BT AR AL HEFD &% 0.48 7 210 92.3 0.8 320
3 XU 372X 5] 2 HEFD 4 0.43 7 230 90. 7 0.3 190

x3 HMBSHI

Tab.3 Comparison of parameters of seed metering device

WA HER R ER HERMEITL BLBH/ BALER,  HEREREL HEFhARSERE  HERPERRIES O BRESENE/

Fh s mm fwifa/(°) A~ mm mm mm mm mm
1& SR 220 68 36 9 232 126 273 30
B 230 68 42 8 242 126 283 30

TR AR TR Y IR0 Sy - e S BR Y AR 4
B S TT R I BR 1 A1 A8 B 5 78 HELER 1 R0 7 TE A
BR (0l 26 SO TR b5 6 W RS BE O SR, sk
RO READ T AR BIR AT 4.5.9 13 Rt iR
TR FROR R 11 TR, 4.5 RS R EROE 22
\ P AR R85 A, 38 FLLR W 8,9 13 BREE HEE M ERE | it
OF il (b) Ml R Ry, BS b 7 S R B 22 5 I B T S bR

10 dFRbs = AR A O (P B  BR 0 22 x  O0i S0TE 0 B T

Fig. 10 3D model of seed metering device DL 52 (1 il 7 20k K Ol 5 RURL JE AR L 25

6.4 ERHESH#H &I T AN il £ i B T R AT B, R 9
6.4.1 EDEM jE {5 K BRFCH A KGR 7R, B E ROk R 2 OE S

FI ] EDEM # P I8 B 5 i HERP 28 ik 17 s i Ao
JCO BB E . B fil Bl 4% 557 O Herz — Mindlin ( no
slip) built — in B, ff 2L 2 B E £ 4 Fr

— [28-29]

7N o

*4 EDEM (FESHIKLE
Tab.4 EDEM simulation parameter setting

Py Py Py (a) 43 (b) 5%k
THFA 0.25
pNICR IE A KR/ Pa 6.12 x 10°
B/ (kgom ™) 1168
A H 0.3
A B B THT BB/ Pa 7 x10"
B/ (kgom ) 7 800
/R 0.55 (¢) 95k (d) 135k
bR Tt B T T 4 IR 0.45 11 KRG R
TR Bl BE R 0.06 Fig. 11  Soybean seed models
L E Y8 0.56 . " " N -
T o A HERRAS CATIA ZELHI 5 470 stp 1 X IF
e B 003 S AE] EDEM Pk, U2 B HE R 0 % 3 W 0, OF

A P 2 TOUT 20 3l S TR UL ) o HER S e e i 5
R 16 REMTEIEPMEIE SRR Kh
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z, LRI

RIS FRIEE , B 10 em

AR 75 3K S 81 9 7 X HE 4 Al o B R
XPAE N FETE 7 km/h T HE R a8 VR A 00 3 47 1 40
P, F AR B &850 91.3% , & # 45 %X
8.3% ,INIKIE % 0. 4% |

18 BRUIS  HERD 88 75 S HT AR X 2T G A% 8 BOR
T 90% i & 1T oK H/N TSR R 91. 6% , 5
7 15 B0 = 2 18 B G A AR AR R A
XF EDEM {5 B i3 88 43 B & B, =1 4 5 2000w = 7 it A
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Jl 7 1 4 T s ol - [] B L S A D0, L 22 AR 1 il
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A AR S G ek B b, N AL AR R . H
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P12 HE b 2% 4 B0 06 1 15
Fig. 12 Screenshots of seed metering device simulation test
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Fig. 13 Hole structure of seed metering
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device before modification
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Fig. 14 Hole structure analysis
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Fig. 15 Hole structure of seed metering device

after modification
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Tab.5 Simulation results of seed metering device at

different operation speeds

fEAb s BE/ iR LR, A HA 1%

(km-h™")  (r-min~') ¥/ % 158/ % 880/ %

4 7.25 100 0 0

5 9.06 100 0 0

6 10. 87 99.5 0 0.5
7 12. 68 99.2 0 0.8
8 14. 49 99.2 0 0.8
9 16. 30 98. 6 0 1.4
10 18. 12 98.7 0 1.3
11 19.93 97.1 0 2.9
12 21.74 94.1 0 5.9

B 2% 5 AT, 08 e 1 HE Al 28 1) T 15 18 B0 &
A oMl 8 1 R B T, H AL T HE e A B e AR
) ROSF /N A R & A, AEAE L3N 7 km/h
IF, A5 A% 45 2R 99. 2% , AR M M BE AH X5 B2 Hir 745
5
7.2 BZEAR

e EJE W HERR SR FE AL AT B 2R . 1
Hb 83 R AR G AR R 27 HE A B S5 50 A U R
BE 16 RUFh ¥, TR LN 170.67 g, A RIK
1E£7127.93°, B AL AR R IPS — 12 BB HLA 5
HEFh a8 HEREAT I IR 5 0 # M GB/T 6973—2005 H
B ORG 25) FE AL IS 7 ek 4T, B Al I A3 K,
WOV 408, HER 451050 & Sl 25 R 43 i an & 16 i
6 iR,

t2e 6 Al A, B 2000 45 1 5 0 B 45 R I A
[F],7E 4 ~ 12 km/h B9 FEML 3R , G 48 45 $OR X 3%

K16 R 5
Fig. 16 Seed metering test-bed
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Tab.6 Experiment results of seed metering

device prototype

Rk HF S Ak EHF O OWIE LR B

R/ UESUVANNNE S VANE -+ N -1 VA VA Y4
(km+h™') (r-min~') % % % % %
4 7.25 98.6 1.4 0 6.4 0

5 9.06 98.3 1.7 0 7.5 0

6 10. 87 98.3 1.0 0.7 8.9 0

7 12. 68 98.0 1.2 0.8 9.7 0

8 14. 49 97.2 1.6 1.2 10.1 0

9 16. 30 96.5 1.4 2.1 10. 4 0

10 18.12 95.3 1.1 3.6 11.8 0

11 19.93 94.9 0.8 4.3 12.4 0

12 21.74 92.9 0.7 6.4  13.2 0

8 #ig
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RN S U = I 2 o I RO R &S S

(2) 4 HERh 25 I8 M 4] 43y AR S50 L LS 800
I 2 80, i i i o B A 2 80, 7T 45 /R RS
FEL, % DC C 2 50RO fr 2 80k S 2080 i 3 58
SRk AT S B S B R R 5 PEAN X B O ik AT e b
SRR L B R R R ROR 5
1% o

(3) X = A HEFD 25 1 32 5K 3 2 Bk A7 8 e, I
Xif PR FL G5 R E A7 RO E BT AN IR B0 IE . 25 SRR
FE 7 km/h ARV T, A 4548 81 98. 0% H#% 45 4L
1.2% Jwi%16%00.8% A2 RE09. 7% W% 0,
SR S A HE R 2R 1 M AR A B TR L E R T R
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