20204E 11 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi ¥51 % R 1L

doi:10.6041/j. issn. 1000-1298.2020. 11. 020

EFRYRBNREHEEDEOHERR

B AeTE EAA IR EHN fRE
(1. WAL B BUB S 7 T FR2% B, BRI e 712100
2. A B AR VR T 505 L BRI b 712100,
3. BRIl £ BN 5B RS T 95 % B DA 712100)

FEE: S0 RIGH A LESE mBCRAK 57 i B KSR, DL 15 57 H il s sl &, 88 7 — Mk T
S B SRS H W A S W k. BTSN TR H R R TR LA B R, X 3 AN 15 e i A gl e RO e
132 gh R g PEIEAT T BRI 0T s HLUk , BN T M FLAR A Bk ADAMS BRI T 26 PRI ARG H
FE 1] 3o A T 060 B 25 (8 RISR G H i 0 il 5 R AR Tl R 0 e A BE B D A AR R s s L S A g 1 AR T & D
SRR AR Al TR AR 1) [ R R D I PR R, DSRS0 Bl R A i T e A R ) B 2R K IR 4
B, HEAT T B R AN IE SIS0 o B A T AN B4 R AR SRS H S TE S a8 sl ad AR i, 3 T R 1 S % s 15 = I
HofE— b e g, Hizig RS S fE Ml T R HEW A s M. KR RERW, L0 EZ5 k5 H
Wb B 5 R 0 T 2 1 T A R A I 8 R RO Ry R e AR A e (R AR e (D B 3 PR R R S e
Ty 5 e 1Y o 25 R R Ry A BRGSO Il I A D B e A S AL O R B AR 80 mm Bl [ 7] B
80 mm A2 [ A B 70 mm A E 6 rad/s, FERMSEA G T AT THAERE 25 R R R 5 H 0%l 5 48 46 4
LR Je ST BIE N (6. 72 £1.23) ° 7 [l i i B A1 S 6. 8 s, 5 6] )%y 96% , Wi A R J5 H i A 8l 5] I 5 52 e il
ALK

KW CRJEH W Fahia A, B wWmmar E] 3
hE 4SS $226.5; S635 SCERARIRED: A XEHE: 1000-1298(2020)11-0183-13 OSID . E%%i%

o

Automatic Orientation Method for Postharvest Cabbage Based on
Moment of Inertia

CUI Gongpei' ZHENG Xinmeng' CUI Yongjiel’2 WANG Jingzheng' SHI Yinggang]’2 FU Longsheng"3
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China

2. Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China

3. Shaanxi Key Laboratory of Agricultural Information Perception and Intelligent Service, Yangling, Shaanxi 712100, China)

Abstract; The orientation of postharvest cabbage is the key to the automatic operation of the postharvest
processing system, which provides the position and posture conditions for the subsequent root trimming,
detection and grading, etc. Aiming at the problems of low efficiency and high labor intensity of artificial
continuous orientation of postharvest cabbage, an automatic orientation method based on the moment of
inertia for postharvest cabbage was proposed, and the “Zhonggan 15” cabbage was taken as the research
object. Firstly, the simplified geometric model of postharvest cabbage was established, and the moment of
inertia in the three principal axes of inertia and the motion stability of postharvest cabbage during
orientation were analyzed. Secondly, the orientation simulation model was established, and the variations
both of displacement difference and included angle with time of 26 initial attitudes of postharvest cabbage
during orientation were simulated and analyzed based on ADAMS software, to verify the feasibility of the

method. Finally, automatic orientation test platform was built, and single factor test and orthogonal test
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were carried out with the roller diameter, axial clearance, radial clearance and angular velocity as test
factors, and the included angle between the central axis of postharvest cabbage and the roller axis and the
orientation success rate as test indexes. It can be seen from the theoretical analysis and simulation
results, postharvest cabbage gradually tended to rotate around the central axis with the smallest and only
moment of inertia during the orientation, and the movement state was stable. That was to say, the
automatic orientation of postharvest cabbage by this method can be realized. The experimental results
showed that the primary and secondary influence order of test factors on the included angle between the
central axis of postharvest cabbage and the roller axis was roller diameter, angular velocity, axial
clearance and radial clearance. And the primary and secondary influence order of test factors on the
orientation success rate was angular velocity, roller diameter, axial clearance and radial clearance. The
optimal parameters of roller diameter, axial clearance, radial clearance and angular velocity were 80 mm ,
80 mm, 70 mm and 6 rad/s, respectively. On the condition of the optimal parameter combination, the
validation test was carried out. The average included angle between the central axis of postharvest
cabbage and the roller axis was (6.72 +1.23)°, the time needed for orientation was 6.8 s, and the
orientation success rate was 96% , which met the requirements of automatic orientation and subsequent
high-throughput processing for postharvest cabbage, and also provided theoretical basis and technical

support for orientation operation of postharvest processing that can be applied in other irregular spherical
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fruits and vegetables.
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Fig. 1  Structure of postharvest cabbage and measurement
method of parameters
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Tab.1 Physical parameters for postharvest cabbage
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Fig.2 Structure diagram of automatic orientation test

platform for postharvest cabbage
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Fig.4 Motion state of postharvest cabbage during orientation
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central axis of postharvest cabbage and roller axis
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Fig.8 Displacement difference change of postharvest

cabbage paralleled to coordinate axis
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Included angle change between central axis of

postharvest cabbage and roller axis during orientation
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Fig. 12 Automatic orientation test platform for

postharvest cabbage
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Tab.3 Factors and levels of orthogonal test

%
KF RBER HimEIR/ RERR, MEE/
mm mm mm (rad-s™")
1 70 60 50 4
2 80 70 60 6
3 90 80 70 8

RS H W rpoO Bl 5 R A R e AR ) LT
AR A 16 b a5 A B R AR BAR AL IR
/(I

(1) 3 A, 43 0 6 T i AR 0 v o0 0 B AR 35
rhC a5 B 1 H R TS O i A K EE R 15 mm
PR 25 8 5 PO A A 2 R R R FE AP K B2 3800 5 mm,
L3 b b 200 AT g o b B DA F S 2 BIR b
B R O AR I R A U

(2) 3T Live View HLA 55 il 554 4K IR 1R 45
18 S R AR $5 45 K 2R B2 SR S5 B W 1) S I AL
AT S it ks XA mpd , TR 30 £/, I i) 2y 20 s

(3) F FH Matlab 2018a Lk 3 i /) [ia] [ et 490 451 ik
150 WAL 3, I A5 3] JPG EZ .

(4) DA e it 2105 W A 28 B VE M Anad i, R
F Photoshop {45 R H X 1R 11 45 it 0 08 151 45
A AR Y 3 4R R e T 2k 1Y e Al TE AT E
g 13 fros 43 alieh 8,1 8, .

m 50 sm awy =y e e (B 8 O e Mo X |EED

e I T S W o,

(a) R fAO, (b) MHLI f19,
13 bRic s M A A 2 1 e A D o D7 1

Fig. 13 Measurement method of included angle

between mark points and roller axis
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Fig. 14  Effect of single factor on directional test index
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Tab.4 Results of orthogonal tests for orientation

e B ¢ » RJa H PO S AR S R TR
5 fhZ e 6/ (°) n/%
1 1 1 1 1 8.37 76. 67
2 1 2 2 2 7.65 86. 68
3 1 3 3 3 7.84 75.00
4 2 1 2 3 6.94 73.33
5 2 2 3 1 7.58 85.00
6 2 3 1 2 7.42 96. 67
7 3 1 3 2 8.96 91. 67
8 3 2 1 3 8.89 71.67
9 3 3 2 1 9.81 81.67
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Tab.5 Analysis of variance for included angle between

central axis of postharvest cabbage and roller axis
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Tab.6 Analysis of variance for success rate
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Fig. 15 Variation of orientation index with factors
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Fig. 16 Included angle change between central axis of

postharvest cabbage and roller axis during orientation in field
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