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Design and Test of Comb-teeth Reciprocating Chrysanthemum
morifolium Picking Device
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Abstract; Aiming at the problems of manpower consumption and low picking efficiency of Hangzhou
white chrysanthemum, a small and practical comb-tooth reciprocating device for Hangzhou white
chrysanthemum picking was designed. According to the growth characteristics and picking abstracts of
Hangzhou white chrysanthemum, the structure of the picking device was modeled by SolidWorks
software, and the picking device was built. The device utilized comb stripping and rolling brushing
cleaning functions of comb and the quick return characteristics of crank-rocker mechanism to achieve the
harvesting of Chrysanthemum morifolium. The physical and mechanical properties of Chrysanthemum
morifolium were tested. In order to obtain the optimum working parameters of the device, field tests were
carried out. Firstly, through single factor picking test, three main factors affecting picking effect were
determined, namely, comb reciprocating frequency, comb spacing and comb working depth. Then, with
comb reciprocating frequency, comb spacing and comb working depth as experimental factors, the
orthogonal test was carried out to evaluate the picking rate, impurity content, breakage rate and landing
rate of Chrysanthemum morifolium. Under the combination of reciprocating frequency of comb as
40 r/min, distance of comb as 6. 5 mm and working depth of comb as 200 mm, the picking effect was the
best. At this time, the picking rate of Chrysanthemum morifolium was 92.47% , the impurity rate was
11.07% , the damage rate was 1.48% , and the landing rate was 1.41% . The comb reciprocating
picking device of Hangzhou white chrysanthemum achieved good picking effect.
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Fig.1 Device structure diagram
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Fig.2 Names of parts of Chrysanthemum morifolium
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Fig.3 Measurement of physical and mechanical

parameters of Chrysanthemum morifolium
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Tab.1 Diameters of different parts of Chrysanthemum

morifolium mm

s N -1 {E P i 22
12 24.5~39.5 35.4 2.75
1t 9~12 11.32 1.31
16 1.00 ~1.25 1.25 0.10
57 1.95~2.15 2.04 0.08
— AR 3.12 ~4.32 3.33 0.53
F ke 6.5~7.1 6.59 0.24
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Tab.2 Breaking force of Chrysanthemum morifolium

N
HR AL BNl -2 {E PR 22
TR 2.61 ~5.59 4.09 1.04
R H 16. 88 ~26. 61 25.30 3.99
— AR 150. 40 ~190. 75 170. 74 15. 66
X3 240. 00 ~307. 68 283.90 28.30
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Fig.4 Field test of harvester
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Tab.3 Factors and levels of simulation tests

K%
KF AEEBE A R TARRAE AR S
(remin~") B/mm C/mm D/(°)

1 30 4.0 100 40
2 40 6.5 150 50
3 50 8.0 200 60
4 60 9.5 250 70
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Fig.5 Single factor test results
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Tab.4 Factors and levels of field tests

A%
K R TES it 4 1] B TAERE
A/(remin~") B/mm C/mm
1 20 6.5 150
2 40 8.0 200
3 60 9.5 250
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Tab.5 Plan and result of test

B A B (AxB) (AxB), € (AxC), (AxC),(BxC), 55| %545] (BxC), 7541 734 bR/ %
Evass
1 2 3 4 5 6 7 8 9 10 11 12 13 7, 7, Mo Ul
1 1 1 1 1 1 1 1 1 1 1 1 1 1 71.36 8.59 4.25 8.70
2 1 1 1 1 2 2 2 2 2 2 2 2 2 86.82  13.96 4.23 3.12
3 1 1 1 1 3 3 3 3 3 3 3 3 3 88.75 16. 15 6. 06 1.50
4 1 2 2 2 1 1 1 2 2 2 3 3 3 78. 68 14. 00 2.33 7.87
5 1 2 2 2 2 2 2 3 3 3 1 1 1 84.39 11.73 4.16 6.54
6 1 2 2 2 3 3 3 1 1 1 2 2 2 89.29 12.85 4.17 2.10
7 1 3 3 3 1 1 1 3 3 3 2 2 2 78.82 7.69 4.98 14.49
8 1 3 3 3 2 2 2 1 1 1 3 3 3 84.21 7.29 4.17 6.54
9 1 3 3 3 3 3 3 2 2 2 1 1 1 82. 67 13. 66 6.05 5.67
10 2 1 2 3 1 2 3 1 2 3 1 2 3 85.83 11. 14 0 2.89
11 2 1 2 3 2 3 1 2 3 1 2 3 1 92.47 11. 07 1.48 1.41
12 2 1 2 3 3 1 2 3 1 2 3 1 2 88.57 15. 06 6.45 6. 14
13 2 2 3 1 1 1 3 2 3 1 3 1 2 90. 35 13.00 1.29 1.79
14 2 2 3 1 2 2 1 3 1 2 1 2 3 95. 89 12. 00 3.10 3.41
15 2 2 3 1 3 3 2 1 2 3 2 3 1 88.37 13.89 5.00 5.28
16 2 3 1 2 1 1 3 3 1 2 2 3 1 84.13 1.22 1.89 1. 46
17 2 3 1 2 2 2 1 1 2 3 3 1 2 87.72  15.58 2.00 3.04
18 2 3 1 2 3 3 2 2 3 1 1 2 3 85.11 16. 67 5.00 8.15
19 3 1 3 2 1 1 2 1 3 2 1 3 2 81.01 13.44 6.45 5.46
20 3 01 3 2 2 3 3 2 1 3 2 1 3 88.14  15.58 4.41 2.95
21 31 3 2 3 1 1 3 2 1 3 2 1 84.42  19.05 6. 06 1.50
22 32 1 3 1 3 2 2 1 3 3 2 1 81.57 12.70 4.65 6. 65
23 32 1 3 2 1 3 3 2 1 1 3 2 75.58 14.58 2.63 4.56
24 3 2 1 3 3 2 1 1 3 2 2 1 3 80.70  15.10 8.70 1.28
25 3 3 2 1 1 3 2 3 2 1 2 1 3 81.25 12.90 2.56 7.75
26 3 3 2 1 2 1 3 1 3 2 3 2 1 84.85 15.53 3.57 1.12
27 3 3 2 1 3 2 1 2 1 3 1 3 2 74.53 16.77 6.98 7.78
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Tab.6 Intuitive analysis of each index %
A B (AxB), (AxB), c (AxC); (AxC), (BxC), =5 25 (BxC), =53 75 41
1 2 3 4 5 6 7 8 9 10 11 12 13
ky 82.78 85.26 82. 44 84. 69 81.44 82.19 82.73 83.70 84.19 83. 80 81. 84 83.91 83.80

k, 88.72 85.00 84.43 84.77 86.70 83.93 84.59 84.48 83.50 84.81 85.55 85.84  83.65

e ks 81.36 82.59 85.99 83.40 84.71 86.74 85.53 84.67 85.16 84.24 85.46 83.10 85.40
2= 7.36 2.68 3.55 1.36 5.25 4.55 2.80 0.96 1. 66 1.01 3.71 2.74 1.74

ky 11.77 13.78 12.73 13. 64 10.52  13.51 13.32  12.60 11.34 12.89 13.18 13. 47 11.94

ks, 12. 18 13.32 13. 45 13.35 13.04 12.14 13.07 14.16 14.31 12. 66 11.58 13.51 13. 66

KE ks 15.07 11.92  12.84 12.03 15. 47 13.37 12. 63 12.26 13.38 13. 47 14.26 12.05 13.43
W2 3.30 1. 86 0.72 1.61 4.95 1.37 0.68 1.89 2.97 0. 81 2.68 1. 46 1.72

k, 4.49 4.38 4.38 4.12 3.16 4.29 4.43 4.26 4.45 3.51 4.29 4.43 4.12

k, 2.91 4.00 3.52 4.05 3.31 4.16 4.74 4.05 3.43 4.75 4.16 3.97 4.35

M ks 5.11 4.13 4.61 4.35 6.05 4.06 3.34 4.21 4.63 4.25 4.06 4.11 4.04
W22 2.20 0.37 1.09 0.29 2.90 0.23 1. 40 0.21 1.20 1.24 0.23 0. 46 0.32

k, 6.28 3.74 4.27 4.49 6.34 6.58 5.50 4.05 5.08 4.72 5.91 4.87 4.26

k, 3.73 4.39 4.84 4.34 3.63 3.66 6.18 5.04 4.63 3.95 4.43 4.83 5.39

™ ks 4.34 6.22 5.23 5.51 4.38 4.11 2.67 5.26 4. 64 5.68 4.02 4.65 4.70
W2 2.55 2.48 0.96 1.17 2.71 2.93 3.51 1.22 0.45 1.73 1.89 0.22 1.13

AN AB,C, WL H SRR R 0,36 Bixdibn ROIUKEMERLS , DLSCBINT A A UL R 4, 42 5
Y BEARCIR S, (BT 11 28 R 4 R8I, O 85.83% , &% BEIKA T AL .

ARER Oy 11 14% £7 SEFWERZEEA
X]L%%ﬂﬁfb 93’ X — 5 *T HH %‘z 8 T%ﬂ 1£EL/Fﬁ Tab.7 Interaction of indicators of factors %
FRERU TAERERN R EAER AC 8 EW L 5 AR W2 o " ” m
AR A Btk IR B MR TAEIREE C ¥R A, x B, 82.31 12.90 4.85 4.44
WEERNE., BEWHEK/NNAC.CAB, HEOMW A x B, 84.12 12.86 3.55 5.50
USRI % A IR % C R T 3, pmoowem s e e
HE BTN 1, 25 Fal AL, e fE & KFE Asz; o1 54 12 06 i3 5 40
HE N AB,Cy B e Rk 30 1.50% , (H R A A, x B, 85. 65 11.16 2.96 422
R, N 84.42% , % A4 ik B e s fE, M Ay x B, 84. 52 16. 02 5.64 3.30
19.05% B4R 2 6. 06% . A, xB, 79.35 14.13 5.33 4.16
5500 2 1 SE PR oR A K, T LR A B IR As B 80.21 15.07 37 333
AR 45 30 B8 1 0 5 5% 8 0 4T P S (O
BL T 48 5 458 R DL B VK g5 2 SRR AT RRAIG , | A, xC, %6. 90 142 s 1 309
e e 3 MR R N RIEAKTFAE AN AB,C, . TEILHAE 4, x C, 86. 77 8. 45 1.06 2.05
HKPHE T AR REREN 92.47% , & H=FH 4, x €, 92.03 12.88 2.19 2.62
11, 07% R 1. 48% SEHIR SR 1. 419 . 4, % Cs 87.35 15.21 5.48 6.52
152 it Ay xC, 81. 28 13.01 4.55 6. 62
A, % C, 82.92 15.23 3.54 2.88
I 3 S M B, B IR T A A TR A 2T 1 A R i A %€, 7088 16,97 7 25 3 59
IEE BN IR B R AT B R AR, AR T i B B, x C, 79. 40 11.06 3.57 5.68
FETAESE 0 R R i 26 B T N L FHERT i , AL By xC, 89. 14 13.08 3.37 2.49
ey AT 2 N AR R, 5t i By x G 87.25 16.75 6-19 3.05
BRI, R T BT R ?ﬁ%ﬁézﬂmlﬂﬁw’ﬂﬁs” Bxemey om0
B, x C, 85. 35 12.77 3.30 4.84
KA B O, 1250 158 25 N AT S A, T DA X R 4k 2 B, xC, %6. 12 13,95 s 6 5 89
W E SR R LT R XA A S fﬂ?ﬁ‘*ﬁ, By x C, 81. 40 7.27 3.14 7.90
i 48 25 43 A A R o — B0, A8 T LR %, IF HLARUE B, x C, 85. 59 12.80 3.25 3.57
KA B TAE IR 58 -5 b 4 oA mE v — 2, A8 By x & 80.77 15.70 6.0t 7.20
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Tab.8 Variance analysis for each index

2 5 A B F F il S A5 &
7. n, 7, moooMme M, My Mmoo M om, om,, M oM M M M. M, M, M

A 274.09 58.32 23.14 31.95 2 2 2 2 15.75 3.21 5.77 6.14 4.46 4.46 4.46 4.46 = -
B 39.17 16.84 0.65 29.83 2 2 2 2 225 0.93 0.16 574 4.46 4.46 4.46 4.46 *
(AxB), 56.96 2.71 5,93 419 2 2 2 2 3.27 0.15 1.48 0.81 4.46 4.46 4.46 4.46
(AxB), 10.54 13.23 0.43 7.32 2 2 2 2 0.61 0.73 0.11 1.41 4.46 4.46 4.46 4.46
c 126.61 110.12 47.87 3522 2 2 2 2 7.28 6.06 11.93 6.77 4.46 4.46 4.46 4.46 s+ % x =
(AxC), 94.80 10.24 0.25 44.72 2 2 2 2 545 0.56 0.06 8.60 4.46 4.46 4.46 4.46 = *
(AxC), 36.53 2,15 9.73 6233 2 2 2 2 210 0.12 2.43 11.99 4.46 4.46 4.46 4.46 #
(BxC), 4.69 18.34 0.22 7.5 2 2 2 2 0.27 1.0l 0.06 1.45 4.46 4.46 4.46 4.46
(BxC), 80.64 32.65 0.23 17.79 2 2 2 2 4.63 1.80 0.06 3.42 4.46 4.46 4.46 4.46 =
%24 69.61 72.74 16.05 20.80 8 8 8 8

B EMIKFE «=0.05,

b, Bl E M R, B Al R B R
(2) W13 3% % & 0 i AE TAES 80, A8 | )4y
(DB T —FM e E b A4 RMRE, BT TRERAES RS, R R R R
SR 478 BT Pl BRI A0 — 2 O AN E AR UL 2R, A BB 40 o/ min AR A [E] BE 6.5 mm FIAR A AE IR E
FERE U4 09 2 100 6 K (0 0 40 R A B AF LA 9 20l 200 mm (SIS R AT 35 I SRR R 92. 47%
Rk, SEEAT 35 ISR WP, #8527 OR R EAE S AR 11.07% B 1 48% L IE IR R N
PL, BLES I A7 RS E , 38 T T o) Aok o B SR A 1 41% RARCR
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