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Structure Design and Experiment of Hand-push Chrysanthemum morifolium
Comb-teeth Picking Machine

Ji Changying Wang Chunxiang Gu Baoxing Zhang Chun
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; In order to solve the human cost, low efficiency, non-mechanization and other issues of
picking, a Chrysanthemum morifolium comb-teeth picking machine was designed. The picking machine
was mainly composed of comb-teeth, two chains with installation holes, four sprockets, a driven shaft,
separating teeth, a box, a machine frame, four wheels, a stepping motor and control part. The gap
between comb-teeth was larger than the diameter of bud and less than the diameter of tire
chrysanthemum. The flowers were forced to take off by the impact. The test showed that Chrysanthemum
morifolium comb-teeth picking machine can take off the Chrysanthemum morifolium flower reliably. The
test was done when the flower moisture content was 82. 5% . The single test of comb-teeth gap selected
five levels (7.0 mm, 7.5 mm, 8.0 mm, 8. 5mm, 9.0 mm). The Chrysanthemum morifolium comb-teeth
picking machine worked well at the gap of 7.5 ~9. 0 mm. The drop rate was 0 ~4. 06% , the broken rate
was 0 ~1.00% and the removal rate was 92.43% ~ 98.11% . The orthogonal tests showed the best
combination of comb-teeth gap, separating teeth gap, feeding depth and rotational speed. Four levels
were selected such as 7.5 mm, 8.0 mm, 8. 5 mm and 9. 0 mm for comb-teeth gap. Separating teeth gap
included four levels such as 13 mm, 15 mm, 17 mm and 19 mm. Four levels (125 mm, 150 mm,
175 mm, 200 mm ) were chosen for feeding depth. Rotational speed selected four levels such as
30 r/min, 40 r/min, 50 r/min and 60 r/min. The test showed that when the comb-teeth gap was
8.5 mm, the separating teeth was 17 mm, the feeding depth was 200 mm and the rotational speed was
60 r/min, Chrysanthemum morifolium comb-teeth picking machine would work better. The removal rate
was 97.61% , the drop rate was 0. 65% and the broken rate was 0. 03% at this time.
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Fig. 1 Structural figure of Chrysanthemum morifolium

comb-teeth picking machine
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Tab.1 Mechanical parameters of Chrysanthemum

morifolium plant
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Fig.2  Forces on flowers
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Tab.2 Measuremtnt result of diameter of

Chrysanthemum morifolium plant mm
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Fig.3 Trajectory of working comb-teeth
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Fig.5 Trajectory of working comb-teeth with different

velocity ratios
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Fig. 6  Motion analysis of comb-teeth picking process
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Fig.7 Experimental device of comb-teeth picking machine
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Fig.9 Impact of comb-teeth gap on drop rate

and broken rate of flowers
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Fig. 10 Impact of comb-teeth gap on removal rate of flowers

R R B B AR ORI T Bk 7.5 ~
9.0 mm, fE & MR 0 ~ 4. 06% , 18 4 B 5
JUEl 0 ~1.00% , 6 2= H B R HE N 92.43% ~
98.11% ,
3.4.2 EXZIAE

BRI RS RINE 4 R, AB.C.D N
DR AT o O WS 0 A 16 PR 20 0 a3 445 2R 1 2
Wi 8 52, Xob 06 45 SR AT A 22 R 22 0 M, o0 B 4 2R
N2 s.6 fim.

12 6 J7 22 3 A LA AL 147 [ BAUX 78 2 v Ml o
AT SR E RO, N B R — RE R, L 1A T BOR T
8.5 mm i, 76 2% vis 1 R A AL A BERE AR PRI T 1o oy
AL 8] B XH A8 e 7 3 3 AT 235 52 W), X BR R A —
RESLM o oy AEVR A T8 5E Je £ FE AL B WL ¥ 46 A 1Y
PR T, 0 A6 K T8 B DR /N B 426 52 VR 6 2 178 B3R 25 M0 % 3

R4 EXHEARSER

Tab.4 Results of orthogonal experiment

WBE A B C D 2 ok ik ?Eékw}i
BB/ % HWFR/ % TR/ %
1 1 1 1 1 1 89. 06 7.68 0.34
2 1 2 2 2 2 82.79 9.00 0.23
3 1 3 3 3 3 93.77 7.48 0.54
4 1 4 4 4 4 93. 01 3.67 0.29
5 2 1 23 4 90.77  11.53 0
6 2 2 1 4 3 88.20 8.13 0.48
7 2 3 4 1 2 90.72 2.51 0.31
8 2 4 3 2 1 96. 62 0 0.23
9 3 1 3 4 2 86. 15 1.16 0
10 3 2 4 3 1 94.98 1.21 0
11 3 3 1 2 4 93.62 0 0
12 3 4 2 1 3 98. 54 1.61 0.11
13 4 1 4 2 3 93. 49 8.59 2.39
14 4 2 3 1 4 85.64  14.39  0.55
15 4 3 2 4 1 93.43 0 0.15
16 4 4 1 3 2 93.55 5.94 1.03
x5 WRMEFWER
Tab.5 Results of range analysis
IR TE bR A B c D
k, 89.66  89.87  91.11  90.99
k, 91.58  87.90  91.38  91.63
S ky 93.32  92.89  90.55  93.27
o ky 91.53  95.43  93.05  90.20
W2 R 3.66 7.53 2.50 3.07
B E A,B,C,D,
ky 6.96 7.24 5.44 6.55
k, 5.54 8.18 5.54 4. 40
ky 1.00 2.50 5.76 6. 54
EA IR k, 7.23 2.81 4.00 3.24
W R 6.23 5.68 1.76 3.31
BILHE A;B;C, D,
k, 0.35 0.68 0. 46 0.33
k, 0.26 0.32 0.12 0.71
A - ks 0.03 0.25 0.33 0.39
AR k, .03 0.42  0.75  0.23
2 R 1.00 0.43 0.63 0.48
BEAE A;B,C, D,
ES A

e R RN AR A, B, C, D, 6575 i 2%
B AR Ay By Co Dy, A6 A W R A A
AyByC,D, o RAEFLV R 8.5 mm B ,3 g b5 34
KB . A A6 1 () B X A6 2 VK R B R,
MEE A TR B 0 = sl A T X 3 A A TG S 35 R,
T O 45k AR AL AR B, 46 2 5 b 453 2R 650 g e 4 O ™
N SE R AL S Tk R, e, RN R E N
200 mm , 3l H S 60 r/min, 5 F i 145 4 AEHL
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Tab.6 Result of variance analysis

i T

EERS - FHEM OAHmE B F b

A 30.47 3 10.16  0.80

B 13563 3 4521  3.58 0
€IS 3 5.85  0.46
ERIIRA 04 05 3 8.02  0.63

Wz 7585 6 12. 64

BRI 283.54 18

A 99.80 3 33.30  4.99 «

B 10417 3 3472 5.21 «

- c 812 3 271 0.41

ERERE L 0 s 10.80  1.62

2 40.04 6 6.67

BRI 286.62 18

4 222 3 0.74  3.36 0

B 0.43 3 0.14  0.65
. c  0.80 3 0.27  1.21
ERMIE 4 3 0.16  0.73

B 1.30 6 0.22

BAEL 523 18

T Fo01(3,6) =9.78,F) 5 (3,6) =4.76,F, 1, (3,6) =3.29,
F()_()5(396) <Fa(3,6) <F()_o1(376)%%2uﬁﬁ%,m * ﬁ%;Fn.l()(?’s
6) <F,(3,6) <Fyo5(3,6) WA, o £,

TAERARA S N A B, C, D, I, SR AL B 8] B Sy
8.5 mm, s fE 5 A BR R 17 mm , B AR 4 200 mm,
R 60 r/min, i 4 5 A8 AL AR SOR B 48, 8 5 3
o 15t B I 6 A B 97, 619% 1 2 T Mo Wy
0.65% ,E A EZ 0 0.03% ,

52 SRAW 2= AT R, AN SO AT 8] Bt e 2 3 2
SFHATOIIE . TR Z R, QAT R AL
AR T HATE BT R AR Gz Bl B R AE AR A
RAEHL . HEEAE R R, IT R A g
gl b e A ELAE B

4 it

(D) Bt 7 —Fp T e 3 s h e,
TEHURAEAS o3 AE A i B8 LA SR AR 1A 2 46 147 8] Bt
AR PR Yl AN TR i B A TR /N A e SR A
TAEHLRACNT W 8] B R T B3 BAR /N TG % Az,
FH b T AL R AT T o IR B U A A
G AEAILRE % ] 5 S BT 1 48 4B R A LA

(2) XA [ 2R 6 A 147 1) B2 300 47 B0 DR 3R ik 6, 7
it 147 (B R /N T 7.5 mm 5 A8 2 Fik B3 25 I AL 147 (1) B2 1)
HRM T7.48% 2 R34 & 98. 11% . 1E Fii V47 1] B
KT 7.5 mm BF, 785 0 BR R AL 95% Wiz desh. Hi
WA BN 7.0 ~ 8.5 mm W, fE R FE K 0 ~
2.44% ALk E N 0 ~0.51% ,

(3) IEAZ I 50 25 J R B, R AL 47 8] Bt S 73 4K
AT TR 2 0oF A 2 7% 1 30 52 W) 8 32, 20 A6 AT T B X 478 B3R
A —TE S, R A AT 1] B 0 B 4 AT — S R
it A7 1 AE L A AL A D R AR R A T B A
8.5 mm, /3 AR [E] B o 17 mm , BE AR & ok 200 mm,
F g B e O 60 r/min, I B AE J% i BR R R
97.61% , {1t 7k ¥& b % 0.65% , 1k I B 1 56 hy
0.03% ,
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