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Design and Experiment of Hand-held Vibrating Comb-type
Coffea arabica L.. Harvester

YU Yingjie WANG Jian LAI Qinghui JIA Guangxin YU Fei CAO Ying
(College of Agricultural and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; In view of the trouble of high cost of manual harvesting and the difficulty of large-scale
machinery harvesting of Coffea arabica L. in the hilly areas of Yunnan, a hand-held vibrating comb-type
Coffea arabica L. harvester was designed. Through establishing the harvest dynamic model of tree —
machine and ADAMS simulation, the steady-state response expression of amplitude was obtained, and the
structural parameters of the key components of the device were determined. The rigid-flexible coupling
model of tree — machine was established in ADAMS, and the single-factor simulation experiment of the
harvester was carried out by using the methods of generalized force and sensor function control. Through
this method, the effects of frequency, comb spacing and the angle between the eccentric blocks on the
harvest effect of Coffea arabica L. were analyzed. Then the quadratic regression orthogonal rotation
combination test was done, with the frequency, comb spacing and eccentric block angle as the test
factors,and the harvesting rate of ripe coffee, the harvesting rate of unripe coffee and the breaking rate of
ripe coffee as test indexes. The results of the experiments showed that the importance of the factors
affecting the harvesting rate of ripe coffee and the harvesting rate of unripe coffee were frequency, comb
spacing and the angle between the eccentric blocks in turn. The importance of the factors affecting the
damage rate were comb spacing, frequency and the angle between the eccentric blocks in turn. When the
frequency was 26 Hz, the comb spacing was 32 mm and the angle between the eccentric blocks was
22.5°, the working performance of the harvester was the best. Verified by the experiments, the resulis
showed that the harvesting rate of ripe coffee was 91.35% , the harvesting rate of unripe coffee was
8.46% , and the damage rate was 4. 15% , which met the technical requirements of Coffea arabica L.
harvest.
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Fig. 1  Schematic of hand-held vibrating comb-type
Coffea arabica L. harvester
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ZINKLIN MR SR 52 LR A7 F R BL AN 2b B DR
S IR O ST AR BR AR IR S A AR AR
NG — J BT AR PR R R N BN Fo F,
RO L BTy F OISR S AR
OIS BE @ o3 0 3 o) I BE e, FNYT ) FIE @,
A



126 £~k

2021 4

(1)

L m, KL PR i kg

y——WIMHE SR 5% B () F 0 B, rad

—— 3K m

e (AT
e 2R S K B 2 AR, m

JINARE Wi e ) JE v T X 32 A A R . A Tk 1 B

FAERTT 78 S0 5 5 50 45 A 4k W 245 78 9 a1 B2 )
FOVE TR SRR 24 o fl /0L ol & 1 1
BRAR RS R AF I (R AR 4, 78 AR — 58 50 45 4 A b
ST IO RN A [ 82 g <l = T e v 1
WAL 3K I ) A 5 S A SR S MR S SR A 2 S Ak
W, B

To

F,<F, +GcosB (2)
X F— RIS S 1, N

B H G5 F MM, (°)
G—R:H I N
e PR AL et ME SR S DL P oy o 4B g, )
mneE SR S i AL o
(/IzAsin(wt) (3)

L+r,
A A— RS2 IR IRAF , mm
wo— Oy 3R A B B rad/s
WO R T AR B L ) F S DR T /N R o i SR
SERYE ) G PR S EE ] 2w AT, B Ao 2R
SEAE RN 5 R S A Ak W R il 2

m A’ cos’ (wt
mAwrcos (wt) (4)

L+r,
AT A S5 3 e 2R SIS SR P 75 19 0 F R

m A’w’ cos’ (wt)
I =

F

F (5)

(I +ry)cosa
2 RR-Hsh hFEEBE T S E it

2.1 RB-HIMKIRE N FEBESL

SR HUAS SRR AL A & 3 Ff R, R KT |
PAPR S R AT ol O D JE el 5 B AR A A 3R
PR BIHUAG Se 35 I i iz 3l , AR AR Al g £k XA
H R - B e IR R G, SR A LA A R
RS SR AP M, AR AT R EAT T R SR P A RCRHLJE R B
FsE R EFoR 0

T S E R HIUOAR AL Y i A AR B g, 51
Foor I e SR e AR ik B DL JUEE (3l i i ) oK A
At I M A e iz Rk 3

&3 AR AL AR 2R A Y
Fig.3 Tree — machine harvest model
iz 2y 3k B v O O B 1) 48 6T 52 BB T el AR X iz
B Ty KA i is d R 1 A
ARSIz S ) 7 R
{le =2m,w’ rcosd,sin (wt)

(6)

F, = 2myw’rsing,sin(wt)

A FF, —— i DRGNS S A vy J7 1))
AR T N
my— i DB ke
P oL SR e B ~F 42, m
bo—— & MUB I KT R A, (°)
F e TN
F, =2m, %
F, =2m, %
A Fy JF,,— i O B Al 26 Bl 85 A ik 3 B M IR
BAE x vy J7 677 A R D, N
RAMHLIE 1 77

d’x
me =m 2
de

r

(7)

&’y (8)

de?

Krp F, F,, —KAHL oy 5Btk gy, N
m——HEA PR B A B O PR A T kg

Tt 147 5P g (BELJE 3 7 R 43
F, =kx

{Fh = ky
dx

F. =c N

dy

dt

X F F,— K TE «y Jrm st gy N
Fo F —Hibi x.y J7FIBLE 1 N
k——Hi A A R0 s AR R, R
e—Hi ki S5 R JE &AL, HAL

F,=m

(9)

(10)
FU} =c




59 1)

FIA G THRIR S 2R o R A 5 B BT S 127

RSN AN LS DA IN D EW A s

(11)

(12)

{FL,X =Ca
(13)

Kp F F,, — W w oy J7 BT

m,——VE I B R i kg

Fo F o, —RAE oy J5 [0 35T, N

F, F,——WEAE « .y JympHJE s N

k' —— W s S R AR, AR
W R 2 5 BEL JE AR B, R

ARG B DU R DB, SR AR AL T AR N, 254 T A

BV R A T O e L R R GEAE « TF
6] vy 75 [ B o0 J7 e ol

'
c

M&+(k+k’)x+(c+c’)%—
de? de ~
2mw’reosd, sin ( wt) (14)
&’y , N
Mdt2 +(k+kE)y+ (c+c )dt_
2mw’rsing,sin (wt ) (15)
Hr M=2m, +m +m,

X M—BD ARG ke
HRAJE AR 30 1 27 AL, 15 HF 0 BE & Ik 3l &8 1 5
Wiz gl , I R A FR G 00 Ik Bl I 2 TR O R R,

x .y I LR
{x =A sin(wt —7,)

(16)
¥ :A)(:os(wl —‘yy)

A A A, ——FES T x.y )7 R IR mm
A —— € IR RS A LIRS

fr, (%)
¥ 17 % 15 Zh 1 AL # B RS ORI BB ARA
A (14) [ (15)7%
—MA @’ sin(wt —y,) + (k+k")A sin(wt —y,) +
(c+c")A weos(wt —y,) =
2mw’ reos,cosy, sin(wt —y,) +
2mw’ reos,siny, cos(wt -y, ) (17)
—MA)’wzcos(a)t -v,) +(k+k")A cos(wt —y,) -
(c+c)Awsin(wt —y,) =
mezrsinqbocos'yxsin( wt -y, )+

2me’ rsing, siny , cos ( wt -,) (18)

RAFRGEAE « T7 1] I M FHAR A7 22 AR B A2 285 00 7

2
2mw T(?()Sd)o cosy .

k+k' - Mo (19)
(c+c)w
Y, = arctan 7k k- Mo’ (20)

(i) BE AT Ay 7 1] R 2 WD IO I 5 A A 7 22 £y 3

2me’rsind, cosy.

_Zmw rsing, > (21)
! k+k -Mw
v, = arctan (crcDo (22)

k+k' —Mo’
2.2 EEIEHIEIT
2.2.1  fRde

it 0> BRI AR Bl 32 B AL 4y, L B D O
P F 2R R a2 B X D2 B O R 4 R
AV, A FIR A S AR A B T R [ A F (B
A e 55 Al 3 o 8 X i O B LR 7 2B A 15
FIE K o WA i O B g3 Sy iy B # FAS A 83 A7 R A
5] A i O B 1) S5 R B AR T B e RS AN 1 R
5 A O B DRI s e (8 S T80 A O B

FE R 2y e B b R Sl A4 i B S BHL T T
TR R T, DR ICAE i O BB T I LA
A BB D0 3 AUAE TN R SR SE 25 A ), i b
e, TR 2 DO SR S AE RS . fE R A
TH T /N oh e 3 36 R R I, R P SF — 20 R %R 5K
HERL T THXF 50 A4S Jle 3N R o mE RS2 AR A 1 45
HEAT I R, I A5 AR 0 N R i vl SR S 25 A T YE T Ry
5.25~7.16 N, ki 2 Ok 25 4 A4 2 180 =X f o0
et B RO E o Bk RANB R AR R K
100 mm ,/NAM B AR 7 S 12,5 mm, IR 2EAR r,
6 mm, JE 2k 20 mm , fFRHE R 45 B9, TR 0. 6 kg,
IO EE 29 mm,
2.2.2 kil

P Bl R 28I W R 4735 AL A8 WAL et A v A A
5 KL ME SR SRR % B AR Ml o AR A i 1T
553 A /R HE R 2 80k E

Wi SR AR A 2% K BE 400 ~ 500 mm, B 5 AR ST
FERME 8 20 ~ 30 mm , S B ORI 280% PR AE$E HEFE
By — Pl AT il 2] [F) AR A % b A SR i A 1A K
& 100 mm , i 1 BL42 6 mm, 5 60° 4345 , i i Wi ik
I EFEREHEOG A b TR, A3l 1Y 48 HE R BE
SR 1 BB /N i e SR ST ) DGR TR1IE 3 /0N, 25 5
ISR SRR 5%, 52 i IS AR o BT B ™ i () R A R, )
ANREA OB IR 5L, e ma AR . BRI, A i R 4
T oL T 2 [ 3 A6 A B A 0 Al S A R R



128 &l #Hl

Moo 2021 4

FOAE G HE G i - A9 07 B oA 4 1l 415 HE 18] B 5 aod B
56 J2 Ay B8 4 E 5 HE] G 20 ~40 mm,

it A7 A6 1 52 10 /N i R 118 SR ORI, B R 3 Al
BRI 4 2 AT B SR, 20 90 O AN 45 B9 L ABS FiER
JE o TE WU h e £ — B TAE SR 4R R W] A
AR R R dR R, ABS B BT I AR IR B R i
AR, (HR AR 505 R W T ABS #E 4
TR ML , 25 45 25 08, W £% ABS #4415 9 i 14 #4
ko
2.2.3  HEYLA

UnTE 4a o, B0 BR RS P B A 6,
RRAEFA7 PUIIE E WBh 5 5 107 1), & 05« ik
AN doo 1E0° ~90°JLIEN , BEH 0 35K, o H Ik
Ao A (19) (21) AT AL, Pk 3h 38 4R 7 AR B 4R I 2
BEHE o B A T B2, PR b T e e o8 7 O BRI £
o A AE R W

<
Y T R

(b) PRz B
W S T N S A R

Fig.4 Principle of amplitude modulation and

5 4

schematic diagram of structure

LR 20 I 3. KRR 4L AT R

R 2 R R A 4b s R 2 AR
R 2 7 AR LR, R e 7 3 3R A L 7 [ E
Felk b BAT AL, 70 5 M AT AR R B 3
R W A R A A [T 5 A 1 A5 R S BT B
TRCRR , ] B e oo B AR JEE i, A 3 A AL R A [

5. [Tk

AT 25 1 ARk R B R 2 B 9 e 56 X
XIAR U DA 4 a 18R AU it Bl /N I R SRR £ 49y B
1 E R VES B AT TR BRI B D5 ik
B R AR AR R A R A (SR /A i e SR AR 114
FRE RS EAR SRANKEE 1 AR T AT AR
SEPEATINAEE . SR SF — 20 U8 2 HERE S i oA
[Fi] BSCSAEE (8 /R SR S 25 5 b AT TR . B
IR A 50 AN REAS, S 7 i G Rk, A I
SR DU AU GEit S5 R ANEL S iz, AT fy
AR AR R SE A 5 TR ANk L R o A R
FAX A, ] TA Type — XTPlus B 54 { \JA5103
T A B HL T RE O JEE 2 0. 001 ) A 06T /)N Kz o
MRS A R SRAW ) 8 B2 L M e S AT N R . SR
TR HURE IR B0 10 BRERAR AR D i g R AR 4 1 2 2
w20 4,153 20 K5 B e AT St o b, 4

m22 Prow.
—a— R £
20p  EERFRAE RO 420

—

L5A 1N
S
RIHRIA

8910111213| 678 91011| 456789 [ 234567
TR LRI AR A
&a 1IN

BIS AN [l Q5 /R k45 45 T S i
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Fig.7 Effect of different braking resistances on harvest effect
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Fig.9 Effects of different factors on carding process
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Tab.4 Horizontal coding of experiment factors

‘ W%
Y A — ‘
W%/ Mo Rt /mm OB fa/ ()
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-1 22 24 36.0
0 25 30 22.5
1 28 36 9.0

1.682 30 40 0
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Tab.5 Experiment design and results

e K % LD
X, X, X, Y /% Y, % Y,/%
1 -1 -1 -1 59.64 6.78  4.43
2 1 -1 -1 9l.64 18.35 12.51
3 -1 1 -1 75.64 10.57 9.17
4 1 1 -1 95.64 21.53 14.03
5 -1 -1 1 43.58  4.42 2.96
6 1 -1 1 86.64 12.17  3.62
7 -1 1 1 33.64  8.53  4.44
8 1 1 1 85.64 12.58  7.58
9 -1.682 0 0 46.09 6.71  3.95
10 1.682 0 0 94.18 16.81  11.95
11 0 -1.682 0 62.77  6.44  4.24
12 0 1. 682 0 88.50 13.12 9.6l
13 0 0 -1.682 91.08 14.96 12.45
14 0 0 1.682  45.56  5.55  3.44
15 0 0 0 86.04 7.57  5.63
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17 0 0 0 88.89  8.94  4.49
18 0 0 0 75.23  8.81  6.43
19 0 0 0 86.70  10.15  4.45
20 0 0 0 83.02  6.41  5.36
21 0 0 0 91.35  9.66  7.38
22 0 0 0 85.50 7.89  6.85
23 0 0 0 86.37 8.69  3.16
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Tab.6 Analysis of variance
T3 2% P FHH RS
KR PR AMEE F P EHM ARE F P R A HE F P
B 6966.50 9 18.21 <0.000 1" 387.74 9 25.10  <0.0001*" 228.98 9 17.45 <0.0001*"
X, 3 804. 35 1 89.51 <0.000 1" 192. 82 1 112.33  <0.0001 ™ 66. 76 1 45.77  <0.0001 "
X, 1638.74 1 38.56  <0.000 1" 91.52 1 53.32  <0.0001" 98.59 1 67.60 <0.0001
X 200. 36 1 4.71 0.0490" 37.81 1 22.02 0. 000 4 ** 31.47 1 21.58 0.000 5"
X, X, 231.77 1 5.45 0.0362" 14.39 1 8.38 0.0125" 10. 44 1 7.16 0.0191"
X, X, 1.17 1 0. 028 0.870 8 2.32 1 1.35 0.2657 0. 068 1 0. 047 0.8318
X, X, 119. 66 1 2.82 0.1172 0.75 1 0. 44 0.5201 0. 084 1 0. 058 0.8140
X? 371.61 1 8.74 0.011 1"~ 30.07 1 17.51 0.001 1 9.57 1 6.56 0.0237"
X% 477.12 1 11.23 0.0052 ™ 11.33 1 6. 60 0.0233" 9.53 1 6.54 0.0239"
X§ 132.93 1 3.13 0. 100 4 7.27 1 4.23 0.060 3 2.72 1 1. 86 0.1953
5k 2% 552.54 13 22.32 13 18.96 13
L=V 318. 44 5 2.18 0.1569 12.28 5 1.96 0.1899 4.89 5 0.56 0.7318
iRz 234.10 8 10. 03 8 14.07 8
Jo¥ill 7519.04 22 410. 06 22 247.94 22
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Fig. 12 Parameter optimization analysis diagram
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