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Optimization Design and Test of Occlusal End-effector for Picking Citrus

MA Zenghongl’2 YU Huangl TAN Li' DU Xiaoqiangl’3
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Abstract: Aiming at the difficulty of citrus automatic picking, a terminal actuator using spherical closure
for occlusion and shearing of citrus fruit stalks was designed. Firstly, the shearing mechanical properties
of citrus fruit stalks were studied, and the effects of five factors on the peak shear force were analyzed,
i.e., stalk diameter (2 ~4 mm) , shear speed (20 ~200 mm/min) , stalk angle (0 ~75°), number of
leaves blocked (0 ~3 pieces) , and blade gap (0.5 ~2 mm ). The test results showed that the peak shear
force required to shear citrus fruit stalks was increased with the increase of stalk diameter. With the
increase of shear speed, the peak shear force was decreased, but not significantly. The stalk angle was
one of the factors affecting the peak shear force. Between 0° and 30°, the stalk angle had little effect on
the peak shear force, but when it was between 30° and 70°, the peak shear force was increased
significantly with the increase of the stalk angle. The blockage of a few leaves had little effect on the peak
shear force. Blade clearance was one of the main factors affecting the peak shear force. Large blade
clearance had a great impact on shearing thin stalks, which may be difficult to shear off. Controlling the
blade clearance within 1 mm was critical for the success rate of the end effector picking. The geometry
modeling of the end-effector was carried out, and the parameter optimization model was established with
the main constraint condition of controlling the blade gap and the optimization goal of increasing the fruit
positioning tolerance. The fruit positioning tolerance was increased from the original 9.2% ~48.8% to
26.0% ~71.7% . The static analysis of the model was carried out and the selection of the electric push

rod was completed. At the same time, the finite element simulation of the model was carried out, and the
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influence results of the spherical shell deformation on the blade gap were obtained, and the strength of the

structure was checked. Finally, the prototype of the citrus picking end-effector was developed, and the

field picking and shearing performance test was carried out in the citrus orchard. For the fruit stalk with a

diameter less than or equal to 4 mm, the success rate of the fruit stalk breaking was 95% , meeting the

requirements of picking citrus.

Key words: citrus; picking; end-effector; occlusal type; shearing
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Fig. 1 Citrus geometric size measurement
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Tab.2 Statistics of citrus stalk diameter
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Fig.2 Statistical map of citrus stalk diameter
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Fig.3  Citrus fruit stalk shear mechanics experiment platform
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Tab.3 Shear test parameters
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Fig.5 Response surfaces of peak shear force under different factors
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Fig.6 Schematic of end-effector mechanism

HE 48 MLAL BT 121, SRy 9l 20 4 sl 25 8], JF 38 fin 5 91 5¢
A 5 7K BN G R ST RE K AT BEF FIFT DH B 11 %
BR5E, IF [F I 4 AT AB (FF AD A8 O i 4T,
Solidworks ¢ 5¢ )i 40 25 = 2 @ 455, 40 & 7a TR,
WIS BR5E 218 R [ /Y N ERSE A ER S, A&l 7b \Te
Fiw il 0 2 45 [ BR O EL ) Sl A A 1 A £ A mT
5tz By s 7 A [ i 1, DT S B il 2, OF FL e
i 30 G AR A2 B 9 . AMERSE ) JE G A 8
FE VR 25 A0 BR 56 % T8 A A7 5 P9 Bk I AT 4 Sk gE i
AR AIE {1 28 AR T — AN SO 3 R 0 — o FH Bl
Bz, HER T AT EE K M 5 55 — AN 9I0E 2 AT 1 — i
B HE A SR 2 AT 14 55— ity DU 3 2o 5 il 3t )
SHRMERF R . WA BROT S T AT Sk AR X O A
P e B, 85 00 R e )0 R g o 3 ik S Hi
AR BN E AR 60. 1 ~81.9 mm, Jy B A it 4
P ERFE Y BE ELAR 2314 100 mm

AR B #5 AAR SR Jik R i SAUA T SR AR L AR A
Jeil it RGB — D AL S A 3 50 A A7 A7 2%, B )5 T A7
SR A I AT 2% LA R ) bk I G S8 R AT M AR .

5
(a) ST B A LML 7 2

K7 R AT 2800 20 = 4E s iy
Fig.7 Preliminary 3D models of end-effector shell
L BTl 2. FJ1R 3. AERSE 4. 4MR5E S5 IUBIERT

YA 5 4 e AN ERFE I, TR AR A T A 4
FF Il 45, 373 I 2 AT 1) T, 4l 3l 2 b BR e ) 1 4%
2, SLBERIE M &, % 3l B — 5 A LI, I i A A Ak
AL T BRIE 2 W SRARAL T A I e Z 18], A~ )
JRLRENS SRANHEAT BT U)o SRAN VI W 5, A AR o T B
23 N B A BR ST I DR AP, AN 23 Bl RS A 25 il 47 K
A o R S PUAT A AR DL B8 sl SIS I 5
Ja , AERT A, HE S SO JE AT 18] L, 21 3 9 Ah 2 Bk
Fe 0] T e gy, R v AT 45 1218 5K T, 5% 3 21 R e 7
Je AR AR BV AT i S R i AT A L E ACER T P, AT
SE LKA
2.2 MR R IR AT SR LT AR
FRAE ) 1 = HE B 2 0
Lic =1y =1, =67.5 mm
0, =60, =108.25°
0,=06,=67.5°
0, =0, =22.5°
A L — 8RR A LC Z B
Lye— 8k B .C Z A BE S
Loy—BCHE R €D Z W] FH ES
0,—HF BC 5 y WiwI 46 Je £
0,—FF CD 5 y fh 016 Je £
0,—HF CF 5 y i) 46 Je
0,—HF CH 5 y Rtk Je M
0,——FF CF 5 « 4l 91 47 e £
0,—FF CH 5 x 0146 Je
MR8 A% 5% 7 $ AT A5 3]
Ly =1, =109.39 mm
A L,—8BHER A B Z 0]
Ly—BCBE S A D Z A B B
TERAEF NS BBk R A ik fE b, 0, .6, .6, .0,



510

S A% R MR SR 0 A S AT 2R e A BT 5 il g 111

BEHTI/N LR D] A AR AT B Ok
Kl 6b frs .

AR A% 52 BEAS 2

{01' =arccos( (L., + 3, —

BRATRE, W

L)/ (2L pelye))
L)/ (2lygley))
Xrp o—HF BC 5 y i 4k
ag—ﬁ CD 5 y Bl i) e & e £y
e AT C Z AR B
Eﬁ%ﬁﬁﬁzk TREYLE T R PAT AR A A A
JE 100 5 A R 2 P R RE U AT AR SR M F A AT

(5)

6; = arccos( (12, + 1, -

BT, SHAEAETEE N
40°<0) +0,<45° (6)
Hr {0%=02—01+01: .
6, =6,-6,+6.

X 0, —H CF 5 y i 2k A
0;—HT CH 5 y Rl 2 Je £

h=(5) ~ (7)) it8EE 1, h121.7 ~125.2 mm,
W) e HEAT AT AR N 54.2 ~ 57,7 mm, HURLHEAT e K AT
B 55 mm, HAER(5) ~ (T)kih 0, = 0, =
62.65°,0, =6; =21.9°,

AR H R/R A bR &, AT AR AR bR F (= gy cost,,
lepsing, ) , H (1., cosby, Loy sinfy ), G (= I, cosf, +
lpccos(Os — 0, ), lep sinf;, + I, sin (05 — 60,)),
I(l ,co80g =1, cos (0 — 05), L., sinf + 1, sin (0 —
05)) o Horb o S EJIRS5HF CF BIEE A, 0, J
NIIR ST CH T8 %E Je A, Loy 9 BLEE /L C 5790
F 2, 1, N BesE f C 579 5 H Z 1A /Y BB
B L NV RUF 5 1R A G Z AR BE R, 1, 4 a5
H5TIRm T Z B

) 2 /AW

[+ y') =[x yJ[

Lb (o y") —hese Jm A A
(2, y) —HEFE R AL A
O— e
MF G TERE 0 -90° + 0, + 6, 58 H.TJiEh A
1 90° -6, -0, , i EAER F(
H'(l.;sin®} 1. cos0,),G" ( =l sind, + . cos(6; +
0, —90°), . cos@'s + lyosin (6; + 0", — 90°)),
I'(l,,sin@, — 1, cos (6, + 0', —90°), 1, cosf’, +
Lysin( 0 + 60, =90°) ),
2.3 MEBRBRHHPITRSHMAUL
2.3.1 AR R S
A R 4 e 45 35 10 OG5 DFE — & LA R
L A R s PHOAT v 5K T I6) TG 0 R U0 70 Y R 0
KB R A 2 T @FE RIS A A 5T )

cosf —sinf
] (8)

sinf cosf

. ’ ’
—l.psind; 1., cos6,) ,

ik R T A [ B A — 5 S LN B R T,
A SR A7 A S PRAT 85 LA UG D 20 SR A R A F AR
DR AE — S ATUAR ST Y BT P R s AT 8 5 T
PITI R 191 5 BB B A K, 3 Lop Loy Lpe Ly B 65
VERZESE B X = (Lep s Lew s Lo o Ly 65, 65) o
TEREA WA R p, J) i — 3L oAy 3 Bl 5y
DI, ﬁul’é‘l 8 7R o

Y
v
/Y.

() BIUIIHIEREIT 2] (b) B VT RS 2
IR TR PAs
8w 0
Fig. 8 Blade bite shear modes

IS RIEIR K SR NP WA RIS R S

=

X

et

(@) SRR
VAT

RN

lc/:«/(xc_%)z"'(yc_y/)z (9)
A 1, ——J1 7150 G Z 8 B HR B B

yo—— 111 G YR
y,——J1 7] 5 T YA kg
Ak E b o 5K
F(X) =max( /(x,—2)" + (y, -y,)") (10)
o4 i 4 A A BT ) S AR R T R IR B AE — 2 Y
BN KT ] 5 D) G 35 C B 2 22 P il 7

0 ~1 mm ZJ[a], A JJ R 76 W3 5T U1 F J] (] Bt 7
0 ~1 mm ZJi,# L H TN

Omm</, -[/,<1 mm (11)
Hrp 2 2
#X L=/l +1, =2l..1,.cos0
{c(, «/u G crtre s (12)
L = li‘H + li][ =2l eyly coss

XA L —BHE S C 571 7] 05 G Z I i B

Loy— 85k C 5190 i 1 Z 18] (B 2
PR A G BT UL R PO AL T
J1R 1) '8, C B /NTAT F/ 673 45 C B



112 &k L

L

2024 4

BLCARTTEA
Loy <l psinf (13)
PR UE BT U1 2 6, A e 8 P ] 7 U1 91 ki3

oty B2 ~3 mm, AR R
{2 mm<ux, <3 mm

(14)

-3mm<x,< -2 mm

K o« TIT] 15 G As AR
X J1J] 55, 'R A b

e FRAR A B DA R WG ) R A S B35 ) o A
RN F AR . TP JT R Bl 2 K50 i [
iz, LA ] R G 85 U)ok B rh HREAE S —
BRSP4 o XT3 R & 5 UL, S Tk AR A g
GBI R Be N T R 37 T AT, AT I — B (]
i ao S e T B I Sl 151 3 95 S S T 0 | 0
WE 8b /s B FAR 1Y 56 2 R 5 BT A

WA SR Z] 0, =60, =21.9°, K /A B 0 .
6, BRETE 67° ~68°Z[a], HJ

67°<,<68°
{67°s96s68°
X T HA 7 O A AR B, 25 BRE hy

60 mm</,, <80 mm

(15)

60 mm</,, <80 mm
(16)

20 mm</,, <50 mm

20 mm</,, <50 mm

2.3.2  HAweRBOR A B 45 R o A

MR & a7 ) fL Ak B R, S8 i Matlab [
Optimize Live Editor Task I RE, fi A L1k H #1286 £
ALY RS54, BEFF fmincon E 26 14 g 12 5K M 4% , oK
H br R E M B e LA X,

FIH A s AR 7 AT AL, 25 Bk AR 25
U RRF H 3015 1k, B B fmincon HE 26 P 4 72 oK fif
kA 25 TSR TR G 0B o B AR AL S AL L IR
il EgE Rk X = (80,79. 987 0,31. 839 3,31.834 5,68,
67.9757) , HFRR ¥ F(X) =103.169 8 mm, 5144
B ML SR IR 70 7 7] 70 55 #E 25 89. 43 mm AH [,
WK 15. 4% P RN A 2ZTHR AR

L«_Dh
n =5 x100% (17)

X L,—iF R KRR, mm
D,— R HAE, mm
WWHRAFEREMEZRIEED 9.2% ~
48. 8% $E T+ 3] 26.0% ~T71.7% . % K 03 S &
B 2EURAN T — 28 WML iz 2h A HE B2 AL v R )
PR BE 38R T RAM I 25 RT3, IR/ 1 XA A 2R S
B2, R EHRIE T W ) 7 E WA 5 YA 70 (]

BRAE O ~ 1 mm Z[A] 425 T RAW IR
2.3.3 wicEa

Xt AR SR 4 A S BHA T i BT LRI SR AR B 20 114 7 7 =
HBEAT 1M o R 27 MR I 220 1) 32 0 IR ZS 3 ik i
PN HEAT 200, 4n BT 9 B o ARG B3t AT ATE" 1
o 2 3 B ERT RE A8 K 32— 5E e R F, 1Y
15 5 S JRE L B, 220 % o A BE 4 A S

(a) 1-J] 324k (b) P H 3k
P19 SR PUAT 4% BY DI I 14 52 1 RS
Fig.9 Force state diagram of end-effector during shearing
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