202347 H ﬂﬂﬂ@??ﬁ 545 HTH

doi;10. 6041/j. issn. 1000-1298. 2023. 07. 009

= BHEERRENMED 2R SRELIET

B Emx wE DaExr' BRaFE BR#Eg?
(1. WP BE T R2MI S A Shia bl a# B, B 3100185 2. WRTTAS Fhkl 28 &R T 5 52863, B 310018,
3. HUMIER S AR 2B, BuM 310018 4. T PRSCH~# B B RE i TR ~4Be, K 402160)

P A0 TV WU SRR AT Iz S A 2 % | A R BE 2 A X 45 ) AL, A SR 1 — e AL 4 i) — A i
JESERCRAMHUMUE o 550G, S0 SR RAN TAE BORSE R T HUBUE a5 Bt Sz sh o o b, AU R F~F47 1d i1
JEGE K, a5 a3 1 IR N L Sl R, BB RIS, TAR S AR, 38 s AR R T 40/0N, 308 I T3 R R i, K
U, R AT By R N7 gl ) AR S LB S SRR 07 1L, 80 50 ) 2 AR 1y B R, DU DB F
Bt A B b i R HSCHE A I g K A8 AT 23 AT, TH SRR [ A2 b AR 7 58 T (I g A AT e B
MR IRAL T 56 TR HUR AT S B UBE O B , R AL Al 7 29K Sl AR (B3 R 21 Nem 1 15 Nem,
K2 20% BEHLIBTRE T R 1. 8 kg, KA 32. 1% , HER LS HUBUR /e A TAERE ). ARG ARS8 T =
FI H BESE SR LA ) B AL, 8 0 A5 2K VB B RIKE) 1R 92 .63 Nem  FEAAF G0 A5 R B0k 1 5
TIPSR TR 1
KEEIR : R R, AR ; Rt sl T
5 ,':kﬁ.‘%j

HESES . $225.93; TP34 XEAARIRED ., A XEHS: 1000-1298(2023)07-0088-11 OSID: &

Dynamic Analysis and Lightweight Design of 3-DOF
Apple Picking Manipulator

ZHAO Xiong'? CAO Gonghao' ZHANG Pengfei’ MA Zenghong' ZHAO Lijun* CHEN Jianneng'~
(1. Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Key Laboratory of Transplanting Equipment and Technology of Zhejiang Province, Hangzhou 310018, China
3. Hangzhou Vocational and Technical College, Hangzhou 310018, China
4. College of Intelligent and Manufacturing Engineering, Chongqing University of Arts and Sciences, Chongging 402160, China)

Abstract: Aiming at the problems of complex motion planning, multiple degrees of freedom and difficult
control of industrial manipulator apple picking, human hand picking was simulated and a lightweight
3-DOF apple picking manipulator was developed. Firstly, the structural design and kinematic analysis of
the manipulator were completed for the requirements of apple picking. The mechanical arm adopted a
parallelogram structure, which reduced the rotational inertia of the whole machine through a rear power
source, and had a long arm span, a large working space, and small branch interference during
movement, which was more suitable for apple picking. Secondly, the Newton — Euler equation was used
to establish the dynamic model, and the apple picking simulation of the manipulator was completed.
Through the theoretical data of the dynamic model, the stress and strain of the arm and its key
components were analyzed to reduce the mass of the manipulator itself. The stress and strain under
different lightweight schemes were calculated to select the optimal lightweight scheme. By comparing the
simulation data of the manipulator before and after lightweight, the peak driving torque of the bone rod
lightweight scheme was reduced by 21 N+m and 15 N-m, respectively, both of which were reduced by
about 20% . The weight of the whole machine was reduced by 1. 8 kg, which was reduced by 32. 1% ,

and the lightweight manipulator maintained good working ability. According to the optimization results, a
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physical prototype of a 3-DOF apple picking manipulator was built. The maximum driving torques of the

large and small arms were 92 N-m and 63 N-m through experiments, which basically conformed to the

simulation results and verified the correctness of the dynamic model.

Key words: apple; picking; 3-DOF manipulator; lightweight design; dynamic modeling
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Fig. 15 Lightweight model 2 mechanical arm stress
cloud diagram
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Fig. 16  Driving torque curves of each joint after
lightweighting
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Tab.4 Comparison of static characteristics before

and after lightweight

S8 AL Ak A
K KA/ (N-m) 105 84
IV R KA/ (N -m) 73 58
K e KN F1/MPa 29.2 35.6
JNE S5 K Y 1/ MPa 73.4 72.3
BR R/ kg 5.6 3.8
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Fig. 17  Apple picking manipulator
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Fig. 18  Picking manipulator control flowchart
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Fig. 19 Laboratory test diagram
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Fig.20  Picking manipulator field operation diagram
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Tab.5 Comparison of dynamic theory modeling

ADAMS 15 2.5 3 7 2 @A oy ik A 7 48 3 4 A4 and measured maximum torque N-m
W 2 0 LA 55 AL X B B AN 3% 5 T 7% BEC FWCETREEL ADAMS (7 5
AR BE T IE A, ok 3 g BRRR w 40 5
TR A IS TR T ) (B AR B 7 ”2
NV B KA 58 53 63

(1]

5 Z5ig

(1) HR 4k A 25 4 Ak 1) VR b 31 855, WF ol — 3k =
SRR LA, AT DU 254, SEa R
Ui AR AR 1) R LB R 500 mm,
NVE S 500 mm, ToAE 28 (A4 & 5% bR 3 5 Rk

(2) 4307 3 Bl AL 37 8, X BE A 4 LA
BT 5 B R R A MR R R A b 2 R
B AR LR 1. 8 kg, A 32, 14% , K /)
DK Bl 34 43 08/ 21 15 N-m , YIREK 2 20% , 52
AU bt

(3) MY L g 5, UE AT = [ SRR
SKAR AU P BERE NS 22 5100 A 21K /N
B RIREN J1HH 92 .63 Nom, LA 55415 H45 5 16
WE T Bl 2 () IR AR T
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Actual torque curves of manipulator
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