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Design of a Bionic Tree-Climbing Robot for
Tree Pruning in Ecological Landscapes

LIU Zhijun', BAI Zhanging®, QI Peng"
(1. College of New Energy Vehicles, Harbin University of Vocational Technical, Harbin 150081, China; 2. Xining Power Supply Sec-
tion, China Railway Qinghai-Tibet Group Co. , Ltd. , Xining 810000, China)
Abstract: To address the low level of mechanization and the high safety risks associated with manual high-elevation
pruning of trees in ecological landscapes, a bionic tree-climbing robot was designed. Inspired by the alternating climbing
behavior of primates and the self-locking principle of electrician’ s pole-climbing devices, an overall configuration inte-
grating dual-ring clamping, lead-screw-driven extension, and chain-saw pruning was proposed to achieve trunk grip-
ping, inchworm-type climbing, and lateral branch pruning. A three-dimensional model of the robot was developed using
unigraphics NX (UG). The displacement, clamp contact force, and drive-motor output responses during the climbing
process were investigated through dynamic simulations using the automatic dynamic analysis of mechanical systems
(ADAMS). Finite element reliability analyses of the tree-holding clamp, lead screw, and connecting components were
conducted using ANSYS workbench. In addition, a hierarchical control system integrating a programmable logic control-
ler (PLC) and a host computer was established. A pressure-feedback module was incorporated to detect the clamp tight-

ening state and coordinate the climbing motions. The simulation and analysis results showed that the robot could continu-

I#s BEE:2026-04-30

HEE2WH: B TI88ARFES A (LH2023F005).

F—EEEN:NEE FL BIEE. AREEANBALRSEEEKEK AR, E-mail:352387407@qg. com
*BISIEE ST, L, Hh. ARAEBQAEEESIE. E-mail:qipeng0325@163. com

SIEX:XEZE BLE, T BTFESEMMARESENHERKIEE ARITI]. FRHIE,2026,42(5):1081-1094.

Liu Zhijun, Bai Zhanging, Qi Peng. Design of a bionic tree—climbing robot for tree pruning in ecological landscapes [J]. Forest Engineering,
2026,42(5):1081-1094.



1082 O I iE E42E

ously climb according to the predefined inchworm-type gait, with a climbing distance of approximately 150 mm per cycle
and no evident overall downward slippage during operation. During the stable climbing stage, the contact force between
the tree-holding clamp and the tree trunk was approximately 960 N, satisfying the requirements for vertical climbing, sta-
tionary holding, and self-locking. Finite element analysis indicated that the maximum stress of the tree-holding clamp
was approximately 46 MPa, which was lower than the yield strength of Q235 steel of 235 MPa, corresponding to a safety
factor of 5. 08. No excessive deformation was observed in the key load-bearing components. The control system coordi-
nated three stepper motors to complete the opening and closing of the clamps and the extension and retraction of the lead
screw, while ensuring that at least one set of clamps remained engaged during both climbing and descending operations.
The proposed robot has a feasible structural configuration, can perform inchworm-type climbing according to the pre-
defined gait, and meets the strength requirements of its key components. The design provides a reference for the minia-
turization and automation of tree-pruning equipment used in ecological landscapes.

Keywords: Ecological landscape; tree pruning; bionic tree-climbing robot; self-locking clamping; inchworm-type

climbing; dynamic simulation; finite element analysis; PLC control
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Fig. 1 Overall structure of the tree-climbing robot
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1. Tree trunk; 2. Left clamping arm; 3. Right clamping arm; 4.
Fixed hinge end; 5. Pressure sensor; 6. Clamp adjustment motor; 7.

Clamp lead screw; 8. Nut pair; 9. Articulated linkage.
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Fig. 2 Tree-holding clamp of the robot
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(a) initial state: both upper and lower
clamp groups are tightened
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(d) the upper clamp group
is tightened
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(b) the upper clamp group is
released
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(e) the lower clamp group is released, and the middle
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(c) the middle lead screw extends and
drives the upper body upward
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(f) the lower clamp group is tightened again,
completing one climbing cycle

lead screw retracts to drive the lower body upward
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Fig. 3 Schematic diagram of the inchworm-type climbing gait of the robot
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Fig. 4 Displacement and velocity curves of the tree—holding clamps
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Fig. 6 Contact force response of clamp groups during one climbing cycle
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Fig. 9 Displacement contour of key components

& 10 8 SRR 1 BT = R R R A R B . 5
AR, M -R IR R ) 3 B R EARER e 5%
B X RIS ZALERALE | BRI T
Q235 R ARG . HALEE 5 RERERA AL KRN TT
A1 37. 87 MPa, MBI FTEEIA , 1 B 22 AT 3K
Bt e PE R A AR R s R

3 sl 28 S i SEZ NS 3 O e 151 NS 73 1] T G
Xl 2B IR AT AT A R UL 1L, I 1]
PLE W, R BERE N 4. 983 2x107"° mm, ELE
ANVRBRIRR SR TR R aE, R BH AR E
o,

LA TR R MR 2. MR RARR SN
46 MPa, {iKT Q235 40 Jif Al 3 £ 235 MPa, &= R BN
5.08, i SR TR, G5 AN = R RN EEfil o A
ZER AT MBS ANTERAZ I T N R B S &
AR Bl S AR, R IR BB AR R Fa E e BORAS
JE TRHEAG Rl B ] S SR o

4 EHRSRRT

NPRIEA &5 AFEZEC AR 0] i 72 o B A E
M ARG T EE T EAIHL+PLCT B & 5.
F G 7 AR ISR A A R 2R S i T 2 A B 2



1.430 6107
12506x10% B/ME
min

D: HSLEH

D: static structure
LR

- over constrained
i

g
blid

m,
big:2

L sliding
W

| sticking

A: AL
A static structure

T oy

contact penetration
B x1073 mm
unit: x107 mm
AFA]: 1

time: 1
BRME
max
5(4.983)
4
3
2
1
0

F/ME

min

B 11

4.713 2107
12506107 S/MH
min

E: iS55

E: static structure
0 A3
equivalent stress 3
S RSy

type: equivalent stress
Bfi: MPa

unit: MPa

JEoNi:Y
max

042208

021176

00014300 F/ME
min

= {m= | s
1090 Eo 7 N ERVE
A: A B: ALY C: A
A static structure B: static structure " C: static structure
HH0 SRV Tg R
equivalent stress / equivalent stress equivalent stress
A NS HRY: S A SRS
type: equivalent stress type: equivalent stress type: equivalent stress /‘-r
3L MPa {3 MPa {3 MPa
unit: MPa unit: MPa unit: MPa
B fi]: 1 ) 1 B 1
time: 1 time: 1 time: 1 ’ -
15393 FRAl 14.384 TR 1855 FERME 3 -~
41913 Shix 3.8607 max -21385  max e
I L1053 I 10268 -429.55 S~
029149 [ 027245 -645.75
0.076 87 0.072292 -860.95
| 0020272 L 0019182 10767
0.005 346 0.005 687 -12924 |
00014098 0.001 5877 -1508.1
Q00034179 / 0.0013855 -17238 el
| 8.8063x10¢ | 0.000330 55 -19395 ©
63188x10° 9.5083x10 -21552
1.798 8x10° 6.694 010 -23709
4748 2410 1776 3710 -23709

-2586.5
25023 T/ME
min

F: sty
F: static structure
R T14
equivalent stress 4
SR YRSy
type: equivalent stress
B MPa
unit: MPa
HFfa]: 1
time: 1
37878 A
20.406
10904 X
59228
31909

17191
0.926 14

0.022 645

0.022 645 t/ME
min

10 XEBHENH=E

THREWFRMZFERE
Fig. 11 Contact penetration depth between the

clamp and the trunk

Fig. 10 Stress contour of key components

fil 73, 0 PLC B 22 B AL SE AR IR T S AT 2241
ZEsh e, SEOAL 5 AN B e A2 rh A i P2 1 55 R 55
(Sial
4.1 EFRFRITER

el AR A I H R ZERR MR AT 25K
RERS P L ORI IR R i s 22 AL BRI
1 =G 2 H NSRRI S LA M4 ; B
ISR RIS, AR AT R B
IRAS, PUIE RO T B3R A3 R R R it 7R
Hr PRIEZE D — 1R TREIRA B3 IEHLE Ak A
1818 R GUAT LT H AT AR, (T RE LR S 2L e
g,

EH R R A G S £ E AR E0 B AR E
FERIEES U B R RIE DR RS 5
S EEMTRH =6 P RfaKshes Lol B+
A N RIAEM AR AR 22 AT R sh (o B %t
NS ST R WO AR RLE IS <, AT SE AL &5
NBE TR A B P2 o

x2 EARTHAEERKER
Tab. 2 Strength check results of the tree-holding clamp

R Rk ] AR F1/MPa JE AR ER B /M ZERHY e
component material maximum stress payield strength safety factor result
HR-R IR Q2354% =i
tree-holding clamp Q235 steel 46 L e qualified




%588

NEEE: BFESERMAREEABEERKI R/ A R 1091

4.2 EHRFEHER

R ARG B W EALPLC RS B R &
TIFRIESES P HE XSS P HL e AR R A ol
ARG WA 12, EANUETRIZ S35 AR [ESE
188 FHLER MBI TR TR PLC /R IR L
HT, SRR (R S R AR B IR AT L% o

KM PLCAENREE I ES , AliE M R GRAE IME
AFREE N BT R BE RIS T RIS AL R BK

S E RS ERMATEEDGE, &l &6
RN B SRR R AP T
CPU224 RN ¥ HII 2§ , I E EM231 ¥ B BIHUR &R &
TGRSR E S KL EES %A DYMH-103 FLA =
JETIMEIEES , AR TR R AMISZ A&, T
KRG TR EE . =& 2B 33K
RERA R RERH AT AR AE 22 AT, ALK B B AR
PLC i H 3 S AU 5 M B 5 o

AHLAZH.

human-machine interaction

1 1

FEIBERER

sensor module

=

b Arblg

host computer module

LIRS R

motor drive module

=

| L §

2 2

R 1 BRI Bzl
clamping force d B 1. 2.3
monitoring ata processing drive motors
motion control 1,2, and 3

| |

1

F IR AR

power supply module

12 ez AEshiES RBEER

Fig. 12 Block diagram of the robot motion control system
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Fig. 13 Control circuit of the robot
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