202644 f &k Lok 2= i %557 % 47

doi:10.6041/j. issn. 1000-1298.2026.07.019

ZQ égﬁﬂi %E 7HI%§JA. i+';ifth

sk LB X B KEFEE BEA RBREH

(b2 HUBL TR B, 4 132021)

PR RO B E R AR, B T R B IR S AR R *21#]7”@”“@ WHLE A ZHLAE A A
AR 2 MR R B AR IR S, SN e 6 X Bl X Bk 43 B HE AR = A TR 3 L G — O T S R AT B
WEIY T SRR S A AL AR N IRATHLRE , 64T T v 5 KR B3l &% 45 b /‘ﬂ%i%?ﬁiﬁ‘i“b‘?ﬂ' W @ T LA
BUAT i A T I AB BEA AL F 04T T N 1l . B TP S T ML as AU ACEL , F T 3D iz gl 4 2
ARG ML T AL N IS SRk, AT T UK 5 8 SR R Y S ML . FE A T Al Wi A E A R, 200
L?TTHL%%)\A%E%'%KIEJ ERM L R RICAT IR, JT%'JFH*JL%%)\HUyﬂﬁﬂ@%ﬂi%@zlﬁELMT 18 AR
BB . G5RFW R AT PLa A S IR A 3 (Y 7] i, B A B0 i 7R SRR 0 VI8 v R RRE T, S
f%f’ﬁik:jfzﬂl“ﬁ JE A8 ELA SRS ARTE MG o B R RS S B Dy 40 mm/s K AE ST M 1 kg, ‘I;&ﬂuﬂm?ﬂﬂ%%%;_
P R B AR
KRR RO AN R A RMEEEYLG A BRIKE; TR S
FhE 4 %S THI38.5 Iﬁﬁﬂ,ﬂ\ﬁﬁ: A X EHS : 1000-1298(2026)07-0203-14 OSID ; &

Design and Experiment of Agricultural Pipeline Inspection Robot
for Irrigation Systems

LIU Xiaomin WEI Heng LIU Zheng ZHANG Dongxu ZHAI Qingmiao ZHAO Yunwei
(School of Mechanical Engineering, Bethua University, Jilin 132021, China)

Abstract; A soft pipeline robot specifically designed for agricultural irrigation inspection was described.
The robot was capable of fast and low-resistance locomotion, achieved through a single-drive mechanism.
The robot’ s peristaltic motion was produced by a linear extension actuator and six pairs of flexible feet,
controlled through a single air channel. This integrated approach reduced control complexity and
increases mobility. An investigation of the peristaltic mechanism in a single-actuated pipe robot was
conducted, along with structural optimization, deformation modeling, and performance testing of the
flexible foot and body actuators. A mechanical model was established in order to characterize the driving
force and step displacement during the robot’s propulsion phase, with its predictions subsequently verified
by static experiments conducted inside a pipeline. Gait-based velocity modeling was conducted to
examine the robot’s motion characteristics. A 3D motion capture system was employed for precise motion
tracking, thereby revealing the influence of air pressure and ventilation frequency on overall locomotion
performance. Experiments were performed in a simulated agricultural irrigation pipeline system to
evaluate load capacity, adaptability to different pipe diameters, and mobility under varied pipeline
conditions. Additionally, a front-mounted visual sensing unit was integrated to enable internal pipeline
inspection. The robot achieved a maximum speed of 40 mm/s and carried a payload of 1 kg, enabling
rapid exploration within complex agricultural irrigation pipeline systems.
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Fig. 1 Creep mechanism of robots
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