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Modeling and Simulation of Pipeline Cable Inspection Robot Based on
Omnidirectional Wheel

Abstract

Abstract: Aiming at the problem that the inner space of underground pipeline cable is narrow and closed,
which cannot be inspected by humans, and the existing pipeline robot cannot adapt to the special
environment of pipeline cable, a miniaturized, compact pipeline cable inspection robot is designed. This
robot is capable of operating within the underground pipeline where cables have already been laid to
inspect the inner wall of the pipeline and the working condition of the cables. According to the
requirements of the working conditions, the whole three-dimensional model of the robot has been
established. The mapping relationship between the omnidirectional wheel velocity and the system
velocity has been analyzed, as well as the variable diameter support capacity and tractive force of the
robot inside the pipeline, and the mathematical model has been established. The simulation results show
that the robot can directly pass through the underground pipeline laying YJLV22-3300 cable, and can
adjust its posture to avoid obstacles and continue to complete the inspection task. The simulation results
are basically consistent with the theoretical calculations, verifying the correctness of the dynamic model.
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Abstract: Aiming at the problem that the inner space of underground pipeline cable is narrow and closed,
which cannot be inspected by humans, and the existing pipeline robot cannot adapt to the special
environment of pipeline cable, a miniaturized, compact pipeline cable inspection robot is designed. This
robot is capable of operating within the underground pipeline where cables have already been laid to
inspect the inner wall of the pipeline and the working condition of the cables. According to the
requirements of the working conditions, the whole three-dimensional model of the robot has been
established. The mapping relationship between the omnidirectional wheel velocity and the system velocity

has been analyzed, as well as the variable diameter support capacity and tractive force of the robot inside
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the pipeline, and the mathematical model has been established. The simulation results show that the robot

can directly pass through the underground pipeline laying YJLV22-3300 cable, and can adjust its posture

to avoid obstacles and continue to complete the inspection task. The simulation results are basically

consistent with the theoretical calculations, verifying the correctness of the dynamic model.
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0 55

HFE gt ey — M E R f R Ty X
R A i R RIEHE B
W EE R, B2E G K AR i T, Hab
THMEN, BARERERIER, S
AR BT, TSGR T — B i e 4
MmN, AERSEH e, mENEES
FHEOKR M KA, BN RISERNFRE AR
L T, R, HEE AR ML A T
A TAE RO LB K .

R B gk L2 N8 T B E LA A TE s .
SCHR[6)TTJE T 8 sV LA N RGF AT, TR T
MRINSPECT # % & & #l & N, H o,
MRINSPECT VIIHlL#% A e 8% 18 i 5 4% Lk 45 14 1
TATEHE, AHEASMEHRA, B E3)
SIICHAE o SCHR[7]E 0T 7 6 20 T MR A AL 25
N, HLERN 6 MRE 58 T8 N BE R R4 i, 1 IR
Higwt:, FNFHEENSANG LREZNET
FRIRES, RERTAL A — @ EEsk . SCER[SH LI
EIEHLAE N, ] e E AL s N AT e
PRV, FRUEHLES N AR E S N B 0L R
SEPLTCLRIEAE o SCHR[9] 1 1T 1 e JE 2H A =0 E AL
ar N 25l Ak i A J7 1 ker il , - DA SR I A
AE MRS S, BRI . SCER[10]1
TR TEATL A R B 4% i 42 i SV AR A il N g
&, R5EMA FTS .

SCHER[ 10 T —Fh =l 22 sh A AL
DU R AR i 28 N id 25 B I 1)ag 3 Rtk . 3¢
BR[ 1203 H — A RGN TC 4% A AR e T AL
N, BT AL NTEMARE TE s AT I B )
iR, BRI, BUE T B

NRG R T I, o br 7 HLas N3 55tk
A 3A B3R I 25 BOnk HL A% N\ 32 4T 1 B 19 52 i
SCHR[13TBETE 17— b b 0 9K 3l ) 3 s iR e 2K B
i N AT S5, (B AL N5 Al T B N
NETERBON R M . SCHR[TATRT ] H — o TE VS It
PLEs N, FORIG SRS S o vE AT $0k, A
AR EEIFIRAE ). SCER[15]1500H T iR UE
ENLAS N, DO I8 A BE (R0 05 R AR ko
RIGOUEAT AT, W SCBLE A TOL R s 4T
AN o

[ Py AMEENLEE AR 2 el 4B e
A B B BRI N AR, R P Ak s 1] DA R 4R
PRI — 2 2K, HIARELE SO i S PR
AR B S this T Mt AT L5 H B
JH DA I FL B T

ARV — A BEE B AR I HRE B AT
FFRENE HEAT RSB R A AL A N, LA
NEA N B R, AR RLg
Fral, FIATEGEIE, AT, RAHANLAR
B PUREE, W UASE AR, O R
RGN % R g 18T IR R OR bR

1 THRHE R KIS NGEH

1.1 THRFERDH

AL N A H 2R 2 I3 R 10 kV R+
510 kV KRB, Hd, 10kvV KT4&E
Ky4.6 km, 10kV KIRZEK 2467 km. Hlds
N K HEE RN © 180 mm, AR
® 190 mm, HEEEEJE NS mm, PN EBECAE LY
A5 4 YILV22-3x300, 4M%Jy @ 80 mm, Wil 1
Hr7R o

http: // www.china-simulation.com

* 2101 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss9/11
DOI: 10.16182/j.issn1004731x.joss.23-0536



Yuan et al.: Modeling and Simulation of Pipeline Cable Inspection Robot Based

36 555 9
2024 49 H

B DR A M3 T HEE Lk

Fig. 1 Underground pipeline cable drawings collected on site
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