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Design and Analysis on an Adaptive Wall-climbing Robot Structure
for Variable Curvature Facade

HU Xiaolin, GUO Runlan, HUANG Hua, ZHANG Cundong
(School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730000, China)

Abstract: To address issues such as weak stability and insufficient adaptability of wall-climbing robots working on variable
curvature wall, a wall-climbing robot of separate structure that the adaptive module is relatively independent from the main
body is designed, and its motion performance on walls is studied. Firstly, a mechanical model based on the movement
principles of robot on a wall is established. The adsorption forces required for longitudinal/lateral direction switching,
wall-climbing movement, and obstacle crossing without slipping or overturning are calculated. Additionally, the changes in
the robot body posture during longitudinal and lateral movements on circumferential and radial curved surfaces are analyzed.
Subsequently, the magnetic circuit design and parametric simulation of the permanent magnet device are performed to analyze
the effects of air gap distance and wall thickness on the adsorption force. The adsorption forces of the robot on different curved
surfaces and in various motion modes are simulated to optimize the design of the permanent magnet. Finally, experimental
validation is performed to assess the climbing performance and adaptability of the climbing robot on variable curvature
surfaces. The results show that the designed wall-climbing robot features flexible longitudinal/lateral switching movement,
stable adsorption, and strong adaptability to variable curvature surfaces, with a minimum curvature adaptability of 0.46 m
and the capability to carry 7.2 kg equipment on a 90° wall.

Keywords: wall-climbing robot; permanent magnet adsorption; variable curvature facade; motion analysis
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Fig.19 The driving wheel crossing the obstacle
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Fig.21 Schematic diagram of the changes of obstacle height

and adaptive connection module
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Fig.22 The relationship between the obstacle size and the
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3 {AFE% 47 (Simulation analysis)
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Tab.2 NdFeB-N45 major parameters
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Fig.23 Permanent magnetic adsorption device
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Tab.3 Structural parameters of U-shaped magnetic bridge
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Fig.24 Simulation of the Halbach permanent magnet array
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Fig.25 Simulation of the U-shaped magnetic bridge
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Fig.26 Curves of gap distance and adsorption force
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Fig.27 Curve of wall thickness and adsorption force
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Tab.4 Mass parameters of the robot
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Fig.29 Test of the permanent magnet adsorption device
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Fig.30 Absorption force versus air-gap size in the experiment
and simulation
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Fig.31 Adaptive adsorption test
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Fig.34 Steering motion test
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Fig.36 Motion test in loaded conditions

SCIGUE W, Z AL A A RE 5 78 22 Hh R BT E DL
0.12 m/s IR L AT AR 3. BRI 30, B,
I REHE K 7.2 kg LA BRI ¥ 46 xoh B T 2t AT Ao M,
AT FEAR AR BE T AR E TARHINLES Ao



590 I SN

2024 £ 9 H

5 %52 (Conclusion)

1) BFRLEE N AEAR M 2 45 8 S b AR e M g5 A
I N R AN T 9] A AR SRR 1) L, 4t — A
AL DL A [F] 26 4 T S T 4 5 2CTE EE AL 2%
No BLaE AR H 18] B XK i bt 77 X 5 %6 Xk 8 U7
i Hod 4 AN IRBNFC AR BHST,  ATAR B T i %K
ANBAT A B $2 2 5)),  DASEIINS 37 T #2280 Y

H i Mo
2) @7 T NERENL &5 NAEBETH B A2 B 1) ) 2 A

AT TR BN IT IR RGN/ BRI B B AL A

ﬁ% o TG 2R 28 BT 5 LR WRCBE 70, A € B A

TR MRS IRAE 22 4 RN 1.5 BT N S/ N 7R

60.03 N. RFHBUE 7 Hrid, 704 1 HLEs AAEJE 1

T A4 ] p T A 1 B Bl AU [0 B8 B I AL B 48 25 AE

ANTR] i A BE T LA AE L, 45 21 RS Bl I f /)

AT N PR A e A [ D R 23R 23 00 D 0.65 A

0.87 m, A7) F% Bl IS fe /N AT 3 7 14 R 1) o ] R4 1)

fH T ) B R 4333100 0.46 R 0.9 me HeJ 40 M T ki

AL B 2 2SI AL AR T
3) A EAI SIS SRR T BT TEEE NS A

TERETIRS B, W B AR I f AR 2 1, 0B 1<

()R SZTH S EEFIAS R TR A [R] 32 B A5 20k W

JIR/INEIFER. 7] 0 it 1T 248 R R ST D JE PR %o W

FIRIFEME AN, #8807 2R ] 0k R MR B g )

SOMARR, LA B s o) 7R e o 2 1B 5 e D 2 T 1)

SBRIEEE, PAPRIUE B A& 2 2817
4) ZREW], ZHla NEA R R, %Wﬁ

B~ H TN RE ) 9B AT — € OERE T RURE R ]

LRPGEBUNS B IR PN RS Y AP %&TE%%

T R BN S LA WBR I )@, N CEEHL 2%

NAEAZ 28 <5 Jm ST b g N2 S it 1 BEAR AR AR AT

BWES

SE#k (References)

[1] v, Ktk £, % EURRE T E R IEELZE N
FIEAEFIRIT]. HLER A, 2024, 46(1): 36-44.

WANG T, ZHU S Q, SONG W, et al. Path planning for wall-
climbing robot in volume measurement of vertical tank[J].
Robot, 2024, 46(1): 36-44.

[2] FANG Y, WANG S, BI Q S, et al. Design and technical devel-
opment ot wall-climbing robots: A review[J]. Journal of Bionic
Engineering, 2022, 19(4): 877-901.

31 BH R, 2%, I, % ICENLZ AR UK AR &
EAI]. HUE TSR, 2023, 59(5): 11-28.

MA J L, PENG J, GUO Y J, et al. Research status and devel-
opment trend of wall climbing robot[J]. Journal of Mechanical

Engineering, 2023, 59(5): 11-28.
[4] LIJ, JING S S, WANG C J, et al. Weld line recognition and

path planning with spherical tank inspection robots[J]. Journal
of Field Robotics, 2022, 39(2): 131-152.

[5] YANG P,ZHANG M L, SUN LY, et al. Design and control of
a_crawler-type wall-climbing robot system for measuring paini
him fhickness of offshore wind furbine fower[J]. Journal of In-
telligent & Robotic Systems, 2022, 106(2): 1-7.

[6] Z=EAHEE, Bkl BmerE. BRI AR IC R A 2

NI T S AR T PR D). R KR (A RR
W), 2019, 50(12): 2989-2997.
LIJC, CAO L K, XIAO X H, et al. Design and adsorption sta-
bility analysis of wall climbing robot based on wheeled mag-
netic adsorption for ultrasonic detection[J]. Journal of Cen-
tral South University (Science and Technology), 2019, 50(12):
2989-2997.

[7] JIAOSL,ZHANG X J,ZHANG X, et al. Magnetic circuit anal-
ysis of Halbach array and improvement of permanent magnetic
adsorption device for wall-climbing robo{[J]. Symmetry, 2022,
14(2). DOI: 10.3390/sym14020429.

[8] JIANG Z, MA Z, JU Z ], et al. Design and analysis of 4
wall-climbing robot for passive adaptive movement on variable-
curvafure_mefal tacaded[J]. Journal of Field Robotics, 2023,
40(1): 94-109.

[91 JIANG Z, ZHAO Z, CHEN B, et al. Design and analysis
of a passive adaptive wall-climbing robot based on five-bar
mechanismd[J]. Ocean Engineering, 2024, 298. DOI: 10.1016/
j-oceaneng.2024.117140.

[10] WANG Y, ZHANG X J, ZHANG M L, et al. Selt-complian{
frack-type wall-climbing robot for variable curvature facade[J].
IEEE Access, 2021, 10: 51951-51963.

[11] Zhang D, Li Z H, Jia P, et al. Optimization design and trajectory
error compensation of a facade-adaptive wall-climbing robot[J].
Symmetry, 2023, 15(2). DOI: 10.3390/sym15020255.

[12] LIN S, SONG Y F, WANG H G, et al. |Variable curvature adap-
fation and transformation flow of a passive-compliant magnetic
wheeled wall-climbing roboi[J]. Mechanism and Machine The-
ory, 2023, 189. DOI: 10.1016/j.mechmachtheory.2023.105440.

[13] HU J Y, HAN X, TAO Y R, et al. A magnetic crawler wall-
climbing robot with capacity of high payload on the convex sur-
face[J]. Robotics and Autonomous Systems, 2022, 148. DOI:
10.1016/j.robot.2021.103907.

[14] ZHANG Y L, GUAN E G, LI P X, et al. A novel magnet
ic circuit design method for a permanent magnetic chuck of
wall-climbing robol[J]. Energies, 2022, 15(18). DOI: 10.3390/
enl5186653.

[15] A, TRk, EPN, % CRETEE R ERES

TR A X0y B N B2 T I BE R 28 AT 31 S At I0]. HLas A,
2022, 44(4): 471-483.
HUANG H, WANG H L, WANG Q F, et al. Design and s-
tudy on a wall-climbing robot based on planetary gear track
obstacle-surmounting and hybrid double adsorption compensa-
tion[J]. Robot, 2022, 44(4): 471-483.

fEE BN

ek (1998 =), 5T, WitA. HFRUE: Pl AL
B, HLBE—ERE AR,

# &£ (19780, B, L, #IR, HLAESN. R
B FERHLAS A


https://doi.org/10.13973/j.cnki.robot.230036
https://doi.org/10.13973/j.cnki.robot.230036
https://doi.org/10.1007/s42235-022-00189-x
https://doi.org/10.1007/s42235-022-00189-x
https://doi.org/10.3901/JME.2023.05.011
https://doi.org/10.3901/JME.2023.05.011
https://doi.org/10.1002/rob.22042
https://doi.org/10.1002/rob.22042
https://doi.org/10.1007/s10846-022-01750-w
https://doi.org/10.1007/s10846-022-01750-w
https://doi.org/10.1007/s10846-022-01750-w
https://doi.org/10.11817/j.issn.1672-7207.2019.12.008
https://doi.org/10.11817/j.issn.1672-7207.2019.12.008
https://doi.org/10.3390/sym14020429
https://doi.org/10.3390/sym14020429
https://doi.org/10.3390/sym14020429
https://doi.org/10.1002/rob.22118
https://doi.org/10.1002/rob.22118
https://doi.org/10.1002/rob.22118
https://doi.org/10.1016/j.oceaneng.2024.117140
https://doi.org/10.1016/j.oceaneng.2024.117140
https://doi.org/10.1016/j.oceaneng.2024.117140
https://doi.org/10.1109/ACCESS.2021.3068000
https://doi.org/10.1109/ACCESS.2021.3068000
https://doi.org/10.3390/sym15020255
https://doi.org/10.3390/sym15020255
https://doi.org/10.1016/j.mechmachtheory.2023.105440
https://doi.org/10.1016/j.mechmachtheory.2023.105440
https://doi.org/10.1016/j.mechmachtheory.2023.105440
https://doi.org/10.1016/j.robot.2021.103907
https://doi.org/10.1016/j.robot.2021.103907
https://doi.org/10.1016/j.robot.2021.103907
https://doi.org/10.3390/en15186653
https://doi.org/10.3390/en15186653
https://doi.org/10.3390/en15186653
https://doi.org/10.13973/j.cnki.robot.210419
https://doi.org/10.13973/j.cnki.robot.210419

