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Development of Spiral Driving Type Pipe Inspection Robot System for
Magnetic Flux Leakage
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The pipe inspection robot using the MFL non-destructive inspection equipment, has high inspection efficiency in the pipe
with high magnetic permeability. However, this equipment generates attractive force between the pipe and the permanent
magnet, requiring a high driving force for the robot, and sometimes causes the robot to be incapable of driving. In this
study, the development of a spiral running type magnetic leakage detection pipe inspection robot system is described.
Multi-body dynamics analysis was performed on the designed robot, to confirm the robot's driving performance. After that,
the performance of the robot was verified, by testing the manufactured robot in a standardized test bed.
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NOMENCLATURE v = Inspection Module Wheel Velocity
) . | X,, x, = Drive & Inspection Module Spring Compliance
Ains = Inspection Area of MFL Module a = Link Angle Apart from Module Center Line
D,,, = Wheel Contact Circle Diameter of Drive Module . o
) s = Coefficient of Dynamic Friction
F, = Drive Module Wheel Contact Force . . .
] dl ) b Wheel H, = Coefficient of Rolling Resistance
F,, = Dnv::1 I\C/}lo u'e Traction Force Exerted by Lower Wheel & — Inspection Wheel Tilt Angle
g = Earth Gravity o = Wheel Suspension Angle

ki, k= Drive & Inspection Module Spring Stiffness = Angle between Line from Point A to Wheel Center

Ly = Drive Module Link Height .

! and Horizontal
L = Initial Length of Wheel Link
L = Link Linear Travel Distance
l, = Link Length

‘ e 1. M2
m = Module Weight
n = Rotation Number of Inspection Module

ZZ OECD =752 AlGF 7]HE AJA o) tidt 45 Zol=

Ty = Motor Torque
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Fig. 1 Components of pipe inspection robot
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Table 1 Objective of pipe inspection robot spec

Target pipe size [mm)] 500
A module weight [kg] >30
Driving distance [m] 50
Climbing angle [°] 45
Inspection area [%] <30

(b) Term definition of wheel and suspension action

Fig. 2 Drive module term definition and free body diagram
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Fig. 3 Result diagram of kinematics
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Fig. 4 Multi-Body dynamics analysis process of drive module

Table 2 Module material

. Modulus of Yield strength
Part Material elasticity [GPa] [MPa]
Center body
Link AL6061-T6 68.9 276
Universal joint
Spring rod
SUS304 193 215
Center screw
Table 3 Conditions of multibody dynamics
Component Value
Veloci m 60
Wheel t lrprm]
Time [s] 0-15
Motor -
Active Velocity [rpm] 336
link Time [s] 0-10
Wheel spring 58.8
Stiffhess - -
[N/mm] Link spring 15
Traction spring 200
Static friction 0.5
Coefficient
Kinetic friction 0.2
Weight [kg] 29.83
Time [second] 15
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Fig. 5 Changes in traction force due to movement of active links

Table 4 Comparison of kinematics and multibody dynamics result

Average error Mean traction force [N]

Section
[o] Kinematics Analysis
2-3 20.95 88.29 69.79
34 8.17 989.32 1,070.4
4 0.43 1,623,54 1,630.4
30 7 }+= Motor 1
20 7|+ Motor 2
g 10 4 Motor 3
T B 50 =i R | B Motor 4
% o . otor
t Motor 5
o
5 -10
= RS b A Motor 6
-20 7 Motor 7
-30 —=— Motor 8
0 2 4 6 8 10 12 14 16

Analysis Time [second]

Fig. 6 Multi-Body dynamics analysis result of motor torque for
drive module

T HEl] tEA F9%t sjH R d2 WY B3 A
£ Fig 6] UEIQT. e 15E 4= A o] 75w
B mhlow mAlsigal, wE SHE 8 sl ulFle] 7%
HEZ AXog AEgLh 2E Eas §]X-] Hlgkol| ula)
CWE 9, CCWE 25 groz si4= 9l
HH7E e ek b BE e B Srlske] )
15 Nme| 2E 87 E3E 39lstgnt.

Ol 4% o) AR

3.2 AL 2ES| AA|
Fig. 70 A} g -5 v A 2AEE YER AL Qi



608 / August 2022

(a) Half of MFL module and
wheel assembly

(b) Wheel suspension
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Fig. 7 Term definition of inspection module
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Fig. 9 Sequence of inspection module multi-body dynamics
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Fig. 10 Analysis result of traction force for inspection module
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Link Name Equivalent Stress [MPa]

A / ‘ g / & a
Upper Wheel Link -

Equivalent Stress = 185.72 S.F.=149

O NENQ

Lower Wheel Link

Safety Factor

Equivalent Stress =195.13 S.F.=1.41

L EIORNEIN

Male Spring Rod

Equivalent Stress = 16.58 S.F=12.96

D §§ihﬁﬁE= ~~ib‘.l
Female Spring Rod

Equivalent Stress = 9.29

Fig. 13 Link structure analysis forced by MBD
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Fig. 16 Configuration of the testbed and installed structure
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