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Development of High Traction In-pipe Robot Adjustable

500~800 mm Pipe and Verification of the Capability
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Abstract : Recently, various in-pipe robots have been developed, but they are difficult to apply to the field
due to their short driving distance. In order to increase the mileage of the piping robot, traction is an
essential element, especially for running in pipes. In this paper, we propose a high traction piping robot
capable of running mid to long distance inside pipes. The running performance of the designed piping
robot was confirmed through multi-body dynamics analysis, and structural stability of the robot was
reviewed through structural analysis. In addition, the performance of the manufactured robot was verified
by comparing the traction force of the manufactured robot with the analysis result, and the climbing
performance was confirmed through a driving test on the pipe test bed. As a result, a high-traction pipe
robot can tow 400 kgf of auxiliary equipment and can move vertical and horizontal curved pipes with a

diameter of 500 to 800 mm up to 45 degrees.

Key Words : In-pipe traction robot, High traction, Driving long-distance, Hydraulic actuating, Multi-body

dynamics
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Table 1 Required conditions for pipe robot

M

ba g el F4AE FYol bed =

= Gy a0
SHMERE
- |
m%SOOO
2l TR
oS
o)
o
en [}
=}
HEMEEP
g8 2l 8l2|s
etumtd.l
g %cntl%
AEIEIEIRE
x| F mnn.\v.ﬁ
£
18573
0 Ar
ﬂoﬂqug
ﬂ._zoﬁnzomﬂ
00 —~— sl
o >Ny
B
Bowow <
e
< N = ©°
1_1‘_ HnmE
,H',Dﬂ_i]rﬂ
~ — o ol
T of
5 . W
N_.,_mlxln“.uu
RN
o% T o o
P o w
R T
EET .
ot o ™ oo =,
ook B W

3|

el

A BRFEL HT 99.2%71A A&H o2 Z7)E|
gom, AA7t= A AS 202197H4] 94%2)

£S5 9|3 Table 134}

Bl

tol 2Re AT

3

Ze e 5w AYe 4%

Ao

|
N

el
<
4

ol

I} Ao} 2F oA BB

o
=]

ot
ALt dAE Z1AL L

%
b, 38l M=

® xRe 7

thal

b oo

3
<

ks o2

3

& Fojop

A
=4

3

HE

il

oju

Jo

AUHRA, e FAALY chorg el 2

™

tol 2842 =4 oo F3ALUN &

Q13

=

]

7

ol

H{0

Kl
K

il
——

A4 AAe F9

=
=

I EEFA wde A

X

W KRR
Mo 2% ualﬂm
M® T x®T DR
Eimﬁm%?%ﬁﬁ
thﬁ,ﬂadﬂb..kl
sT*ee el
_ ol ® !
uﬂa%%ﬂﬂmﬂwﬁg
TSy BN
ﬂﬂ%&?% o
. a
...oo#._q _ﬁﬂ_]wﬁg
mn%mdmw.miﬂw_ o
Iiﬁviﬁm.iﬂwmﬁ
o_%muﬂuﬂ& 5
ﬁﬂi1w%ﬁ1ﬁ
U - <
= iy
H%%WEQE%%
o T 0
T Eoo_uﬂa%ur
- H P o
Y] T f Mo T o Wo ™
RN T T HE P H
DN R ORI
T s SR W
Iwnom_. ™ w o o
) - of B b
wamﬁi & O o N
ﬂo_aﬂLaom_wﬂiiq_nq%n
]@-ﬂ.ﬂuw:lﬁﬂ‘_lﬂﬁdllo
o 2 ,ccl - % =
MEﬂL:i #womL&é
= = ot =
N ooy o T W o M
TAPEIT TR .
%mezfﬁo%%%x%
oo o) M w N
%i ww___ o o 5
M o] up M_W oy X oo
ﬂ‘_ﬂﬂmﬂrﬂl_ﬁﬂﬁn%qm@ﬂtu
il B S
NG g oW B oo A B R
T www AT A A

~

o

oju

el

Ho

R

l
@
=]
5]
=
=2
=
<
Q

ool =

=
=T

ol

10
ATk ik

57 0]

L
-

3}

g =

oy
T

Drive module

Support module

RS IRE)

S

o 2ol 2o

Ho
il
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(b) Contact conditions (Robot to pipe)

Fig. 6 Initial conditions
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Table 2 Parameters for analysing multi-body dynamics
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Fig. 7 Results of multi-body dynamics in 500 A

horizontal bending pipe
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Parameters Input Value
Hydraulic pressure 60 bar
Lower wheel spring 58.8 N/mm
Upper wheel spring 58.8 N/mm
Wheel friction coefficient 0.4
Drive wheel angular velocity 5.18 rad/T
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Fig. 8 Results of multi-body dynamics in 500 A
vertical bending pipe
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Fig. 9 Results of multi-body dynamics in 800 A

horizontal bending pipe
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Fig. 10 Results of multi-body dynamics in 800 A
vertical bending pipe
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Fig. 15 Initial condition of multi-body dynamics
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Fig. 16 Multi-body dynamics analysis result
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Fig. 19 Driving test of high traction robot in a

vertical pipe
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Fig. 20 Driving test of high traction robot in a

horizontal pipe

MBzRe MA A= 9 d% =2 9 o}
24 54t sj4 Age) AL AUk o,
MgE 23] As &S #8 300 m A
W 7 B4 24 guslel 48 £AL 9
g F7F AP o golr
Author contributions
M. w. Jang; Conceptualization and

Writing-original ~ draft. J. Y. Lee; Project

adminstration. M. S. Jung; Formal analysis. J. H.
Hahm;  Funding

acquisition. S. H. Hong;

Investigation and Methodology. K. H. Seo;

Resources. J. H. Suh; Writing-review & editing.



XtO|

o .
o LT S

0

A .5
e

References

. J. H. Lee, D. S. Gu and B. K. Choi,
of

Journal

2008, "A

Structural
of the
Korean Society for Power System Engineering,
Vol. 12, No. 2, pp. 18-22.

. J. H. Lee, 2008, "Pneumatic Tube System", The
Society of Air-Conditioning and Refrigerating
Engineers of Korea, Vol. 37, No. 8, pp. 34-42.

. Ministry of Environment, 2018, "2018 Statistics

Diagnosis and Solution Case

Vibration caused by Pipe",

of Waterworks".
. K. J. Park, 2013, "Analysis on the Likelihood
of Axisymmetric Wave Propagation in Buried
Water Pipes", Journal of the Korean Society for
Power System Engineering, Vol. 17, No. 1, pp.
36-41.
. J. W. Cho, J. C. Lee, and Y. R. Choi, 2020,
"Development of Ultrasonic Leakage Sensing
Unit for the Detection of Gas Leakage in the
Pipe", Journal of Institute of Control, Robotics
and Systems, Vol. 26, No. 7, pp. 517-525.
(DOI:10.5302/J.ICR0S.2020.20.0047)
. D. Y. Kim, S. W. Park, H. J. Lee, J. P. Kim,
Ww. L and D. H. Kwak, 2021,
"Development Robot by Using
of the
Society of Manufacturing Process
Vol. 20, No. 2, pp. 58-65.
(https://doi.org/10.14775/ksmpe.2021.20.02.058)

7. H. J. Yeo, 2012, "Development of a Robot

Chung
of Pipe
Korean

Mecanum Wheels", Journal

Engineers,

10.

11.

12.

System for Repairing a Underground Pipe",
Korea Academy Industrial Cooperation Society,
Vol. 13, No. 3, pp. 1270-1274.
(https://doi.org/10.5762/KAIS.2012.13.3.1270)

. D. W. Kim, S. G. Roh, J. S. Lee, S. H. Lee

and H. R. Choi, 2008, "Development of In-Pipe
Robot Using Clutch-Based Selective Driving
Algorithm", The Korean Society of Mechanical

Engineers, Vol. 32, No. 3, pp. 223-231.
(DOI:10.3795/KSME-A.2008.32.3.223)
.B. S. Kang and C. S. Song, 2006, "The

Estimation of Shape Parameter of Pneumatic
Cylinders", Journal of the Korean Society for
Power System Engineering, Vol. 10, No. 4, pp.
127-132.

J. Y. Lee, S. H. Hong, M. S. Jung, K. R. Han
and J. H. Suh, 2018,
Robot for In-pipe Cleaning from 250 to 500A

"Development of the

Pipes", Journal of the Korean Society for Power
System Engineering, Vol. 22, No. 5, pp. 13-26.
(DOI:10.9726/kspse.2018.22.5.013)

J. H. Kim, S. M. Han and Y. J. Kim, 2016,
"Effects of Viscosity of Hydraulic Oil on the
Performance of Actuator", Korean Society for
Fluid Machinery, Vol. 19, No. 1, pp. 31-36.
(http://dx.doi.org/10.5293/kfma.2016.19.1.031)

K. Y. Bae and J. S. Jeoun, 2015, "Study on the
Hydraulic Cylinder Flow Analysis of Orifice
Type", Journal of the Korean Society for Power
System Engineering, Vol. 19, No. 6, pp. 54-59.
(https://doi.org/10.9726/kspse.2015.19.6.054)

SAAHZTRX| M253 M4z, 20219 8¥ 61



	500~800 mm의 관경 대응이 가능한 고견인력 배관 로봇의 개발과 성능 검증
	Abstract
	1. 서론
	2. 고견인력 배관 로봇 플랫폼 개발
	3. 고견인력 배관 로봇의 설계 검증
	4. 배관 로봇의 성능 시험
	5. 결론
	References


