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Design of a new modular accessory for increasing traction of mobile inspection
robots in pipelines
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Wheeled mobile robots able to inspect pipe interior are typically used in industry. One of the major
Received 13 October 2015 evaluations of these robots performance is mobility in limited spaces and special environments.
Accepted 16 December 2015 Unanticipated area and obstacles along the robot path is one of the major challenges of robot success in

Available Online 23 January 2016 missions. In this paper a novel module for increasing the robot traction when encountering small

obstacles, paddle or large deposit is introduced. In addition, the mechanism increases the robot traction

Keywords:

Pipe inspection robot when moving in high inclination pipes. The mechanism consists of two links mounted beside the four
Module wheel drive robot. When the robot is faced with an obstacle or a paddle and cannot move further,
Mechanism although the robot wheels rotate, contacting the module’s links to pipe surface changes the balance of
Traction normal forces applied between the pipe and wheels. Further, when the links are extended to contact the

upper part of pipe, the wheels normal forces are increased, providing a higher traction force
consequently. Length of links may change in addition to its rotation. So, a two DOFs mechanism is
provided in which one motor is used as actuator. For switching active DOF, a locking mechanism is
utilized using shape memory alloys actuators. The analysis and simulations show the capability of
mechanism in increasing the robot traction. The mechanism performance is validated through ADAMS
dynamic modeling software.
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Fig. 1 Design of developed module mounted on a common
robotic platform
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Fig. 3 Mechanism of switching module degrees of freedom
actuated by shape memory alloys
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Fig. 8 Functionality of module accessory in forward movement
of blocked robot because of front wheel entrance into a paddle
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Fig. 10 Action strategy of module accessory in passing through
obstacles during inspection
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F_ig. 9 Robot blockage by deposits during inspection of sewer
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Fig. 14 Module functionality in forward movement in high
inclination pipes
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Fig. 15 Module functionality in robot movement in high
inclination pipes
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Fig. 16 Free body diagram of robot when module contacts the
pipe surface
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Fig. 11 Angular position applied to racks in passing an obstacle
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Fig. 12 Variation of racks length in passing an obstacle
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Fig. 13 Facing robot with large deposit during sewer pipe
inspection
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module arm
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Fig. 19 Free body diagram of robot when module contacts the
pipe top in high inclination pipes
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Fig. 20 Variation of force along module arm in the first step of
passing through obstacle
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different angles
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Fig. 18 Effect of normal force N3 on required torque of
activating first mode (T1) and second mode (T2) in different
angles of module arm
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a vertical pipe

ogee Ay o b, oS o plKin Jgsle (593 olaal o gy ol ks 25 S

Jb o b, 5123 1520 la IS o oad 4Lyl slig s consd LS55 4y a3V
I ezl oals glzenal (B)lse 5l hee 5o Joile Some s oS >
Bl e Gl po (Sealiad Slog s Sl Jlages liluys

Slals [0 39390 g, Hlaie 25 5 20 slo IS ;o oo &8l ol
Slles (pgas ;0 amd o0 Olai 1) 0ud 63y aslipy &S > 51 ps Jgile
s (2l gSae Sslizs > |y mlis ol lgior glo g 08 I 5
3 Jlac alis & (Sl 058 15 088 b ol 3o o
oSB sl 5 az,0 45 o 5l e o Jg el sad (55 Sojlail lag
oad sdaline Ol oS> 5 Jlosl lailis g5, Jolos 5 59510 (9,
el o > o ol o orkins Sroliys alfs 5)le 4 ]
G Gl 85 GesSae b e Solis alie o il sl ls o
Sy Ayl odld a8 5 i o SVl gl s S (6 IS ame DY
2 pdy plxl

@ (o 9o -6

Ol Blo s oya> I e 0 Ol O o gileand @l @ axg b

pogdhe b, albb oo 3990 dio (| 0 3l o, Slas 4 505 cdline

o Jy il e el milgs ol b ablie o T glag e ozals

WS oo St o sl by 4 SlglE SIS Sl Jgile 558
g ol g oo alie o ouds il Llos Luly, 5l eolizul |

Seebas @logye ) Shdo by (SSll Sjpar 1) ead gl

1 o)losis 16 0951395 ORIV ()30 Slo Swiie

400
300} A J‘
(A
\f
200} ; -
&
=100 [ | -
i \ |
'1000 1 g 4 5 6

3
t(s)

Fig. 21 Variation of force along module arm in the second step
of passing through obstacle
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Fig. 22 Variation of robot velocity when passing through
obstacle using module accessory
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Fig. 23 Variation of force along module arm when passing
through paddle
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missions in analysis and simulation by Adams

slals (g9 sl 655 :
~ MJ)}ALO
(5eloT) (@NES)
250 290 0y §l y9ue
300 290 o 5l e
210 205 4,545 b 3l jeee
600 500 PN

iz glacy jsele jo il> Jgile sloysliiS 5 lag,m 5iSTa> 5 Jgus

Table 5 The maximum force and torque of module accessory in
different missions

s gSlhe les sl o Sl
oSS e Sl s 0 ool Sl
(N.m) (N.m) (N) ! wls
6 12 400 0>l e
6 12 400 &b 5l e
3.9 7.8 260 a2 45 cois b
9.75 19.5 650 $ogee dlg) b
343

Syge el Goyb 5l gy (Seslis glseil (rizen 05ei gl
dle By alie Sielos Jo 5l Bas (57 eizren Sl w8 S
ol copd B b plgi oo cadlbioo Jgile sege sl 5Lo 0590 jgless
8,5 0 50 00l duwlos  Sooliwl jglinS 1 ecwnlio

45 oot woyi gile 5l e Cujgale ez 5 Joile (owiiin Cusdye
3 Jsaz 5o 5ol J38le 5 50 ) s b (605, ol o3 gl g a0
5 b, Bzl lme 0aisS oo Jsaz el o gmax szebl el o 4|
Lot o glalen il 95 el 5 by 3Shee o
S ewdie Slate pods 3l Olgiee g 009 szl Sl Gliee 9950
Dged 18 1o g o alns jolaie 4y olj] ol 1o

SIls 59y )i (8) 5 (7) Ly, & 4> bojim 5 wlo 5l jgue
L el ply
N3=580 N =>N3xsin (¢) =580 N (10)
Jogei 5 il 10 sl 00 bl 6,US 3L 45 Lawgi e oy
sl Joges alimda b0t ot L5155 g 290N iny ke ol i
2 &l il (gg, 00 Sloul (59,5 ke a5 405 calive g5 0 22 519
[KVIPRV PR PV 250N 3 300N 540> i 4 0,8 4 sl gl jgue
S e Sleran ddow ol b jelol ases

oMb laz el Cojgale pllin J3le 2 o)ly ,liaS o5 (e 5
9o @S & axgi b S pal ], ol ol Cwed (el Vb g ol £ 2
by @0l st 95w ST lSLo Azl jo 5 ey b by agl; 3
e 1y Capgele aalsl adl Jlade fles Jobae (5,5lid 1 08 o
UK & a5 L sgas Al b ot (sl poe b L alad 3 sbeie
ssbe Loy glails Ly sl S dgd nle ST ppas 14 513 Gl
i Olyise o ] 33 855 e Iy ket Ay 5 L a1 e
L oged 0,9l 1) 09 olnl &S ) 090 3o gl slails jo sl oS
Sl sl a sy o5, sl &5 g5y A8 IS5 Sl Sl 4wz
23,5 o dulms (9) alal, 5.l 55,5

5 Gl Djpar oad gl (Sl glag s awlie az
oy cgile 5l yme S pgale Jloz (sl el 5l g e (Sealind (slag
Lol 0o 1)1 4 Jgoz 10 o8 dlg) g a>,040 s

@l 5 Gl @l wgde by 4 Sz mls a5 jshiles
o 09,0 jlanl a5 shiles aldl i)l SKuSo L o5 Gllad el
Pl |5 el Lo Lasly ) 5l oo awlee polie 51 iy (5,l0de selol
Seslial ppolie 5l ], 59,0 e il &5 > aalsl gl 5 gjlalel,
Dl 555 00 dlre

,90=iS mShas an (aly Jsile (&5 eSS eige SN 5o
5 )gliiS al dges azgi oad axd 5 L5 15 slemgele (b Josle LS 3590
59 el Zhhzeial LB Jg5ke g93L slacsl jo 0als sloul (69,5 S los

leuypele 5o gl g b gad 250 ola Jojle slo el 3 Jgur
Table 3 Module parameters when contact pipe in different
missions

Pmax | 0 Cos9abe
3 130 92.8 i 3| o
6 130 91.6 o 5l jee
0 130 96 a>,045 s b
0 130 96 $oges dg) b

1 o)losis 16 095 1395 ORIV D (30 Sl Swiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.23.6
https://mme.modares.ac.ir/article-15-7768-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.1.23.6 ]

gl bobi )3 Hw)Hb I H=io L) DI Sl Hiul 8l sl a3 b Uil S Ab

Gl e (F45)e 9 S LS yule
g e
g &S L Jgsle o3k wgly; @
& -10
[1] N.S. Roslin, A. Anuar, M. F. A. Jalal, K. S. M. Sahari, A review:

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Hybrid locomotion of in-pipe inspection robot, Procedia
Engineering, Vol. 41, No.1, pp. 1456-1462, 2012.

K. Y. Sik, L. Bae, W. In. Cheol, K. W. Kuk, Y. B. Ju, A flat
pipeline inspection robot with two wheel chains, Proceeding of
IEEE International Conference on Robotics and Automation,
Shanghai, Chaina, May 9-13, 2011.

K. Y. Sik, Y. B. Ju, Design and motion planning of a two-module
collaborative indoor pipeline inspection robot, IEEE Transactions
on Robotics, Vol. 28, No. 3, pp. 681-696, 2012.

K. J. Hoon, G. Sharma, S. S. lyengar, Famper. A fully
autonomous mobile robot for pipeline exploration, Proceeding of
IEEE International Conference on Industrial Technology, Vina
del Mar, Chile, March 14-17, 2010.

P. Jungwan, H. Dongjun, C. W. Hee, K. T. Hyun, Y. H. Seok,
Normal-force control for an in-pipe robot according to the
inclination of pipelines, IEEE Transactions on Industrial
Electronics, Vol. 58, No. 12, pp. 5304-5310, 2011.

M. M. Moghaddam, M. Arbabtafti, A. Hadi, In-pipe inspection
crawler adaptable to the pipe interior diameter, International
Journal of Robotics and Automation, Vol. 26, No. 2, pp. 135-145,
2011.

E. Dertien, S. Stramigioli, K. Pulles, Development of an
inspection robot for small diameter gas distribution mains,
Proceeding of IEEE International Conference on Robotics and
Automation, Shanghai, Chaina, May 9-13, 2011.

K. Sato, T. Ohki, L. H.Ok, Development of in-pipe robot capable
of coping with various diameters, Proceeding of International
Conference on Control, Automation and Systems, Gyeonggi-do,
South Korea, October 26-29, 2011.

Y. Zhang, M. Zhang, H. Sun, Q. Jia, Design and motion analysis
of a flexible squirm pipe robot, Proceeding of International
Conference on Intelligent System Design and Engineering
Application, Changsha, China, October 13-14, 2010.

A. Kakogawa, M. Shugen, Mobility of an in-pipe robot with
screw drive mechanism inside curved pipes, Proceeding of IEEE
International Conference on Robotics and Biomimetics, Tianjin,
China, December 14-18, 2010.

M. R. A. M. Zin, K. S. M. Sahari, J. M. Saad, A. Anuar, A. T.
Zulkarnain, Development of a low cost small sized in-pipe robot,
Procedia Engineering, Vol. 41, No. 1, pp. 1469-1475, 2012.

Y. J. Yum, H. Hwang, M. Kelemen, V. Maxim, P. Frankovsky,
In-pipe micromachine locomotion via the inertial stepping
principle, Journal of Mechanical Science and Technology, Vol.
28, No. 8, pp. 3237-3247, 2014.

D. Lee, J. Park, D. Hyun, G. Yook, H. s. Yang, Novel
mechanisms and simple locomotion strategies for an in-pipe robot
that can inspect various pipe types, Mechanism and Machine
Theory, Vol. 56, No. 1, pp. 52-68, 2012.

G. Granosik, Hypermobile robots — the survey, Journal of
Intelligent & Robotic Systems, Vol. 75, No. 1, pp. 147-169, 2014.
B. Seo, H. Kim, M. Kim, K. Jeong, T. Seo, Flipbot: a new field
robotic platform for fast stair climbing, International Journal of
Precision Engineering and Manufacturing, Vol. 14, No. 11, pp.
1909-1914, 2013.

1 o)losis 16 0951395 ORIV ()30 Slo (Swiise

3 10 Nm jlad b (nS0,8 jpise 090 Sl atedign ol |,
oo (Byme Jsile Lawgi DO K ()35 b s pib by calises slacy sele
Sled oo Jos (3990

oS abboe (SWie (g5 (g dlie (pl o Dby (55, (i SHlane
Sl3e 5 6ol 5o a5 Ll jlogd o axlye lapT b Joe 50 (o3l &b,
oz il (5l (ouyil Sl (55l dgzse (S, sl i
35,5 o gyl Sl 5 ceasd ilidl el & oy, [sle ooges
5108 o ol Ol o gele 45 (68150 48 i o0 Lo 50 8,5 eg
Lol a8, cubls .2 o alie ol o oad &l il p5ilse
Ailiee e i 0 Al p sl sl st (Byme (Sl Joile

shecdlsy yo ) aslle Codbge (giluand Lams )5 Joile o Sloe
Ol b @l ol (kg mli b o95 cdillas jluaned mls (S0
Sy o)l sl a4 Slld SeS Jes 0 Jsile (65, 4 de e
los oo Sldas Ollos 3890 ploxl (o

S g pod -8

I35 bl ygled 03lSe BslS oty il 5,5 ) lie Sty
L OMols glaasil cwyib Sldas plxl 51 gy Sledbl yols
Syl ]y Sad JlS 095 Sl sl pia

lals 9,8 F
SElasl g9, f

ooy M5 g
Tase 51 sle (ol cdls Jsbo alols 1
Jdosle g5t Jsb |
Josle shol cills 3 0 5l gl ails alols
by ez

che sk @9 s N1
o> kB o9 S9 N2
Joile s>z 6930 355 N3
oby skz e
Jojle sk o552 ez gl 7y,
Josle o3l psbeas T
Jol o5 o Wb ple Jssle s93k jsbes T
p3d S90 o Jbd plia Jo3le 595k jglnS T2
ol t
Tase 51 Jgsle kol cdls o0 ala 0

344


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.23.6
https://mme.modares.ac.ir/article-15-7768-en.html
http://www.tcpdf.org

