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Design of a Mobile Robot System for Integrity Evaluation of Large
Sized Industrial Facilities
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Abstract :

A mobile robot system utilizing NDT (Non-Destructive Testing) method is designed and fabricated for automatic

integrity evaluation of large sized industrial reservoirs and pipelines. The developed mobile robot can crawl over the outer
surface of the industrial facilities even though the shape of the structures is various and unsymmetric. The robot detects defects

such as pinholes,

cracks and thickness reduction at the wall of the facilities using EMAT (Electro-Magnetic Acoustic

Transducer). Image processing technology for weld line detection at the surface of the target and host programs including
defect detecting algorithms are also developed. Automation of defect detection for these kinds of large facilities using mobile
robots is helpful to prevent significant troubles of the structures without danger of human beings under harmful environment.
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(a) Ball type reservoirs and pipelines in industrial fields

(b) Thickness reduction of pipe wall due to corrosion and erosion
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Fig. 1. Examples of the targets and their main defects.
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Fig. 3. Defect detecting on a large sized pipeline using EMAT.
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Fig. 4. Traveling method of the large size pipeline inspection
mobile robot.
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Fig. 7. Body angle adjustment when the crawler moves to the
longitudinal direction on a pipe.
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EMAT.

. 11, No. 7, July 2005 597

Ah= R(1 —cos ¢), Q)

A7 g=sin “Ww2R. w £ T A Aelel Ael,
RS vl wgold. makA, shulde} Sula) Alele) &
o Ffolo] o3 olFER BAlE 1Y bl HE wish
2o) Thee) Zend slgolark

¢=sin ~1(dh/)- @

AA7|A, & gutF el FulE 4 Atole] Aotk

TI% 6(b)9} Zo] olFEE EAZE 71&AAE AN
B 270ds7] 9al olFEE EAd HAld EMATE
AAHNE BEsA BaAshs Aol st o] #AE
dsty] fsie ols2R EARY EMATS 753k=
717l AxE x-Sk 7)vF Basitk £ AvelAe
olFER B B4R 42 2Hde VS ol
o, 1g 7oA Ei= ule} o] olFER RAEES
CHE FHe gutE FAANA o|FEE FAH 7)&
718 ZA3E EMATS E0122n WEe 71%s 3=
EMAT 57|19 ol 52 Y HAlftel Sh o] et

EMATS ZAMN4E9] HEme HelslA F-238t7] 9
g olFEE FARY A% g AMAEY F4H 3
7ol el gefdek gE B0, olFEEe] 1Y 71} ol

solze] Aolstew ¢AY W olEER] 33
EMATo] vjoliie} Bajsles she 4% g thext 2uk

O=sin “1(dh/1,) ©)

o|EER EAR Zwrt ZAHE o 27 ToM 2t
Fo] 4 0 9] O o)EEH oo} strh o] W o]FA
g 002 717EE 2dezRE ogd 2ol 44 T8
Ak

00 =1 cosp—cos8) — (1 — cos §) 4

ot ol FARNFES] o] AT AHFE 7
vpolzut £PY A9 A3 uhel EMATS AAREE] 4
g #2E F de FAT Aok supH e ol AE
A AN 5 Aok EMATS o] &3] Al dEe] B H

[e]

S MY o) o)FEE EAYY 45E ()Y Zo] =3
sloje o2 R thdk EMATS ol fo|Ze] 7o
w2} et ol {EiMe o oA dwshe
EMAT 577|787} "3k
4. EMAT 37|75 AHA .

AR Bdel wel EMATS] $41719F 41719
HEz o] A2 AL wl= EMAT 7357|1752 2709 2
FEE 7HA 7H33 7z A 5 Joi9l a8y, o
F 8ollA ®Ql ubel o] EMATS] F4l7|eh £417]9] A}
ARl t3k HEzho] AR thFo] obd A9 gk wh
2hA, oled 20 tl$dtr] AsiA oleR K] RatEe
EMAT®] $41719} S=4l719] 35717585 242 HAg 24
FEE 7FAok gtk

B Ao 7wty EMAT TE7)7RE 28 994 B



598

< Hie} Zo] FFol 247} shle] EMAT s ¥ 2t
A8 HHE 7Hh EMATY 41719} Al7lelle 23Esh
FTA o] WRES long, EMATE o83t 4h¢id
H1 9] QS AATE W) 41719} 4lv)s Avle] B
&8t F-2¥ct oeba, EMAT 57|75 29S¢
3 AAE HAEES & of ZAANGE TAAY] F
2tz JE A3 FAS WAS, J2 PoRr AlA
& FAHIEECA d 5 AxE MAFojoksitt A"
EMAT 57)74-5 39 1004 B upe} o] 22
FEog & L e £F X-Ho|ES UEd) FHEY
ok 2 102 ¥ AGE A8 2 ulde] kdAd &
FHAE Y3 AR olFERolt;

ojFREe] YRFEoe AANIEY] S¢S ST
£ CCD 7H2i} 2372 755 Yol A=Y dw, 2
ARHEES] B HES g Ayt & o 28
Atk o] FE2E EA|Hol= EMATZ AE3F 2g oAldl #)

JEE BN ZAIRE FAEE 7197F A= ok
12 BAE ol52Ee Awa Alkolth ¥ 112 A
e olF 2R 7)7He] ol

EMAT lifting
motors
AN 7
0'30 © j EMAT angle
" control motors
&
EMAT EMAT
Rear 1] - 1 Rear
wheel wheel
Front wheel

(a) Traveling without scanning

1

EMAT lifting
motors

0‘—‘0 e ) | EMAT angle o [} oo(Bo
= // control motors
AT - EMag
Front wheel
(b) Scanning using EMAT

19 9. AA 9 EMAT 75 7] 74
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Table 1. Specification of the designed mobile robot.

Item Performance and Specification
Size 450(L) x 350(W) x 245(H) mm
Weight About 13kg with EMAT
Speed Max. 12mymin
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Fig. 10.The designed mobile robot for automatic integrity
evaluation of large sized reservoirs and pipelines in
industrial fields.
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Fig. 11. The mechanical part of the developed mobile robot.
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(b) Flaw images for a part of pipeline
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Fig. 17. Examples of specimen and their flaw images.
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