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Satus and development of in-pipe micro robots
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Abstract : The in-pipe micro robot is an important research area in the field of micro-robot. It congsts of
two agects. oneisto walk in the hard pipe, which iswiddly used in many fieldsof the chemica engineer-
ing, nuclear power plant and refrigeration. Theother isto wak in theflexible pipe, which isappliedin the
field of medical treatment , etc. The paper summarizes the research areas and direction of microrobotics, in-
troduces the status in domestic and overseasfields of the in-pipe micro robot.

Key words: micro robots; in-pipe; endoscopes

1 (1) (31 (2)
1 (41 (3) [25]
M m/ nm 3 (1)
, (Miniature Robot) 10 100 mm
(Micro- Robotics) ,
[1-2]

:2003-03-12; :2003-06-20.
: (No. 50175019) ; (HIT. 2000. 60)



327

(Micro-robot)

(3)

100 nm 10M m

(NSF)

MEMS

[6]

2.1
1994

MEMS

MEMS

(DARPA)

1991

250

(FAM) 4
@25 mm,

(2)

10 100M m

(Nano-robot)

,MEMS

Iwao Hayashi
(71

85 mm,

2.2mm/s

1995

®8 mm
, 20 mm,
0.21 N
, 10 mm/ s

®5.5 mm

4 KHz

Den

T. Idogaki
[8]

1.54¢g,
100 V

1
FHg. 1

Irn-pipe micro-robot driven by PZT

I#!ﬂ{ =3 %F;ﬁllﬁiﬂ ﬂ/ﬁﬁﬁ‘ ik

HI 1=

Fig.2

Kawahara

) 1 = PUEER =

WAWE —

G)

Principle of inertia drive motion

1997

,Dend N.

17 mm,



328 11
®8 mm, 1.6¢ 5v 20V, 2000 ,Den Toshiba  Sanyo
1 KHz , ) CCD ) 5 )
1/ 80, 2.5 CCD ,
1999 Deno ®8.9mm, 25 mm 10 mm
(0] ¢® 15 mm 10 mm/ s 200 m,
(10 ,
[11]
14 GHz
1 4 W 1
200 mw ,
52 % 50 mw
O H Ha B S 54 4% 5
- Fig.5 Autonomous inpipe micro-robot
1993 METTEC H. Okamoto
1994 METTEC
T. Matsuoka
s 6
Fg.3 Inpipe mini-loconotive mechanism driven by binorph
I y X- Y
e (RF) ,
1 7 i)
22 GHz 24 GHz , 49
' mm, 3540,
®9.5mm, 60 mm, @10 mm ©36 mm
4 Y , 200
ks mm/ s, 60 of
P L B SRS
ERRHRE

60 mmx¢ 9.5 mm

4

Fig.4 Inpipe micro robot with wireless energy supplied

kv Pl BE 0 or

6
Fig.6 Driving method of pirrtype actuator



4 , 329
CCD
6mnvs, 1IN
®5 mm, 8 mm )
0.17 mNm, 48 000 rpm
, 1
620:1, ¢5 mm, 7 mm
7
Fg.7 Mechanism of in-pipe mobile machine
1995 METTEC T. Matsuoka
[12]
35 mm, 284,
40 8 Fg.9 Inpipeingection robot of Toshiba
1994 Iwao Hayashi
, 20 m 2 9
@20 mm (13]
8 ' Ikuta 1988 Ikuta
' ' MEDI-
’ ’ WORM , ,
, [15] '
O 100 mnv's, 1995 A. Brett
9.5N, 60" 260 mVs  gakin MEDIWORM
1997 ,lwao Hayashi ) [16]
@20 mm 20m ,
(6(6D)
1999 NEC Kantool
Gken , ) 2000
) (¢ 100
mm @75 mm
£ 50 4 4 i [17]
O/O}-/ - i 1996 . P. Dario
0© \ @ m;‘; : A4k Leuven J. Peirs
OO o2 \2 Va 4 i 80 5% . T8 A 1)
8 ) il
Fig.8 Principlesof screw motion J
1999 Toshiba Koichi Suzu-
mori ®25.4 mm 1998 J. Peirs
(4] 9 . ®23 mm, (el
110 mm, 16 g,




330 11
10 1999
95 mm, ®15 mm,
10 mm,
10 mm, 1
15 50 mm, Fig.11 Wirdess cgosule endosoope
B Jp—
AR = it 2.3
\ e
s
f L L
d - AS g '
/ L
fel T LA HE R B 863
10
Fig.10 Sdf-propeling robotic endoscope 863
1 [22]
1999 Sanjiv Kur '
mar (MRC) '
[20]
’ @7%x60 mm, 59
, CCD
Gven Imaging
[21]
) ) ® 15 x30 mm,
, 11 , 4 8 mm/s ,
®11 mm, 30 mm, '
CCD
, 20 mm [22]
[23]



4 ;o 331

3.2
[24] ' (1)
, ( ,
@15 20 mm , ) )
CCD , , ) (2
MEMS (3)
[25] CcCcD
, (4 (
28] ) (5
3 3.3
3.1 ,
(1)
; (G 4
)5 (2)
( ,
) ;(3)
[1] , , . MEMS MEMS [J]. ,2002 ,2:
2-4.

SUNL N, ZHOU Z Y, GONGZB. Present gatusof MEMS and China stratagem on MEM S[J]. Robot Technique and
Application, 2002, 2:2-4. (in Chines)

[2] FATIKOW S, REMBOLD U. Microsystem technology and microrobotics] A]. Springer-Verlag Berlin Heidelberg [C].
1997. 303-361.

[3] KLOCKE V. Trendsin nanomanipulation: from nanometer to micro production line[A]. 8" International Conference on
New Actuator [C]. Bremen, Germany, 2002. 100-105.

[4] EEMUSTAFA A A,LAGALLY M G. Hexura hinge guided motion nanopostioner stage for precison machining: finite
dement smulations[J]. Precision Engineering, 2001, 21:77-81.

[5] HOLLISR. Whither microrobots[ A]. |EEE Seventh International Sympocsium on Micro Machine and Human Science
[C]. 1996.912.

[6] ISHIKAWA Y, KITAHARA T. Present and future of micromechatronics[A]. | EEE International Symposium on Micro
Mechatronics and Human Science [ C] ,1997. 13-20.

[7] HAYASHI I, IWATSUKI N. Micro moving robotics[A]. | EEE International Symposium on Micro Mechatronics and
Human Science [ C]. 1998. 41-50.

[8] IDOGAKI T, KANAYAMA H, OHYA N. Characterigticsof piezodectric locomotive mechanism for on in-pipe micro in-
gpection machine[A]. 1EEE Sixth International Sympcsium on Micro Machine and Human Science [ C]. 1995. 193-197.

[9] KAWAKITA S, ISOCGAI T, OHYA N, e al. Multi-layered piezodectric bimorph actuator[A]. I|EEE International
Symposium on Micro Mechatronics and Human Science [C]. 1997.73-77.



332 11

[10]

SHIBATO T, SASAYA T, KAWAHARA N. Micro wave energy supply system for in-pipe micromachine[A]. |EEE

I nternational Symposium on Micro Mechatronics and Human Science [ C]. 1998. 237-242.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

TSURUTA K, SASAGA T, SHIBATO T, et al. Contral circuit in an irrpipe wiredess micro ingection robot[A]. |EEE
International Symposium on Micro Mechatronics and Human Science [ C]. 2000. 59-64.
MATSUOKA T, ASANO M, MITSUISHI S, et al. Improvement of micro machine with piezodectric driving force ac-
tuator[A]. 1EEE Sixth International Sympaosium on Micro Machine and Human Science [ C]. Nagoya, Jgpan. 1995.
211-217.
HAYASHI |, IWATSUKI N, IWASHINA S. The Running characterigtics of a screw-principle microrobot in a small
bent pipe[ A]. 1EEE Sixth International Sympasium on Micro Machine and Human Science [ C]. Nagoya, Jgpan.
1995:225-228.
SUZUMORI K, MIYAGAWA T, KIMURA M, et al. Micro ingection robot for 1-in pipes|A]. 1EEE/ ASME
Transactions on Mechatronics [C]. 1999 ,4(3) :286-292.
IKUTA K, TSUKAMOTO M, HIROSE S. Shape memory dloy servo actuator sysem with dectric red stance feedback
and gpplication for active endosoope[ A]. | EEE International Conference on Robotics and Automation [ C]. Philadephia,
USA. 1997.427-430.
HOEGHD, S ATKIN AB,BURDICKJ. Biomechanicad modding of the small intestine as required for the desgn and
operation of a robotic endoscope[A]. | EEE International Conference on Robotics and Automation [C]. San Franciso,
USA. 2000 ,4:1599-1606.
DARIO P, CARROZZA M C,LENCIONIL , MAGNANIB, et al . A micro robotic system for colonoscopy[A]. |1 EEE
International Conference on Robotics and Automation [ C]. Albuquerque, New Mexico. 1997 ,4:1567-1572.
PEIRSJ, REYNAERTSD, VAN BRUSSH. H. Desgn of miniature parald manipulatorsfor integration in a sdf-pro-
peling endoscope[J]. Sensors and Actuators , 2000 ,B85:409-417.
KUMAR S, KASSIM | M, ASARI V. Desgn of a vison-guided microrobotic colonosopy sysem[J]. Advanced
Robotics , 2000 ,14(2) :87-104.
IDDAN G, MERON G, A UKHOVSKY A, et al. Wirdess capsule endoscopy[J]. Nature,2000,25(5) :405-417.
, , .. [J31. , 1998, 6(4) :70-74.
CHEN Y, YAN GZ, RONG R, et al. Study of dectromagnetic driving micro robot control sysem[J]. Optics and
Precision Engineering, 1998 ,6(4) :70-74. (in Chinese)
) , yoo [J]. . 2001 ,3:85-87.

LUO Y, GONGZB, SUNL Z, e al. . The modd andyds of PZT bimorph actuator for micro robot [J]. High
Technology Letters. 2001 ,3:85-87. (in Chinese)

; , ;o [J]. , 2001 ,2:92-94.
QIANJ W ,ZHANG Y N,SHEN L Y, et al. Robotic sysem for micro pipe ingection[J]. High Technology L etters.
2001 ,2:92-94. (in Chinese)

, . [J1. . 1999, 21(4) :249-255.
CHENGL L, YANG Y M. Sudy on a new kind of micro robot in fine pipe[J]. Robot, 1999 ,21(4) :249-255. (in Chi-
nes)

, , . [J3]. . 2001 ,37(1) :11-13.
ZHOU Y S, LIL X, ZHAO D F.New kind of micro-robot[J]. ChineseJournal of Mechanical Engineering . 2001 ,37
(1) :11-13. (in Chinex)

, , . [J]. . 2000 ,22(5) :416-418.
JIAB X,LIU YH, YANGY. A study of acrawling device in imitated-earthworm robot[J]. Robot, 2000 ,22(5) :416-
418. (in Chinese)

(1964-), , , : ,
, , 863 MEMS



