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Comparative sudy d three regulating mechanisms
for pipdine robot to suit different pipe diameters

XU Xieo-yun, YAN Quo-zheng, DING Qo-gng, YAN Detian

(820 Research Ingtitute, Department d Irformation Detecting Technology and Instrument ,
Shanghai Jiactong University, Shanghai 200030, China)

Abgtract : In order to enable a pipdine rotot to suit pipelines with diameters in the range of 400 650 mm), three
commonly used regulating mechani ams are proposed by analyzing the mechanica properties of each type of regulating
mechani sm and conpari ng the advantages and di sadvantages of these regulating mechanians. A bal screw pair regulat-
ing mechaniam has been chosen to satidy the actuad engneering needs o this subject under invedigation. The cylin-
drica pressure sensor on the bal screw can keep the pressure between the driving whed and the pipe inner wall d-
ways dable D that the pipeine robot has adequate and gable traction force. Bgerimental results sow that this regu-
lating mechani am has a traction force output of 1404 N , and it can be used to slit pipelineswith pipe diametersin the
range of 400 650 nm very well.

Key words: inrpipe robot ; bal screw pair; pipe ingection; regulating mechaniam

1 20030714, 1 2003-11-10.
“ 863 (No. 2002AA442110) ; (No. 2001KABAAQQAGRS)



3 7
1 4m
1 “ " 1 nm
1 H 2 3
) 2. 1
b 1 1 1
AB
60 70 , , ,
0
1. 7 km, )
, , A ,
XOY,L AB B AB
Sigo Hoe N
Hidetaka Ohro!*? 1993 T T
1 (p H) mm ’ ilv
Thes Thes ® 150 mm n, is
Thes Oska
Y. Kaweguchi®®! 1995
) ® 200 mm ,
Em m .~ B .
di mu[7] Z(ID ) \ v T /—‘\ ‘Tmol\lf
® 200 mm R

[89]

) Hg. 1 Wormgear regdaing node
’ ! xXoy |, B Y

, iy = LdnPB
: 0y =Loos[Ddg

500 m



62

6B turbire (1)
eturbir‘e
i . Owa _
L .eturbine
i1, .
%o , = io . . @
: Tol®o_ +3N =0
D @
Trod = =3 oosP
Nia
Ti - 3NL
TITD'(OI' - Imd Trmtor r]l H CDSB ) (3)
112
(©)
,L =215. 3mm, F
125 kg , M
F
0.5 3N =
V]
_ 1> _ _
05" 220 kg=2450N [3
, ® 400 mm
,[3 =24, 71°; ¢ 650
mm B =897,
n =05
’ y i1i2:30,
(p4mmn ] Tnntor:3].945. 7N'I’TTT1,
(PG{K)ITm ) Tmtorzl%. 8N'ITYT1
, 32N-m,
2. 2
2 L
CcD C )
, E
AB A )
XQy, L, AG-=
CG=G =@B=BE=DE=LJ AB
N
 F C

Fg. 2 Hevaor reguaing mode

&, = 3LoosPdp , (4)
C XOoY X X
2L osB

L Xe =

8, =- 2LsinPdp, (5)
B, +3N =0
(4) (5

e 9N

= 2tanP 6)
(6)
) 110 mm,
60 mm,

® 400 650 mMm , @]
E 90 215 mm B
,3LsnPB,
® 650 mm
L >71 7mm;
L =75mm, B
23.58 [,=72.85, F 125kg
: Ho 0
E
¥

@ 400 mm
a0, L >30 mm;
,3LdnB, =215,

5, 3N =
250 kg=2 450 N



1 , 63
@ 400 Mm F =8419.8
N, @ 6560 nm F=1134.1 Y N
f it
N ! AT B
D
’ ! 7 ~ < -HEH
o > N
, Tmotor %4 A ﬂ N
; SN O ~ X ¢ X
v " crem
®40mm , s | " == e gy 1|l Sl
9 8N . IS VLY g v i o a0 [} Y S .
' ' ’ sk b =
XoyY o) E et M®
90 215 mm ,
3
Fg. 3 Screw pair regulating node
2. 3 ’
3 ’
, 4
, AB A ’
’ A, D AB XOY, L1 AB Lo
D ’ c ’ CD L3 D A
a cD B
AB N
, AB A . F
] Trod
’ Trmtor
Fy,
— =it |- mbimsin 1o | iem&mﬁ}_<r_>
F
#®rFEEREEREN -
EETY: L
4
Hg. 4 Oontrol dructurd block dagram of pressure
xXoy L
, 8, =- "(tand +tanB), (7)
VB = L13I’l[3 c L1 B
LoSnd = LasinP DB, +3M =0
Xc = L,00s0 + La00sP (7
3L,
F = N (8)
Lz(tand + tan '
6y — lesm[} 3( B)
B
P, @
Lo00s®q = Lic0sPdg
6Xc = - ngnaéq - Lgs'nB5[3 P
: S:m(p



64

Iés + Tleads:re@(ﬂ =0, (9

—Pn

(8 (9) Tiead sorem = am F

_ 3L Py N
T2ML; (tana +tanP)

Tiead screm = ZTr]Lg(tzrl;sz:- tanp) N, (10
(10
, AB L, =215. 3
mm, D A Lz =155
mm,a B
) ® 400 mm ,a
=23.89 B = 24.71°; ® 650 nm
0 =75.3¥ B =86.97 ,
F 125kg ,
M 0. 5,
3N :”£ :élzg:ZSOkg:2450N,
Pn =5nmm,
n =0.9
¢ 40mMmm
Tiead sren =3 156. 6 N-mm= 3. 16 N-m,
¢ 60mm Tiead screm
=125. 5N-mm= 0. 13N-m
@ 400 650 nm ,
3. 16 N-mm,
¢ 400 650 mm
) 400 mm ,
Ts3684N3E8, 5N
-mm, 3. 16 N-mm 5

, @ 400 650 Mm

IR S i

f Hi R
CCDAE© %

A £ $E il 1L )

LHL R AN 88 . I 3L 9
M2 FEET R S AR b Fhpiei s 2 o
i :
5
FHg. 5 Hcture o pipe ingection rokot
3
( [2988] 209 )
, @ 500 nm 10
mm )
02
50 %
, 3
6



4

3 1

6 : ¢ 400

Fg. 6 Bxpeiment o pipe ingection root’ s traction force 650 mm
1 1
Tab. 1 Bxqerimentd resut o traction force ,
1 2 3 4 5 1404 N
1420 1390 1450 1350 1410 ® 400

(1]
(2]
(3]
[4]
(5]
(6]
(7]
(8]

(9]

( : N) 650 mm

HIROSE S, OHNO H. Deveopment of 25 mnrdameter gaspipe ingection nohile mechanism [C]. Proc o 15" Annual
Corference d Robotics Society o Japan, 1997 257-258.

HIROSE S, OHNO H, MITUI T, & al. Dedgn o inpipe ingection vehidesfor, ® 25 , @ 50, @ 150 pipes [J]. IEEE
International Corference on Robatics and Automation, 1999, 5: 2309-2314.

KAWAGJCHI Y, YOSHIDA |, KURUMATANI H, e al. Internd pipe ingection rolot [J]. |EEE International Corference on
Robotics and Automation, 1995, 1: 857-862.

KAWAGJCHI Y, YOSHIDA |, KURMATANI H, & al. Devdopment of an in-pipe ingection robot for iron pipes [J]. Journal o
Robotics Society of Japan, 1996, 14 (1) : 137143

TSUBOUCHI T, TAKAKI S, KAWAGJCHI Y, & a. A draight pipe observation from the indde by lasr got array and a TV camr
era. Proceedings o the 2000 IEEE RS [C]. International Corference on Intelligent Robots and Systems, 2000, 1: 82-87.
KAWAGJCHI Y, YOSHIDA |, MAO K, et al. Senors and crabbing for an in-pipe maegneticwheded robot [C]. |EEE ASME
International Conference on Advanced Intelligent Mechatronics ' 97. 1997.

ZHU Ch, SARATA SH. Inrpipe nohile manipuator for ingection and sanpling tasks [M]. Hsevier Sience Ltd. 2000.

, , . [J]. , 1995, 17 (2) : 121-122.
DENGZH Q, WANGJ,LIU FL, e a. Sudy on a new type d nohile robot mechaniam noving in pipe [J]. Robot, 1995, 17
(2) : 121-122. (in Chinex)

, , , [J]. , 1998, 20
(5) : 352355.
ZHANG Y SH,DENGZH Q, BID X, e al. A nohile carrier with two notors driving muti-full traction whed s quitable to ¢ across
concave barrier indde pipeline [J]. Robat, 1998, 20 (5) : 352355. (in Chines)

ao74-). , , ,
(1%61-), | , ,

(1%6-), | , ,



