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Analysis of Kinematics and Mechanical Properties of
Wheel-claw Walking Device of Pipeline Robot
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Abstract; A wheel-claw type walking device of the sewer dredging robot is studied to enhance the

traveling ability of the robot in the pipeline,and to improve its load capacity and self-adapting pipe
diameter capability. The kinematics model was established, and the kinematics of the claw
clamping mechanism was studied by ADAMS kinematics simulation. The maximum clamping force

of the claw clamping mechanism was obtained by ADAMS dynamics simulation analysis. The

ANSYS workbench static simulation was used to analyze Mechanical properties such as strength
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and stiffness of the jaw clamping mechanism. The kinematics analysis shows that the working
range of the clamping mechanism is changed to 421. 1 ~500 mm. The range of the speed of the
claws is 0 ~23. 35 mm/s. The range of acceleration is O ~36. 76. Through the dynamic analysis,
the maximum clamping of the mechanism is obtained. The force is 1 000 N. Through the finite
element analysis, the total deformation range of the mechanism is 0 ~ 0.001 25 m and the
equivalent strain range is 1. 142 3 x 10 ™* ~ 0. 001 45. The equivalent stress range is 2010. 1 ~
2.95 x 10 ~* Pa. The working range of the claw clamping mechanism meets the requirements; the
speed and acceleration curves of the mechanism are smooth, stable and non-chattering; the
maximum clamping force of the mechanism can ensure the need of propulsion;and the mechanism

meets the requirements of structural stiffness and strength.

Key words : pipeline robot; walking device ; kinematics ; kinetics ; mechanical properties
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Fig.1 A new walking device for pipeline robot

1.2 TiERIE

AT AR E AR 5 R R 3, A 8l
T AR AT T IR A 2 i £ B R
i 3 222 (4 T AR I S B s AT
PE, RGKIT, Je B BE IR BR 2 AT HE B 47
AERCERATE B, RO, IR Bk 22 A1 3l
FITHUG 1 rica], 58 pl— KAt

PR o) e DRI VST M)

SRR OR IS YilRiFava =iy Rl Dl
NHEET ADAMS iz 82 B4, i) AR5
RN ARG 55 T AR o] 1932 24 A T
VESG R, e TG (4 3l 27 Oy BRI
2.1 FMEZENEhFEAER

T AL 2 Hy v B AT R 22 1 AT AL
FAIZE . 308 3k 2 Rl B HILA 1) 22 3 AT 25 F 1Y
PETFRUSC SR | S AR S iR A e A BE L&
i HITE gl LIk B UL #ATE M H Y.
SHERALAN R 2 FT . MR A E Sl AT R A
JRIIZ B0C R | AT I B (19128 By 2= AL

1Bk 2. SETEAT ;3. J5 B Ui ;4. KT S, T2 b,
B2 RIRICEN =Rl E
Fig.2 Three-dimensional model of claw clamping

mechanism

1T 22 AT AL A Je 2 X R A i iz
SRASL Y. IR R TR B AL TR A6 3
FAHFST R SCEE (DL 3) . B b )
AT R IR B 5 h o F S HEAT BOAT R 5 1 AR
BRI 3 s NRGERT A i i AR [ 058 5 v
ST A s D 0 T AR, s
AT x Bz s, AU AT 3h 4R A
iy iz sl BEAHUE 52 KT A iz 3.
M T 3 A2k iE s SE A ) SO X
Horp— A SN B Bl A AR,

y
1420022072207
A:
C
v
2 K ——
2 h
B
° T
19
_77777577777_ *
b

B3 Rk B h— 4 S BE Y 2 3 T
Fig.3 Motion diagram of a branch in the

clamping mechanism

LR A i O &R ol — s s
BT R IA

F(U,V,L). (1)
KL =1, 0,1, 1" AP L&
KBEBEGV =[v,,v,, v, 1T AR X
WIANZBE U =[u, ,uy, - u, " AR
S is g F = [ f L fy, -, f, 1" 8 on DAL
BB TR



42 4

Bk 45 AT TENLA B - TG T3 Bz sl AU 2 e o i 347

X1 JELER B PIUR, RIVAT SR AT
H2 Sl ) A R — A P R ik

U:(gg)_lzf/ Vv, (2)
o~ () 1300 o+ 3) v
%(%j v] (3)
AR e 4 e AL AT A2 T A
f=(b-h)*+5 - =0. (4)

HAP YU MR B L =[1,b],V =
[h],U=[s],F=[f].

DR Bl (R SIERT ) 288 bG8 v A
PR a S E I, BT LATT DORTE A miAE 2
P RS U I DL A AT A o

H1 T CAE S (] BRI, 29 254

0<a<90°,
R <h <h,,.,

(5)

smin <s <smax =75

2
P by e N B HERT B R A/ MTHE
Smax ~Sin N A R K E/IMEFE o K EFT
5.
Wt (2) K (3) X F = [fKR, 7T
VIGRAS A ST v AU EE a.

b-h
s

1%

S =

h. (6)

a s:—%[s2+h2+(h—a)h]. (7)

I ARAS RN TAESE B R [ 25, D] 5 K
K TAEERA [ 25,,,D].
2.2 FMEENMEIHEHES T

EH K ADAMS HRAF G175 B A1
EL AT SHHEAT LA AT 9K 20 TSR TF. 3l 3 1
FLR AR AR TR I 3 A b A8 TR S fi Sk 1 057
B AR I h <. B Jn x5 2 s s i
RAEATHIHT A5 H R T Je EHLA 2 stk
HAREBRIR.

(1) A ADAMS fi4 JLfaf 55

B L AR LS A ADAMS , Z8 A K&

PESEL AE SO T A S A B AN 5
JEoN 7.8 x 107° kg/mm’, 3 P # &# N
2.0 x10° N/mm JH#A L4 0. 29.

(2) Jtihniz sh 2y

WE 2 PR, sz shsl 2501 . OK
R 4 5HEEF 2 ZREE R shR) @k
HEAT 2 ST E N 5 Z BB N3
KIEFT 4 5 )5 2 o 3 2 )i A% shal
W N 5 5 e b 3 2Z 0] % sl El
O[5 Uiy 5 5 A Hb 22 [8] Ay [ 72 .

(3) i naK 5

7£ ADAMS A5 K1 o 3K ) 2 5 #5 1 ol 4
¥, B 3l ok KR STEP pR %%, UK 36 ok %4
STEP( time,0,0,1, —10) + STEP (time, 4,
-10,5,0)

(4) FEATH5 B AT

VERR O LA, i B A FLATE] 5 s, B
HHL200, AT RS B2 TF IR L.

(5) i B4

PS5 A RS B e 3 R OTCEE fi Sk A ()
ks N R £k, e 4 K s E 6
FiR.

2 Ha‘IEJ/s3
B4 RTEE KA RS 2k
Fig.4 Displacement curve of claw contact head

(6) BRI H

HiT&l 4 RLRS R TR 2k 7E 0 ~ 1 s,
PBAE WAL TR BIRES 1 ~4 s TFiRis
B Wy SRS A6 9. 25 ~48.7 mm,4 ~5 s
R AAL U iz Bl TR AT 284 i
25 48.7004 - 9. 2485 =39. 4519 mm.



348 WHERKESMARBFR)

%36 %

B/ (mm - s™)
— — (%] N
(=] W (=] W
T T

wn
T

0 I 2 3 4 5
B [B]/s
5 R THz Sk 2 BE it £k

Fig.5 Velocity curve of claw contact head
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