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[ Abstract |

environmental conditions underground, a jointed tunnel pipeline installation robot was designed. The detailed design of the robotic arm

Given the practical application background of installing underground pipelines in coal mine tunnels and the actual

structure was completed, along with its 3D modeling. The kinematic model of the robot was established, and MATLAB was employed to
verify the forward and inverse kinematics of the robotic arm. Based on the established kinematic model, a trajectory planning algorithm

for the Cartesian space of the robotic arm was designed, and MATLAB and ADAMS software were used to verify the robotic arm through

simulation experiments. The simulation demonstrates that the structural design of the robotic arm is reasonable, and the trajectory

planning scheme for the robotic arm is feasible.

Hb IXSEHLAR T T 5 K R B B4 IO T 5 s A AR AN 8 5

[ Keywords| structure design; motion planning; MATLAB; kinematics simulation
FER AR T R RE JR BT R, LT R A T Il A

H 2652 2% 0 A8 7= IR f 22 Pk R v A 3¢
DR AF S5 R 52 5, KB 43 5 5 TP R R LR IR 2R 1
F XX FEO T EEESE TERE K, &
AT I Y A S K B R 3 40 000 km 1T B TE 4E 51
FKEE B M 20 000 km, FR, H FERER 45 18 4 1
GRH PR —Fhp A S E I 5 8R 2

N TR A 8 i . BB R  A  E fER 4
b TR R A SRR TN B [ E A

(8 s T AT R it T R e A T Y TR
XA, 24 TAET AN TR G 5%, I

s B . 2024-03-22; &iT B 8. 2024-12-17
E£mA. BRESV LI (2022YFB4703600)

ATy R AT R S A A

UTAE S AH G2 35 X B HLE N F AL T
TR, w7 RO T i 2
DR NI G NS VI W T I A S VA3
B A F ol R AR AR R, U N TS LAY
BRI e B8 22k, SRR B X IR A T 2 2
L ANAUAE 35 18 T ik T A B B i ST I€ AT i) &L
AR ARAF s Sz ML B & Dy EORE AL 3 o {5 B0 A F
A [ S VR T 7 AR TR AT B B IR, 2 TR
iy 1] e A7 b, ROt O 6 TR 2 2R SR T AT T

E—1EE . FEWIM(2000—) , 55, BUIK , & AR 8L TS AE . BFFE T Il HLES N2 R RE AL AR A4 M, E-mail :1499715981@ qq. com,

TBEEE . FHA(1969—) &, DK,
E-mail ; lyjsyit@ 126. com,

ST e A NG LA o & R 1 o 1 e S 1D 1 v

AR SRR HOR R REHLAS PR

5 Fa M 1k . www. stae. com. cn



2025,25(8)

P WL, & - B A 1l 22 R HLAR NSRBI S o by 3289

PUARE B T8 T B T A By BEIEAS JH BRIGAT B4, E AT
BB AR, EAT 5T 9 BL AR A AR Ml = 1)
FAXTEL /N | A 32 RE 1 AR X g 2

STl TR IR AR 1 S PR R B A5 A S OF
NI X — S B S N AR I I 2 AL
i AU ) 45 1 -5 9008 A0 3 O e ik 5, 0T 5 2R
B BB E LRGSR A ETH A EZREIE
Dae R AR SR

1 WL AN gt

FIT B9 1 A% T A IE AL A= T AR R
518 PR BT A B RE A TE A TR B IE A S B R
S5m, BHEZRIGATEXHENBEERE T, B
SR B T AR AL, M BB I8, 38 7 258
M R E R R AT L RE
FRRENN —A TAE SO, XA DE B 58 i I ik 22 %6
ER TAESRE
1.1 BB EEHIET o

ST 5% S T A T AR LA AN B R Ik 1
BTN, TE K5 e U B, H e N5+ B 7% H AT %
Th, Bt F e TR 26 45 XRS5, i & R 300 kg | &
JER 1 mo ARAE X TR P TSR B A
SERESiER e K YN SR N AR S W S o (DI
A R 28, M A5 31 45 38 45 18 2 2 pL e AN
HLAG 12 2y ] (8] IF 57 H A8 0 o B A

BRI S IEAT T, T A A T AL AN
N B, T8 A =X S5 4 5 b T Y 42 ok i RR A
R, X A T b TR 5 IR 0N ek R SRR i
NVES

BEXT LA 8 4 2E 47 40 A, DUARCE 2 B UE Y
RARUGAT A (Je ) 1) =i zs [0]52 3, AT gt
55 APE 19 R B 25 S 25 R R R AR D AR G A A R
ED IR INEOESI IR 3 O - =S R U I R A2
s P, AHLER 38 I S L e S 2 g &
& MOZ WAL R e 7S B i B BRI

x1 BEEEZENH[ARITER
Table 1 Design requirements for tunnel pipeline

installation robots
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Fig. 1  Construction diagram of pipeline installation

robot robotic arm structure
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Fig. 2 Structure diagram of wrist rotation joint
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Fig.3  Wrist structure diagram
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Fig. 4  Structural diagram of the upper and lower arms
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Fig. 5 Structural diagram of base swivel joint
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Fig. 6 Robot model for tunnel pipeline installation
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Fig. 7 Joint coordinate system of robotic arm
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Table 2 D-H parameters of hydraulic robotic arm

T 60./(°) d/mm  a,_/mm a,_/( jtﬁﬁ?#’

BEEEE/(°)

1 0, 800 0 0 -180 ~ 180
2 6, 0 0 -90 0 ~45
3 0, 0 1500 0 0~70

4 0, 120 13 000 0 -112 ~68

5 0, 540 450 90 -90 ~90

6 05 950 0 90 -90 ~90
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Fig. 8 MATLAB calculation results of the workspace of

the robotic arm
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