202444 J &k MLk 2= i 5555 % 4 4

doi:10.6041/j. issn. 1000-1298.2024. 04. 042

ZEfERm AR TEZE=ZFB AR MIIT

hEF FwA TXH F F O OHEH T F

(LN REBACHUG A B8 G, RN 2131645 2. AR AR AT HE R 5t A AL AL B 5T BT, Rt 210014)

FE : MRREET I ALRRAE (POC) J7 B B I R MILAA #1 FMBSETT 5 12 132 20 R T TR B, 42 4 — A 328 2 Ak 1 P £ 5
B[] B =S RS T IR IRHUA s DL — 28 4 A B IE 1 7 BT S A AR o a3 S v H R A B OR D AR A A = %*Z
(37T) FFBRAUAY 5 XT3 FEHUR 247 30 D7 120, 45 20 A ) 89 05 L FRAESE (POC) | A i B (DOF) KB4 JE («) (18 B fift
R 2 B B MR s X b — A WL R AT 32 2 Bl = PR RE A o MRS T R AR AR B Bl 2 AR U SR
FF5 AL B IE A, AR TR 0 ol 5 2 4 e o 7 B 0 A X, o A LA B 7 S 6 T R A S ) 5 AR A 2k
TR T4 Y M D SRR AT B A G A BT, SR A LS BB B T

KGR JFBHL s B R TAEAS ) 3RS

FRESZES: THII2 XHkFRIRAD: A XEHS : 1000-1298 (2024 )04-0421-10 OSID:

Topological Design and Analysis for Parallel Mechanisms with
Motion Decoupling and Larger Workspace
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Abstract; According to the topological design method of parallel mechanism based on position and
orientation characteristics ( POC) equation and the principle of motion decoupling, a three-translation
parallel mechanism( PM) with single loop and full motion decoupling was proposed and analyzed. On the
basis of this single-loop PM, a third branch chain was added, and then a class of four three-translation
(3T) parallel mechanisms with symbolic forward position solutions and partial motion decoupling as well
as large working space was designed. Their topological characteristics were analyzed, and the main
topological characteristics such as POC, degree of freedom ( DOF), coupling degree (k) and motion
decoupling property were obtained. The kinematics and dynamics performance of one of the PMs were
analyzed, including the symbolic forward and inverse position solutions according to the principle of
kinematic modeling based on topological characteristics. The velocity and acceleration curves were also
obtained. Based on the derived Jacobian matrix, the conditions of mechanism singularity were analyzed.
According to the deduced inverse position solution formula, the workspace of the PM was analyzed.
According to the virtual work principle based on sequence single-open-chains, the dynamic modeling and
analysis were carried out to solve the driving force of the PM. The correctness of the dynamic equation
was verified by Matlab numerical calculation and ADAMS simulation. The three-translation PMs can be
used in industrial space grasping, machining, three-dimensional error compensation and so on.
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Fig. 1  Schematic of a single-loop three-translation PM
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Tab.1 Moment of inertia parameters of each link

kg* mm’

FrF I, 1, L,

B, C, 313 099. 61 499 432. 94 354 762.39
B,C, 490 737. 56 254 389.83 308 234. 63
B;C, 158 362. 42 503 086. 49 360 635. 38
C\D, 587 493. 49 619 956. 23 185 990. 57
C,D, 697 660. 56 531 088.95 232230.03
CyD, 294 211.32 609 291. 81 326 809. 24
Dy E, 573 901. 09 841 323.79 272 191. 28
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