%39 A% 10 9 # m I 7 Vol. 39 No. 10
2022 %10 A Journal of Mechanical & Electrical Engineering Oct. 2022

DOI:10.3969/j. issn. 1001 —4551.2022.10.014

ETHERERH RSN ABKRIAZ N1 FE2E

ERE' K
(L AL BN B ZBE A SR, #TiT it 310053
2. WHTH TR MU A sl il 52 e, #iT7T At 310018)

HE N TSI PN T ATCA IR Sh1E BLIK 8h J1 R fASME— T BES [ PN 7 KT8 [RI R, X5 TUAY SR 3l I+ TR ATLAA 1) 31 77 2 A5 FN 3K
S RARHETT TGE . 15, LA 3RRR JURIRSIFEBAAE 5], 5 F P K a8 T WA IR (R R & 2R )5, 0 e IR AR i —
Wb i RE 2 R, DL R —hiAs B H 158 o SE AR 2 0 [, L T IR BS , $R B T LA A AR B ST R kS LA
M3l 2R S T R 8l )22 0 R B R SR J0 55 K dias: , D/ M E R IK Sl o BAROLAR AR ) 7 , I 38 4o [ s SR it
X HAEAT TG, o as SRR N H AR IE AN ik 37 TUAR SR S - BRMLAL A AL SR FH B /M e R ER 3 S Ak % B KR sh s
IR 1.5 Nm FRIKE] 1.2 Nm, IRBIERDIRIEALT 20% ;i 7k B AT R G Ak h B AR A O S X TT AR K sh AL i
R e I K R B RS ME.

KRBT WU FEE s DA 3 S35 B TUAY IR Bl 5 H AR IE3S# M ik 3R s S fefk

hmES %S . THI2 SCERARIRAD: A ST EHS 1001 —4551(2022) 10 - 1440 - 08

Dynamics modeling of redundantly-actuated parallel
robot based on natural orthogonal complement
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(1. School of Automation, Zhejiang Institute of Mechanical and Electrical Engineering, Hangzhou 310053, China;
2. Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; In order to solve the problem of non-unique solutions of actuating forces (or torques) and potentially antagonistic internal forces,
the dynamic modeling and ensuing internal forces distribution and optimization of redundantly-actuated parallel mechanisms were studied.
Firstly, taking the 3RRR redundantly-actuated parallel robot as an example, the solution of displacement and velocity of the mechanism was
determined based on the closed-loop vector method. Secondly, by resorting to the screw theory, a dynamic modeling approach was first
proposed by means of the natural orthogonal complement, and then applied to obtain the inverse-dynamics equations of the 3RRR
mechanism, that overcomes the shortcomings of both the Newton-Euler and the Euler-Lagrange methods. Finally, the driving forces (or
torques) were optimized by infinity-norm solution that minimizes the maximum-driving-torque, with simulation study of a circle trajectory
tracking included as a verification. The research results show that, by applying the natural orthogonal complement and the minimization of the
maximum-driving-torque, the proposed method decreases the power requirement of the redundant drivers from 1.5 Nm to 1.2 Nm, a
significant reduction by 20% ; it has the advantages of both simple and efficient derivation, with few intermediate variables, and has great
application and reference value for modeling of redundantly-actuated mechanical systems and subsequent control law design.
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