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

doi:10.6041/]. issn. 1000-1298.2024. 04. 043

BT HEMHEUENARNBRPERTRTIZITTE

T & MXH EFA KHR B #F

(L VLML TRROF ST, AP 7120995 2. KR LA TR Be, K 300350)

FEE : B I N B — RSE B TR IR $h 3 T 1] W 2 il A O 1) S B & L 3 90 40 & - FHAE ) N A8 i T A IR
PR AN R BT A 22 B H B A R A R AR AR . P LR L AR SR T — R T
S5 AHABL I B R R F 5 R [ 25 B O % 1% 0 ¥R FR ML AR I DU [R] J5R  fR BR U 4R 4 R R S 880N T R AR
AR KT ¥ D 25 K8 19 55 5 W SR VDA R 38 A S A S Bk R N R — R e AR R A At T RO TR AL R SE —d Fh [
B E AR . LU 3 — PRS I BEALA Ay 41 F R B8 ) 30 iF 55 %F LY 43 A, 45 AR R W], AR R BT & AR R, AR B0t
7 B RS BT 3 A5 3 1 4% 1) M BE O v, B4 $M AR 4 RS 3 4T 1 44 R 20 A S8 A 31

KW WAL ; SRR Rt ik Rt $4%
HESHES: THII2 SCHRARIRAD : A STE 42 1000-1298(2024)04-0431-09 OSID E@%&g

O

&

Topology and Dimension Synchronization Design Method for
Parallel Mechanisms Based on Structural Similarity

WANG Meng' LIN Wengi' CUI Qingchun' SONG Yimin® SUN Tao
(1. Northwest Institute of Mechanical and Elecirical Engineering, Xianyang 712099, China
2. School of Mechanical Engineering, Tianjin University, Tianjin 300350, China)

Abstract; Parallel mechanisms have the advantages of strong reconfigurability, excellent dynamic
performance, and high accuracy, and have been widely used in aerospace and other fields. As an
important branch of parallel mechanism research, design has significant value and development
prospects, so many researchers have made great efforts and achieved many results in this area. However,
with the continuous advancement of parallel mechanisms, from single-dimension and topology designs to
their integration, synchronous design methods based on topology superposition and full-variable orthogonal
design have undergone extensive research and application. Nonetheless, these methods exhibit notable
drawbacks, such as low design efficiency. To address these concerns, a method for designing parallel
mechanisms that synchronizes topology and dimension was presented based on structural similarity. The
method used slight variations in dimensional parameters while maintaining the same mass retention ratio
during topology optimization as the starting point. It then employed topology parameterization scaling and
stiffness — mass metamodels construction to efficiently synchronize dimension and topology for parallel
mechanisms. Using a typical 3 — PRS parallel mechanism as an instance, numerical verification and a
comparative analysis were conducted. The findings demonstrated that under the same mass conditions,
the proposed design method obtained greater isotropic stiffness compared with traditional dimension design
methods. In summary, topology optimization made the material distribution of RS links more reasonable.
This research not only offerred beneficial guidance for producing physical 3 — PRS parallel mechanism
prototypes, but also established a theoretical basis for designing other parallel mechanisms.
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