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An Elastodynamic Modeling Method for a 3-RPS Parallel Kinematic Machine

LUO Haiwei', ZHANG Jun?, WANG Hui', HUANG Tian'

(1. Key Laboratory of Mechanism Theory and Equipment Design of Ministry of Education of China, Tianjin University, Tianjin 300072, China;
2. School of Mechanical Engineering, Anhui University of Technology, Ma’anshan 243032, China)

Abstract: An elastodynamic model for a fully flexible 3-RPS parallel kinematic machine (PKM) is proposed based on the
component mode synthesis (CMS) and modal reduction technology. In the modeling process, the whole system is divided
into moving platform subsystem and three retractable RPS limb subsystems, in which all joint and limb compliances are
included. In the elastodynamic model, the sphere joint and the revolute joint are treated as lumped virtual springs with equal
stiffness, and the elastodynamic equations of RPS limbs are developed by the modal reduction techniques with the aid of
the finite element software. By introducing the compatibility conditions, a global dynamic equation of the system is then
proposed. The conclusion reveals that the natural frequencies of different orders vary with the changes of the configuration,
and are three-symmetrically distributed. The natural frequencies and vibration modes obtained by the proposed method are
further validated by the modal experimental results.
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Fig.3 Limb freedom reduction
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Fig.5 Force diagram of the moving platform

AR K 5 fios, e EIRZ G
CECT RS sy U VA s
3
mp€p=—Y Fp i+ Fp
i=1 (16)

5
IP&p = _ZrAi X Fpri+ Tp
i=1
X, mp. Ip NEFGIERGAAIE R B-xgyszs T HI
JREFEFEAE A ep M &, BT B HILALEE
MO Feu NS 55§ &SCRERBITER 715
ra N GEREEE O E, Fey e NEIFE T
ZEIIANES S k. HAY

mp = RmpoRT, Ip = RIp()RT7 FPLi = RifPLi (17)

4 A3FEERLES (Substructure synthesis

of the A3 head)
4.1 TRABRMG

BV G SR A B Ok B2 i 6 B, B,
A Ag 53 MFORESE S LB T G R SR AT
VAi. €4 7 0A A Ag TESCEEALAR R Bi-xjyizi
IR ES.

BT QB Up = (ep,8p)" 153 E kB
Hl A, AR 2 [BAFE I R R &



WHEAH, 5. 3-RPS FERHURMIBRNES) 77 2 dAR T v 741

336 &2 6 W
VA, =R'D™"U,
1 00 0 VAzi _rAyi
DrA[ =0 1 O —TAzi 0 VAxi (18)
0 1 rayi  —Taw, O

:—Etl:':‘ ’ rAxi\ rAyi *u rAZi ﬁj\%ljj\jAl ;@:Eﬁé*ﬁ% B‘XB)’BZB
TW% Tai E‘]ﬁé*ﬂ?

VA; &y

ksi
A — AW — 4

e X
M6 R

Fig.6 Connection diagram of the joint
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Fig.9 The theoretical and experimental natural frequencies and the corresponding mode shapes
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