40 % 45 6 1] O I G- S Vol. 40 No. 6

201946 A Chinese Journal of Scientific Instrument Jun. 2019

DOI: 10. 19650/j.cnki.cjsi.J 1904643

ETHMREFRNEMMEARGRZEREREES T

AR MR, REB, WS
(fEl%j(% ISR 5 T4 BiET 210096)

B FET s T RESIAEE (VE) ) S5t R G/ E AHLAS B AU 2z B R e M R W TARRY TSR . 5 el
TIPS M AU PRI LA A 5 A D i Sy A B B A, P T BEL 0P R 7 12 A 57 ) S 5 5 T 2R 9 PR B4 R SR - )
PR /R GE VAT 1 R GERGAE I 250, M SRR 0 S5 R KT 1 WIRE ANBELTE 2 B DR R O£ DR 4R 6 0 18] B L RV 2 L
PO RGURGE PERI RN, 25 1 1 RE AU I BE | R AUARELJE AR #4525 LT S5 52 0 PR 38 0 i A 2 ko ) IR 649 7 S 5 ik T4
Pl T S0 R GUIFHEAT 1SRRI, BT XA R ) R AR AU [F] B BE BT A AR 2R R YRR E L. SRR A RIEN] T
HE AT IE AT

KB I E SRR SE T s J1 R BE AR 5 RE AU IR E

RES S TP241 TH-39 MEFRIRED: A ERFEZHSERD: 460.40

Stability analysis of VE force feedback interaction
system based on haptic handle

Li Huijun, Xie Guiping, Song Aiguo, Li Bowei

(School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract: VE (virtual environment) force feedback system based on haptic handle has been widely used in human-machine interaction
field. Stability is the prerequisite for the system to work properly. Firstly, the force feedback device, the virtual interaction environment
and operator are modeled independently as independent modules, then the closed-loop control model of the force feedback interaction
system is modeled based on impedance reconstruction method. The Hurwitz criterion is used to derive the system stability conditions, the
frequency response function is used to analyze the influences of the stiffness and damping of virtual environment, the signal hold time
interval of the zero-order holder and the impedance of the operator on the system stability, and the critical stability conditions of the
influence factors, such as virtual stiffness, virtual damping, operator impedance and etc. are given. The developed force feedback haptic
handle is utilized to construct an experiment system and experiment study is conducted. The system stability under different conditions is
analyzed for different frequencies of force feedback and different virtual environment impedance. The experiment results prove the
correctness of the theoretical analysis.
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Fig.1 Structure of the VE force feedback system
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Fig.3 The dynamic model of the force feedback device (1-DOF)
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Fig.4 The open-loop system model not including operator
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impedance conditions
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