%37 B 5 ST A i N S Vol. 37,No, 5
2016 4£ 10 A Journal of Hebei University of Science and Technology Oct. 2016

X E4HES :1008-1542(2016)05-0423-08 doi:10. 7535/hbkd. 2016yx05001

HE R4 Sk A W BE B A U 2 7 IR
FARLE R R AR ER S
(L BEIEREFNCFE, REBE  710072:2, LAREHERALA, LB 201109)

i EREELANENNEREABEXAZIRENNENBERIRE . BEAT EAER S
FA, RFEREELARNEZSENZREZ A TARGEFTXRE 2HANAEHFSMNEF X, 5
MR E AR ENEFEE X mEARENE, BEAL DR G A 5 E A HKIK 5 09 P X
MEBEK AN ERNF R, AT K AN ER XX, ARk AN ERA, 43U X e
BMEHZEZFPHUNXERRRBRENGFEA, BT AAESRDBEGHEIMBENM, BT —FARAESE
R EMEFREELANE A F k., £ 8 ANSYS Workbench st /& & Ae 8 AU M 45 45 #r b S 4745
A BB R EREELARAEHESEN A B ZR BIET R XFHEN TS EHZROGTHHE,

KBH - FENEHEREER R E; ANE; H X XM
HESHES  TH703 XEKAR SRS A

Research on static angular stiffness measurement of flexible joint

HUANG Yongchao', TAN Xiaoqun', ZHANG Xiaoyu', ZHU Limin*, WANG Zhanxi'

(1. School of Mechanical Engineering, Northwestern Polytechnical University, Xi'an, Shaanxi 710072, China; 2. Shanghai
Institute of Spaceflight Control Technology, Shanghai 201109, China)

Abstract ; Measurement accuracy of the angular stiffness of flexible joint is directly related to the control accuracy and sensitivi-
ty of gyro, but the traditional measurement methods have many problems. According to the principle of angular stiffness meas-
urement of flexible joint, two static measurement methods of angular stiffness are proposed based on different loading ways,
namely mechanical loading angular stiffness measurement and piezoelectric loading angular stiffness measurement. The mechan-
ical loading angular stiffness measurement system is built by using a motor driven indexing feeding tilting table, the measure
experiment if the angular stiffness of flexible joint is conducted, and the angular stiffness of flexible joint is measured. For the
excessive fluctuation problem of the measure result in mechanical load test, a piezoelectric loading structure is designed and a
measurement method employing piezoelectric actuator is proposed for angular stiffness measurement of flexible joint. Based on
ANSYS Workbench, the displacement output of the piezoelectric loading structure is analyzed by simulations. The simulation
results illustrate that the displacement output meets the requirement of static loading angular stiffness measurement of flexible

joint, and the theoretical feasibility of piezoelectric loading angular stiffness measurement method is validated.
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Tab.1 Relation between mechanical loading displacement and the yawing angle

PIER 2 1

IR G RIBAEE «i/ O 0. 02
Btk kR EA R/ O 0. 055
WA & B EH AR 2/ pm 5.11

2 3 4 5 6
0.04 0.08 0.12 0.16 0.20
0.110 0.165 0.220 0.274 0.329
10. 23 15. 34 20. 46 25.57 30. 69
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Tab. 2 Data of integrated flexible joint angular stiffness and torque test
s 3 55 15 A% 0 H { / (mNgm) £ W BE A8/ £ W BESE B qH/
7
75 1] 1 9 3 4 5 6 (Ngem « rad™!)  (Ngem ¢ rad™1)
1 0.025 3 0.051 2 0.084 4 0.118 3 0.151 3 0.182 8 1.219 4
2 0.025 4 0.052 9 0.084 4 0.117 7 0.148 8 0.181 8 1.199 5
90° 1.207 9
3 0.027 5 0.054 7 0.086 3 0.120 2 0.151 6 0.1835 1.2009
4 0.027 1 0.053 7 0.085 2 0.119 2 0.152 3 0.184 1 1.2119
5 0.034 3 0.062 9 0.096 2 0.1291 0.162 4 0.1939 1.227 2
6 0.0355 0.062 6 0.095 7 0.127 1 0.159 0 0.189 4 1.185 0
270° 1.212 5
7 0.036 3 0.064 9 0.097 5 0.131 4 0.161 9 0.195 2 1.217 6
8 0.030 3 0.058 1 0.092 1 0.124 3 0.157 6 0.188 7 1.2205
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Tab. 3 Correlation coefficent between angular and torque of flexible joint

B v 3k i A9 HL A/ (mNgm)
B LIPSES 3
1 2 3 4 5 6
1 0.009 2 0.018 7 0.030 8 0.043 1 0.055 1 0.066 6 0.999 35
2 0.009 3 0.019 3 0.030 8 0.042 9 0.054 2 0.066 3 0.999 64
3 0.010 0 0.019 9 0.0315 0.043 8 0.055 2 0.066 9 0.999 60
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Fig.8 Simulation results of rhombic amplification mechanism
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Tab. 4 Simulation results of relation between force and displacement

fERAS/N 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
MR BRI /pm 0.45  0.89  1.13  1.78 2.23 2.68 3.12 3.57 4.02 4.46 4.91 5.36 5.80 6.25 6.70

o iR /pm 2.49  4.98  7.47  9.96 12.45 14.94 17.42 19.91 22.40 24.89 27.38 29.87 32.36 34.85 37.34
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