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1, 7.459 9 Hz.
1 6

Tab. 1 Natural frequenctes at 6 given configurations for the manipulator

f()/HZ
Xp=(0,0,1)", X ,e= (0°,0°,0°)7 29.6328; 127.8627; 124.914 5; 61.052 3; 124.637 6; 178.157 7
Xp=(0,0,1)", Xoe= (0°,15°,0°)" 28.5617; 122.3524; 126.982 5; 59.8910; 175.459 7; 124.889 2
Xp= (0,0, 1), X oe= (0°,30°,0°)7 25.4614; 112.3100; 127.256 3; 168.044 0; 56.104 3; 124.804 7
Xp= (0,0, )7, X,,= (0°,45°,0°)7 20.6332; 94.417 1; 128.143 6; 48. 813 4; 124.634 2; 157.917 0
Xp=(0,0,1)", X,,= (0°,60°,0°)" 14.485 0; 68.8249; 129.062 3; 36.8999; 124.337 5; 148.068 6
Xp=(0,0,1)", Xoe= (0°,75°,0°)" 7.4599; 36.470 3; 129. 726 6; 141.328 9; 123.940 2; 20.075 8
Xp=(0,0,1)7, X,p= (0°,0°,15°)7 28.643 9; 62.2307; 129.094 0; 122.157 5; 124. 637 6; 173.3149
Xp=(0,0,1)", X y= (0°,0°,30°)" 25.8527; 65.4468; 116.7339; 130.173 8; 124.637 6; 158.521 6
Xp= (0,0, 1), Xoe= (0°,0°,45°)" 21.5007; 70.0456; 109.810 4; 130.622 9; 124. 637 6; 133. 189 1
Xp=(0,0,1)", Xoe= (0°,0°,60°)" 15.6324; 75.410 1; 102.213 2; 130.676 7; 124.637 6; 97.080 9
Xp=(0,0,1)", X,p= (0°,0°,75°)" 8.3057; 130.572 5; 81.058 6; 94.916 6; 124.637 6; 51. 4449
Xp= (0,0, )7, X,,= (15°,0°,0°)7 29.6328;127.8627;59. 197 3;124.481 6;125.047 3; 178.157 7
Xp= (0,0, 1), Xome= (30°,0°,0°)" 29.632 8; 127. 862 7; 53.636 6; 125.224 6; 124. 243 5;178. 157 7
Xp= (0,0, 1), X o= (45°,0°,0°)7 29.632 8; 127. 862 7; 44.441 1; 125.364 8; 124. 026 5;178. 157 7
Xp= (0,0, 1), X o= (60°,0°,0°)" 29.632 8; 127. 862 7; 31.900 1; 125.461 4; 123. 859 4;178. 157 7
Xp=(0,0,1)", X o= (75°,0°,0°)" 29.632 8; 127. 862 7; 16.699 3; 125.517 1; 123. 755 6 178. 157 7
(2) 2. 2 (x=0,y=0,z=1m) , Oz
Pr ( % 0°,15°,30° ,45°, 60°,75°), 2 @& P ,
0°. (9), Matlab , 6 1
1, 8.305 7 Hz.
(3) 3. 3 (x=0,y=0,z= 1m) , Ox
Py (% 0°,15°,30° ,45°, 60°,75°), 2 % P ,
0°. (9), Matlab , 6 1
1, 16. 699 3 Hz.
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Dynamic Analysis of a Wire Driven Paralle Manipulator for
LowSpeed Wind Tunnels

HU Long', ZHENG Yaqing', LIN Qi’, LIU Xiongwei’

(1. College of Mechanical Engineering and Automation, Huaqiao U niversity, Quanzhou 362021, China;
2. Department of Mechatronics, Xiamen University, Xiamen 360005, China;

3. School of Computing Engineering and Physical Sciences, Unirersity of Central Lancashire, Preston, UK)

Abstract: The range of the incidence of modern vehicles in low speed wind tunnel tests is usually very large w hich can t
be carried out by a traditional frame support system. A new wire-driven parallel manipulator for low-speed wind tunnels
to suspend a 1: 100 scale model of I~ 15E is presented. By this design, the ranges of pitch, roll and yaw angles of the
scale model at the home pose are all — 90~ 90°. Such a design has been validated by wind tunnel tests in a wind speed of
28.8m* s~ '. And it has been found that there is only very little vibration occurring at the end of the scale model which
is less than that in atraditional frame support system. This paper focuses on the dynamic analysis of this wire-driven par
allel manipulator, and the solutions to the inverse dynamics problem are obtained, two case studies are given to obtain the
tension of each wire when the scale model translates and rotates, the simulation results of which will provide some data
for the further structural design of the system. Also the dynamic characteristics of the manipulator are analyzed and the
natural frequencies at the given configuration are computed according to the linear perturbation dynamic equation, and
three case studies are given to com pute the minimal natural frequencies of a certain configuration when the scale model ro-
tates about an axis, thesimulation results of which will provide the criteria for analysis of the rigidity and vibration char-
acteristics of the manipulator.

Keywords: wind tunnel; suspension system; wire-driven; parallel manipulator; dynamics



