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Kinematics Analysis of a 5-Axis Ultrasonic Inspection Equipment
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In this paper, it is studied that kinematic analysis of a 5-axis ultrasonic inspection equipment. The
equipment is comprised of three straight axes and two rotary axes. With features of ultrasonic,
the transmitter and receiver of the equipment are vertical to a test surface, operating at regular
intervals. To perform this well, the motions of every link should be found on the based of
kinematic analysis of the equipment. We chose starting point for testing and defined relations
among all links through transformation of coordinates. For double curvature-shaped test object,
we generated test paths. To follow these, we found motions of all links using inverse kinematics.
By using Matlab/Simulink, simulator was developed, so that we could find out desired trajectories
of main axes for a scan.

Key Words: Kinematics analysis (7| 718" ljA1), Ultrasonic system (2SI} AlAE!), 5-Axis manipulator (5 % OjL|Z2{0|
&), Double curvature (/2 =), Path generation (22 44)
7|zMd9H P, = acoustic pressure of penetrated wave
R = the radius of single curvature test object
a, = the distance from Z; to Z;,; measured along .X; R, = the scan radius of double curvature test object
d, = the distance from X; ; to X; measured along Z; T = transmission coefficient
p = index angular variation of single curvature Z,, = the acoustic impedance of a medium
f,= scan angular variation of double curvature Z,, = the acoustic impedance of medium 1
f, = index angular variation of double curvature Z,, = the acoustic impedance of medium 2
o = the distance from end-effector to test object "P, ., = the vector that locates the origin of the m-frame
6. = the angle from X, ; to X; measured along Z; ~R = a rotation matrix describing m-frame relative to n-
p = the density of a material frame
C = the velocity of sound " T =a homogeneous transform describing m-frame
P, = acoustic pressure of incident wave relative to n-frame
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T = the homogeneous transform describing 0-frame

relative to zig-frame
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Joint 1

Fig. 1 5-Axis ultrasonic inspection equipment
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Table 1 Parameters of ultrasonic inspection equipment
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