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(ABSTRACT)

The Laser Doppler Velocimetry technique has been widely used for dynamic
measurements and experimental modal analysis. A laser scanning system that provides
position accuracy, speed, and flexibility plays a key role in this technique. This thesis
gives an overview of various laser scanning techniques and the requirements of a laser
scanning system for the LDV and modal testing. The G3B/DE2488, a most-advanced
galvanometer-based laser scanning system manufactured by the General Scanning Inc., is
one of the most suitable laser scanning systems for the LDV and modal testing. The
focus of this work was to test and calibrate such a scanniﬁg system to meet the
requirements for modal testing. A new method to determine laser scanning angles was
introduced. Based on this test method, a laser scanning system test rig was designed and
constructed. To determine a laser beam scanning angle, the laser and scanner together
were translated in a direction perpendicular to the target plane by using a micrometer-
driven translation stage. The translation of the scanned laser spot at the target plane due
to the translation of the laser-scanner unit was traced by a photodetector and another set
of micrometer-driven translation stages that moved in the target plane. The laser beam
scanning angle was calculated from the traveled distances of the laser-scanner unit and of

the laser spot at the target plane. The test setup was used to determine the overall



performance of the G3B/DE2488 which included the scanning time and accuracy. The
errors that affected the scanning accuracy were analyzed. Due to the relatively low
precision and quality of the cost-constrained equipment used in the test setup, the
accuracy of determining a scanning angle was not very high (around 50 prad). However,
if some high-accuracy and high-resolution equipment such as a beam profiler and a set of
motor-driven stages are used, this test method has the potential to determine a laser beam

scanning angle with an accuracy in the order of microradians.
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CHAPTER ONE
INTRODUCTION

The traditional method of experimental modal analysis is to place an accelerometer
on each point of the structure that is of interest, in order to measure the dynamic
responses of the structure undergoing shock or vibration. This method makes it possible
to obtain only a limited number of data points, thus providing incomplete modal
information, and sometimes even a false modal shape. Attaching and removing the
accelerometers are extremely time consuming procedures. The contacting nature of this
method adds mass and local stiffness to the structure. As the accelerometer moves around
the structure, the structure's dynamic characteristic changes. In a number of cases, this
modal analysis method is not applicable, for instance on high-temperature structures,
rotating subjects, or structures that are just too small or too vulnerable to mass load to
have the accelerometers attached as they will change the system dynamics.

As the laser technology advances, laser interferometry techniques for non-contacting
modal testing have been rapidly developing. The most popular laser interferometry
techniques for dynamic measurement are holographic interferometry, speckle
interferometry, and heterodyne interferometry. Among laser interferometry techniques,
the Laser Doppler Velocimetry (LDV) using the heterodyne interferometry has the most
flexibility in use over other techniques. The LDV technique, using a focused laser beam,
measures surface velocities of a vibrating object. This technique not only eliminates
almost all shortcomings of the traditional method, but also expands the potential
applications of modal testing. Nevertheless, the LDV technique requires a laser scanning

system that can provide positioning accuracy, speed, and wider applications.















The laser-scanner unit (at horizontal position, with the Z stage)

Figure D.2 Photograph of the setup (2)
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The photodetector unit (with the X and Y stages)

Figure D.3 Photograph of the setup (3)

152




APPENDIX E

Measurement Data for G3B Position Sensors from General Scanning Inc.

X scanner (S/N 604920) Y scanner (S/N 604919)
Angle Raw position Angle Raw position
(degree) (VDO) (degree) (VDC)
-10.00035 1.87414 -9.00148 1.65943
-9.00204 1.68688 -8.00344 1.47518
-8.00400 1.49962 -7.00568 1.29095
-7.00568 1.31239 -6.00764 1.10670
-6.00709 1.12519 -5.00933 0.92244
-5.00822 0.93792 -4.01046 0.73826
-4.00907 0.75080 -3.01103 0.55400
-3.00937 0.56355 -2.01133 0.36981
-2.00911 0.37635 -1.01107 0.18557
-1.00858 0.18910 -0.01054 0.00131
-0.00776 0.00190 0.99027 -0.18282
0.99416 -0.18528 1.99136 -0.36712
1.99663 -0.37251 2.99245 -0.55128
2.99911 -0.55969 3.99410 -0.73554
4.00131 -0.74691 4.99574 -0.91979
5.00295 -0.93413 5.99766 -1.10396
6.00432 -1.12131 6.99986 -1.28245
7.00513 -1.30856 8.00150 -1.47249
8.00455 -1.49578 9.00204 -1.65664
9.00204 -1.68298 10.00174 -1.84092
9.99786 -1.87013
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APPENDIX F

Scanning AngleTest Results for the X and Y Scanners

Table F.1 Scanning angle test results for the X scanner

Digital Test 1 Test 2 Test 3 Test 4 Test 5 Average
Input (degree (degree (degree (degree (degree (degree
optical) optical) optical) optical) optical) optical)
0 -20.016 -19.987 -20.013 -19.988 -19.984 -19.998
3277 -18.017 -18.001 -18.011 -17.984 -17.994 -18.001
6554 -16.012 -15.995 -16.008 -16.007 -15.986 -16.002
9830 -14.015 -14.002 -14.007 -13.990 -13.985 -14.000
13107 -12.013 -12.009 -12.014 -11.990 -11.983 -12.002
16384 -10.016 -9.999 -10.007 -9.993 -9.990 -10.001
19661 -8.003 -8.005 -7.998 -7.998 -7.988 -7.998
22937 -5.996 -6.005 -6.004 -6.008 -5.997 -6.002
26214 -3.986 -3.997 -3.995 -4.001 -3.991 -3.994
29491 -1.993 -1.996 -2.000 -2.000 -1.993 -1.996
32767 0 0 0 0 0 0
36044 1.999 2.001 1.996 1.993 1.989 1.996
39321 3.997 4.004 4.003 3.990 3.989 3.997
42598 5.998 6.008 5.990 5.992 5.980 5.994
45875 8.001 8.004 7.998 7.987 7.973 7.993
49151 9.996 10.008 9.988 9.988 9.987 9.993
52428 11.991 12.016 11.986 11.975 12.010 11.96
55705 13.996 14.006 13.978 13.982 13.996 13.992
58982 15.979 16.006 15.970 15.953 15.994 15.980
62258 17.992 18.005 17.982 17.973 17.988 17.988
65535 19.973 20.000 19.983 19.956 19.967 19.976
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Table F.2 Scanning angle test results for the Y scanner

Digital Test 1 Test 2 Average
Input (degree optical) (degree optical) (degree optical)
0 -21.236 -21.222 -21.229
3277 -19.105 -19.093 19.099
6554 -16.965 -16.980 -16.973
9830 -14.856 -14.837 -14.847
13107 -12.739 -12.739 -12.739
16384 -10.626 -10.615 -10.621
19661 -8.499 -8.499 -8.499
22937 -6.385 -6.367 -6.376
26214 -4.258 -4.232 -4.245
29491 -2.130 -2.114 -2.122
32767 0 0 0
36044 2.117 2.120 2.119
39321 4.257 4.246 4.252
42598 6.367 6.380 6.374
45875 8.499 8.493 8.496
49151 10.605 10.605 10.605
52428 12.748 12.741 12.745
55705 14.860 14.866 14.863
58982 16.975 16.981 16.978
62258 19.096 19.097 19.097
65535 21.217 21.194 21.206
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