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In research and product development, scanning 
laser vibrometry is used to measure the spatial and 
temporal vibration signature of an object. An analysis 
of these measurements is critical for intelligently 
adjusting and optimizing the vibrational characte- 
ristics of the object being developed or studied. For 
example, when used in the automotive, aerospace, 
data storage and microsystems industries, improve-
ments in the engineering, performance, quality and 
production control are indispensable.

For characterizing operational deflection shapes (ODS)
that require a complex measurement grid with high 
density measurement points, non-contact scanning laser 
vibrometry is optimal and has many advantages over 
tactile measurement systems where the physical size of 
the sensors limits the spatial resolution and placement.

The following text describes the comparison of a high 
point density measurement by a scanning vibrometer 
and a low resolution measurement with little measuring 
points (typically for accelerometers) on vibrating plates.

Test setup

To analyze the influence of spatial resolution on the 
representation of operational deflection shapes (ODS), 
a test setup consisting of a frame and a freely vibrating 
aluminum plate suspended within the frame was built 
(figure 1).

The plate (300 x 100 mm) was excited using a SAM 
Scalable Automatic Modal Hammer to cover a wide 
frequency range.

Point density makes a difference

In the following analysis, this aluminum plate was mea-
sured, using different point density settings one after 
the other. This experiment compares measurements for 
different deflection shapes with a low point density  
(45 measuring points) with high density (1,200 points).

The PSV Polytec Scanning Vibrometer served as 
the non-contact, vibration measurement system. The 
frequency bandwidth was 25.6 kHz with a frequency res-
olution of 2 Hz. These settings were used for all measure-
ments, so the average temporal response spectrum of all 
measurements was almost identical. 

In figure 2 the first comparison of ODS (2a, 2b) still seem 
to correspond, showing the same torsion at 100 Hz. 
At a higher frequency of 3 kHz, representation of the 
deflection shape using 45 points has reached its limit 
as is evident in figure 2c when compared to figure 2d 
(1,200 points). When raised to 7 kHz, the deflection 
shape of figure 2e (45 points) shows a lower spatial 
frequency when compared to the deflection shape 
shown in figure 2f (1,200 points).

1
Plates suspended 
with cable tie 
and spring, freely 
vibrating.

Laser vibrometers evaluate  
vibrating structure surfaces  
with unlimited point density  
and zero mass loading.
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This effect comes from undersampling and is known as 
aliasing. The well-known Shannon-Nyquist sampling 
theorem applies to these measurements. When 
examining a freely vibrating cantilever, the first bending 
Eigen mode requires at least three scan points, the second 
Eigen mode requires minimum five scan points etc. 
Thus, a sufficient spatial resolution is essential for reliable 
visualization of an operational deflection shape and a 
subsequent modal analysis to determine the Eigen forms.

In the event of undersampling of the deflection shape due 
to lack of measurement point density, wrong conclu-
sions might be derived, leading to a false interpretation 
of the measurement results. Through spatial aliasing, 
deflection shapes with lower spatial resolution are 
displayed, but these do not correspond to the correct 
high order resonance form. In the worst case, low point 
density vibration measurement leads to the wrong 
starting point for technical evaluations, to design errors 
and faulty products.

Conclusion

The comparison of high measurement point density with  
the PSV Polytec Scanning Vibrometer and low measure-
ment point density with contacting methods like acceler-
ometers clearly showed, that with a lower measurement 
point density the deflection shapes of higher modes 
can only be displayed to a limited degree. In order to 
describe a true and representative deflection shape, 
it requires a minimum of spatial resolution. If the resolu-
tion is too low, a deflection shape might be wrong due 
to spatial aliasing or even missed completely. 

In many cases, the use of accelerometers as vibration 
sensors face the problem of a limited number of mea-
suring points, due to the geometric dimensions of the 
sensor and its additional mass. The PSV Polytec Scanning 
Vibrometer solves this with a virtually unlimited number 
of measurement points and also provides reliable mea-
surement data for complexly shaped structures.

2
Operating deflec-
tion shapes a, c, e 
with 45 measuring 
points shall simulate 
a typical acceler-
ometer setup, whilst 
b, d, f represent 
the high spatial 
resolution (1,200 
measuring points)  
using Scanning 
Laser Doppler  
Vibrometers (SLDV).
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