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Scanning Vibrometers Visualize Localized 
Structural Vibrations in Integrally-Constructed
Compressor Wheels (Blisk).
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Compressor wheels for aircraft engines are increas-
ingly being produced using integral construction. 
This innovative design poses a special challenge 
for the investigation and interpretation of vibra-
tion phenomena relevant to the service life of 
the wheel. A PSV scanning vibrometer makes an 
essential contribution to this process, since it can 
visualize the major modes of vibration directly.

The integral construction of compressor wheels is  
of great importance when it comes to meeting the  
demand for more environmentally friendly and higher- 
performance aircraft engines.  
Making these structures from a single piece or using  
friction welding enables manufacturers to forgo 
weight-intensive blade root constructions. The “blisk” 
(blade integrated disk) construction is therefore capable 
of achieving higher rotation speeds and a better com-
pression ratio than the conventional design. This does, 
however, give rise to a series of questions regarding its 
structural dynamic behavior. It is particularly important 
not to neglect the influence of production tolerances 
(mistuning), since this gives the individual blades differ-

ing vibration characteristics (Figure 1). These conditions 
make it possible for localization phenomena to mani-
fest in the oscillation modes as well, which can lead to 
high levels of strain on the blades due to aerodynamic 
stimulation.

Localization Phenomena

If a localized vibration is triggered during operation, the 
vibration amplitude will experience sharpness by a factor 
of 2 and will be higher than that of the ideal design. 
Special consideration must be given to the deforma-
tion level of individual blades affected by localization 
phenomena, since it has a significant negative impact on 
the service life.

This reduction in service life is amplified by extremely 
low damping, which due to the integral construction, 
is only comprised of pure material damping. Polytec's 
Scanning Laser Vibrometry is especially suitable for the 
visualization of modes of vibration, and thus, localization 
phenomena.
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Measurement Setup

The underlying blisk (Figure 2) possesses 29 blades, of 
which blades 3, 9, 12, 18, 26, and 29 are equipped with 
strain gauges (SG). Since they inevitably introduce addi-
tional mass, damping, and stiffness, the influence of the 
SG on the vibration characteristics must be considered. 
 
During the course of later test runs, monitoring the SG 
signals ensures reliable operation. It is excited using 
an electrodynamic shaker connected via a fastening 
device and and driven by a swept sine wave covering 
the fundamental bending frequency for the blades. The 
connection is designed with a reference force sensor to 
measure the input transmission function.

Due to shadowing effects, the coverage with the PSV 
Scanning Vibrometer is initially limited to 22 blades. In 
order to complete the mode of vibration information in 
the circumferential direction, measurements for a closed 
ring near the edges of the blades are measured in an 
additional scan. 
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Results

The depiction of the transmission function averaged out 
from all scan points (Figure 4) shows a series of peaks in 
the examined frequency band, resulting partially from 
the mistuning of the blades and partially from certain  
vibration modes of the coupled disk/blade movement. 
In figures 5 and 6, a 2D visualization of the correspond-
ing modes of vibration is shown for a few select cases. 
Examples a), b) and c) are characterized by strong 
coupling of disk and blade movements, which manifests 
in the occurrence of nodal diameter lines.

Case a) corresponds to a mode of vibration with two 
nodal diameter lines, known as “cyclic symmetry mode 
2” (CSM 2), which is deformed to a certain extent due 
to mistuning, therefore deviating (Figure 6) from the 
ideal sinusoidal shape.

Modes of vibration b) and c) correspond to the modes 
CSM 5 and CSM 1, while d) can no longer be readily 
allocated. In d), the mode of vibration is localized  
near blade #3, which can generally be explained by 
mistuning. 
 

Furthermore, this type of vibration mode is characterized 
by the largely isolated movement of one blade, and in 
some instances of the directly adjacent blades. Blade #3 
is equipped with an SG, so that tuning is further com-
promised by its added mass and stiffness. In preliminary 
experiments it was possible to prove that the associated 
vibration frequency of the “blade alone frequency” 
corresponds to the instruments of blade #3.
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Conclusion

Non-contact investigations utilizing a laser with a  
Polytec's PSV Scanning Vibrometer can be utilized to 
identify the localization effects on compressor wheels 
caused by mistuning of the blades during manufactur-
ing. Detecting such phenomena is critical to under-
standing and accounting for their effects in blisk service 
life calculations.
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