
Turbocharger order analysis
■ Automotive components such as 

engines, transmissions, and axles
are designed to operate over wide speed 
ranges and engineered to withstand 
constantly changing loads. Due 
to the rapid changes in operating 
speeds, order analysis – the process 
of relating dynamic behavior of 
machinery and equipment to 
rotational rate – is heavily used 
in the study of these components. 
However, the operational speed ranges 
of such components do not come close to 
those experienced by high-performance 
auto turbochargers. These little machines 
can ramp up from a few thousand rev/min 
to over a few hundred thousand rev/min 
in just a few seconds or, in some cases, 
fractions of a second.

Until recently, one supplier had been 
lamenting the inability to completely 
visualize vibration phenomena on a 
particular line of turbochargers, using 
a variety of order tracking solutions.
Figure 1 shows an exposed view of a 
typical turbocharger being tested. The 
turbine wheel shows 12 impeller vanes. 
The turbocharger was placed in a test rig 
and compressed air was used to simulate 
the exhaust gas fl ow over the turbine 
wheel. Three different vibration sensor 
systems were placed on the turbocharger 
assembly and a tachometer was used to 
provide a speed reference.
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Figure 1: An exposed section of a turbocharger

the Quattro signal processing engine was 
used for the measurements. The user was 
particularly interested in the high sample 
rate available (204.8k samples/sec) 
coupled with very high dynamic range 
for the measurements.

Figure 4 shows the recorded time 
histories of the tachometer and radial
accelerometer signals. The turbocharger 
ramps up from 4,556rpm to 115,500rpm 
in 1.2 seconds and the accelerometer time 
history shows a very clear resonance as the 
top speed is approached.

Using a high degree of overlap
processing and aided by the high sample 
rate of measurement, the data was 
processed in waterfall format over the 
entire speed range. As can be seen in 
Figure 5, there is a well-defi ned resonance 
at 106,155rpm, excited by the 12th order 
of the turbocharger. Operating the 
turbocharger at this speed for extended 
periods would be destructive for the 
components and the system.
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Figure 5: Waterfall of vibration in radial direction

Figure 4: Tachometer and vibration data signals

Figure 3: The Quattro signal processing engine

Figure 2: Data for turbocharger vibration test

signal analyzers offer a wide range of 
powerful solutions for order analysis 
and real-time order tracking. The 
solution described in this application 
note was carried out with the standard 
FFT analysis module combined with 
rpm measurement and waterfall 
analysis capabilities. 

Also offered are a real-time order 
tracking module that employs a state-of-
the-art digital resampling algorithm for 
conversion of data from time to shaft angle 
domain and a fi ltered order tracking 
module, where the user can track up to 
eight shaft orders simultaneously using 
tracking fi lters. ■
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