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Active ultrasonics has been shown as a viable technology for the characterisation of tribological interfaces. Most 
commonly, a single transducer is mounted on a component reflecting a soundwave off the interface of interest. The 
measurement area is the same as the active element within the transducer. For dynamic tribological contacts, the contact 
location changes, along with the magnitude of the component loading. This work demonstrates how using an array of 
transducers facilitates the multi-dimensional characterisation of the dynamic interfacial condition. 
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1. Introduction 

The measurement of tribological interfaces presents an 
inherent challenge as they are by nature inaccessible. 
Optical methods can be used, but these approaches 
require a transparent window and are often limited to 
laboratory environments. Electrical sensor technologies 
can provide insight into interfacial conditions, but often 
require invasive component modification and electrical 
isolation of parts. 
 
Active ultrasonic transducers have been proven capable 
of performing non-invasive measurements of dynamic 
tribological interfaces and their properties including 
contact area, contact pressure, wear, fluid rheology, 
stress, component position, geometry and deformation. 
Most previous works have obtained such measurements 
using single element transducers which have limited 
spatial resolution. This work demonstrates the use of 
embedded micro-array transducers to obtain higher 
resolution in-situ measurements reporting multi-
dimensional profiles of the inaccessible interfaces that 
were not possible using single element approaches. Work 
is presented using this approach for the measurement of 
hydrodynamic lubricant films, wheel/rail contacts, oil & 
gas sealing interface, and for the analysis of a tribological 
metal forming contact. 

2. Instrumentation 

Traditional ultrasonic array transducers are costly and 
often too large to be mounted onto components for 
testing. To overcome these limitations, micro-array 
transducers have been developed that can be embedded 
into components to perform long-term non-invasive 
measurements. Example arrays can be seen in Figure 1. 

  
Figure 1: Example images of micro-array transducers. 

3. Case Studies 

Piezoelectric transducers were mounted on the rear of a 
journal bearing shell for the measurement lubricant film 
thickness. The linear array is required to ensure the 
minimum film location is captured over a full range of 
load and speed conditions. Transducers mounted axially 
report any misalignment. 
 
A linear array of transducers is mounted under the head 
of a rail and under the rail foot. A measurement of wheel-
rail contact pressure and the contact location is reported.  
 
A linear array transducer is mounted on the outer surface 
of an oil and gas sealing component reflecting 
soundwaves off the sealing interface. The array is used to 
report the dynamic interfacial contact pressure 
distribution as the system parameters are modified. 
 
Linear array transducers were embedded into a die during 
a metal forming operation. The thickness of the thin 
cutting lubricant film was measured over a range of 
machine parameters. The dynamic load distribution was 
reported across the die component, along with high speed 
thermal effects. 

4. Discussion 

Examples have been presented to demonstrate the 
benefits of multi-transducer instrumentation over the 
more traditional single element approach. With dynamic 
tribosystems, an array of measurement points is often 
required to identify the difference between a change in 
the magnitude of the loading condition and a change in 
contact location. 
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