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Abstract. For a long time, Ultrasonic Testing Machines for aircraft components 
have been built with almost 100% custom made mechanics (gantry or bridge design) 
to match customer needs. This design comes with several disadvantages like price, 
delivery time or lack of flexibility. This article illustrates an alternative approach to 
Testing Machine design for the Aerospace industry and describes in detail the 
advantages of robot based mechanics together with different types of coupling 
mechanics and shows the abilities of today’s state of the art machine design to face 
CFRP component testing challenges. 

Non destructive testing of large aircraft parts or engine components made of CFRP or 
sandwich materials by using the ultrasonic method is a challenge for every manufacturer of 
testing machines. These aircraft components, which can easily have a length of 20 meters 
and more, require leading edge technology to answer the requirements of the inspection 
task in terms of part handling, mechanics’ accuracy, ultrasonic capabilities and data 
processing. 

1 General Layout of an Ultrasonic Testing Machine 

Basically, an ultrasonic testing machine consists of the mechanical part, ultrasonic 
hardware and computer peripherals. Mechanics can be divided into the part handling 
components to position and fix the part under test, coupling mechanics to provide proper 
and stable ultrasonic signals and scan mechanics like a bridge, robots or linear 
manipulators. The electronics comprise one or more ultrasonic transducers appropriate to 
the actual application and ultrasonic hardware for pulse generation, phased array beam 
forming, receiving and signal processing. Last but not least, powerful computer hardware is 
needed for scan path generation, data evaluation and storage. 
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[1] Exemplary basic layout of an ultrasonic testing machine 
 

2 Coupling Mechanics 

State of the art UT testing machines for the inspection of large CFRP- and Sandwich 
components are mainly based in two types of coupling methods: "Squirter" and "Bubbler". 
Immersion Technique is of course also being used and provides most stable coupling 
conditions, but due to restrictions in water basin size, immersion technique is not applicable 
in many cases. Therefore, only first two mentioned systems will be described in detail in 
this article. 

2.1 Squirter Systems 

A squirter system uses a water jet to guide the ultrasonic pulse into the part under test. The 
Squirter technique is always used together with through transmission. 
 

 
 

[2] Squirter nozzles for through transmission testing 
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Squirter systems are used for testing of high attenuating materials like sandwich structures 
(e. g. NOMEX) or GLARE (GLAss-fiber REinforced aluminum). Through transmission 
testing can be performed in single channel, dual channel, multi channel or even phased 
array setup. 
The phased array wide area squirter technique is unique on the market and has been 
patented by General Electric. With this method, a phased array probe uses multiple single 
element probes to model a specific virtual probe setup and optimized water paths. Due to its 
high number of individual elements, the sound field can be both modeled and scanned 
along the full aperture of the probe. This method typically offers an active scanning track of 
12 mm and therefore increases productivity by almost factor 6. 
 

 
 

[3] Phased Array wide area squirter nozzles 
 

2.2 Bubbler Systems 

Testing with bubbler coupling mechanics is also sometimes called local immersion 
technique. Here, a water chamber provides a proper water delay path for the used phased 
array transducer performing pulse echo testing. These types of mechanics always have a 
higher testing speed due to the larger active scanning track. On the other hand, parts 
suitable for this method can only be flat or slightly curved like stringers, aircraft fuselage. 
An exception to this is inner or outer radii testing, which can also be performed with 
bubbler systems. 
 

 
 

[4] Exemplary Bubbler mechanics 
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For instance, the testing active width here is 64 mm, provided by 32 virtual probes à 2 mm. 

3 Testing concepts 

3.1 Bridge type mechanics 

Bridge designs provide the most stable conditions in terms of positioning accuracy. Main 
components are linear X-, Y-, Z-, and C-axes to adapt to the part surface. 
 

 
 

[5] Bridge type mechanics example 
 

3.2 Linear Manipulator 

Linear manipulators are very similar to robot mechanics, as they provide independent 
movement of the two X-axes. When using linear manipulators, the C-axes become obsolete 
due to the independent X-axes movement. This simplifies overall mechanic layout. 
 

 
 

[6] Linear manipulator testing setup 
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3.3 Robot mechanics 

Integrated into an ultrasonic testing machine, industrial robots bear several advantages in 
comparison to customized mechanics solutions in terms of flexibility of the solution, 
overall cost, delivery time and maintenance. 
 

 
 

[7] Synchronized dual robots for through transmission testing with squirter nozzles 
 

Robots can be used for both pulse echo testing (single robot) and in through transmission 
mode (synchronized). 
Being a standardized mechanical component, customers purchasing a UT testing machine 
can benefit from possibly existing agreements with robot manufacturers to achieve lower 
prices. Also, robot manufacturers offer a worldwide maintenance concept providing short 
response periods. This shortens down time of the equipment and keeps up productivity. 
Technically, standardized robots bear challenges in electric noise and synchronization 
accuracy to achieve <2 dB signal fluctuation limit in through transmission mode when 
scanning 3D shaped parts. 

4 Conclusion 

Mechanic concepts using industrial robots bear many advantages over fully customized 
testing machine layouts. Robots are compatible for through transmission testing, pulse echo 
mode and all previously introduced coupling mechanics. This makes the robot approach 
very versatile and powerful. 
Though not being applicable with every application, industrial robots offer a flexible and 
cost effective alternative to fully customized designs. GE Sensing & Inspection 
Technologies is driving forward the robotic solution to be able to answer every customer 
demand with top notch technology and to be able to offer the optimum solution for testing 
challenges in the aerospace industry. 
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