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Abstract. This research presents an end effector concept, which takes the problems 
of automation of phased array ultrasonic testing into account. The coupling medium 
is supplied via additional hoses. Seals prevent the couplant to spread in space. Finally, 
ball wheels ensure smooth movement on the test surface, wherein an elastomer 
couplant assures the examination on uneven surfaces.  

Introduction  

Fibre-reinforced plastics (FRP) are considered to be the key materials in the automotive 
industry in fields of lightweight and CO2 reduction. Hybrid structures of materials such as 
steel or aluminium and fibre-reinforced plastics, such as CFRP or GFRP, will be used to 
reduce vehicle weights in future. [1]  

To assure a consistent part quality, the joining region as well as the processed FRPs 
need to be examined for defects. The ultrasound technology has the potential to ensure the 
quality of these future components because of its respectable detection capabilities of 
delaminations, air pockets and geometric deviations. A high productivity and a standardized 
component monitoring are reasons for an automation of the ultrasonic testing. The costs in 
the product creation process and the costs of production can be further minimized by 
automation and the test personnel is exculpated. The high productivity allows an increased 
scope of inspection, which is beneficial to the quality assurance. [2] 

For automated operations executed by a jointed-arm robot the phased array ultrasonic 
technology must be customized. Furthermore, it is important to guarantee the operations on 
smooth and flat surfaces but also the coupling and testing on uneven surfaces, such as fibre-
reinforced moulding compounds. An insufficient coupling to the component leads to 
significant difficulties in the analysis of the images or even makes the evaluation impossible. 
In addition, it is essential to ensure the supply of a coupling medium, such as water, in 
sufficient amounts. A resource-efficient use of the couplant must also be taken into account. 
In a use of line arrays, the orientation of the array to the test direction is important.  
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1. Difficulties of Automation    

In the phased array ultrasonic testing, errors are evaluated on the basis of images generated 
by many individual elements. A necessary requirement for optimal images is a permanently 
good coupling to the test object. Even while processing a constantly good coupling of the 
probe to the workpiece is indispensable, so that the sound can be initiated into the material 
easily. Air between the probe and the test object makes an image evaluation impossible, since 
99% of the energy of sound is reflected at the interface between the probe and air. Such 
conditions preclude a record of suitable measurements. [3]  

To avoid air between the probe and the test object a smooth movement of the probe 
and the supply of a sufficient coupling medium must be ensured. A stagnant moving, a 
jumping of the probe or dry areas between the probe and the test object prevent predications 
about the quality of the hybrid structure, as shown in figure 1.   
          

 

Fig. 1. C-Scan with effect of air as an interface, defects and dry areas  

The design of the end effector on a jointed-arm robot must consequently guarantee, 
that the probe moves smoothly while proceeding on the material surface. The couplant feed 
shall ensure that a sufficient coupling medium is available already at the start of the 
measurements and even to the outer regions of the probe. Care must also be taken to a 
resource-efficient use of the coupling medium.   

The consideration of future components reveals that the complexity of shapes and 
geometries increases steadily. At the same time, this represents a major challenge for probes, 
since they must be occasionally adjusted to the component. Frequently complex 
manufactured components already require a use of different probes. In automated testing, 
this matter of fact leads to laborious tool chancing systems which increase costs and the test 
duration. Furthermore, the multi material design poses a challenge for automated testing. The 
different sound characteristics in the material and the various surface qualities complicate the 
specification of one single probe.  

Another challenge of automation is the correct orientation of the probe to the test 
direction. The longitudinal axis of a line array and the scan axis has to be aligned orthogonal. 
Errors in the orientation of the probe implicates a misrepresentation of the defect results and 
prevent an accurate evaluation of the defect. Defects are geometrically distorted and appear 
larger.            
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2. Design of the concept   

The proposed concept for a new end effector to automate the phased array ultrasonic 
technology consists of three significant modules:   
  The housing with ball wheels and sealing system   The probe consisting of line array, wegde and elastomer couplant   And the couplant (water) feed. 
 

On the housing, the ball wheels are mounted to assure an uninterrupted process of the 
end effector. At the bottom of the housing a circumferential seal is installed, which prevents 
the coupling medium from spreading. In addition, two grooves are integrated into the 
housing, which allow a vertical movement of the probe. Holes on the sides conduce as a 
placeholder for hoses, that supply the couplant such as water, as shown in figure 2.  

 

Fig. 2. Design of the concept  

The probe, consisting of the line array and the wedge including the elastomer 
couplant, is bolted to an adapter plate. At the short sides of the adapter plate dowel pins are 
used to allow a variable vertical bearing with the housing. In addition, an elastomer couplant 
is attached to the wedge. Both, the bearing and the elastomer couplant, pander to an optimized 
coupling. However, the elastomer couplant purposes mainly a better coupling on uneven 
materials, such as fibre-reinforced moulding compounds. 

The couplant feed generally consists of two hoses, which are attached to the outer 
sides of the housing. Both pass the probe and end at the elastomer couplant. In this way the 
coupling medium such as water can flow in the areas between the seal and the elastomer 
couplant, as shown in figure 3. Thus a sufficient supply is provided. The coupling medium 
is not supplied before the end effector is placed onto the test surface.     

Before putting the end effector on the surface the elastomer couplant juts out of the 
housing. The specific bearing of the probe at the attached adapter plate ensures the exact 
movement of the probe during the positioning on the workpiece surface. The gap between 
housing and test object is defined by the ball wheels mounted to the housing. By the ball 
wheels a smooth movement of the probe is possible. During procedure the circumferential 
seal is also pressed on the surface, so a resource efficient use, for example, of water as a 
couplant is ensured. The elastomer couplant guarantees a permanent coupling even on rough 
surfaces and generally improves the coupling generally.  
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Fig. 3. Underside of the concept   

In order to ensure that the longitudinal axis of the line array is guided orthogonal to 
the scanning axis while testing, the direction vectors of the robot are read out by a controller 
permanently. The obtained data are passed to the robot, which is able to set the scan axis and 
the longitudinal axis at right angle by the orientation of its 6th axis.    

3. Conclusion and Outlook   

The proposed concept takes the conditional permanent coupling to even and rough surfaces 
into account. A smooth movement and resource-efficient use of a coupling medium is 
ensured by the described concept. The feeding of the couplant through hoses from two sides 
prevents dry areas during testing.    

The next step envisages the implementation of this concept. In experiments the 
compatibility of the end effector in combination with the phased array ultrasonic testing will 
be examined. In further tests the suitability of different materials as a circumferential seal 
will be checked. The resistance of the components in operation is also significant. Next 
investigations are focused on determining the amount of couplant in connection with the 
surface conditions. In addition, the control and the regulation of the couplant feed must be 
planed.      
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