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Abstract. The increase in quantity and informational value of inspections being 
performed on-wing increases the functional reliability of (jet) engines, 
simultaneously reducing costs due to shorter cycles of nonoperation. This paper 
presents future potentials of NDT methods. In particular, remote visual inspection is 
classified as an integral part of the future on-wing inspection by presenting a 
continuous process chain with the steps “first evaluation”, “cleaning”, “maintenance 
decision”, “tooling and repair”, “measurement and testing”, “documentation and 
decision”.  
 Topic of this oral presentation is the method to inspect and to measure surface 
defects up to 50 µm in size with accuracies of +/- 5 µm. Currently available 
endoscopic solutions do not allow this kind of defect measuring. 
 In order to illustrate the applied practices, examination results in the field of 
high precision defect measurement at compressor blades are presented. A patented 
optical system, that allows overview and measuring in one, has been integrated 
together with an optical projection system into a measuring head with a size of only 
6 mm outer diameter and 20 mm length The miniaturized measuring head has been 
mounted in a steerable flexible videoscope with chip in the tip (CIT) technology to 
serve as a first applicable demonstrator. 
 Finally, an example is shown to demonstrate the difficulty of reproducibly 
differentiating ordinary scratches or deposits on the surface from cracks that result 
in a weakening of the component, and to reproducibly qualify the structure. 
Consequentially, decisions based on verified findings can be taken about deducing 
maintenance tasks on-wing or – associated with longer periods of nonoperation – 
changing the engine. This increase in decision-making reliability help to reduce 
wrong decisions as well as to approach acceptance limits of defect measurement to 
design acceptance limits. Thus, unnecessary costs and times of nonoperation can be 
avoided. 
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1. Introduction 

The development of a miniaturized endoscopic measurement technique for the inspection 
of microscopic defects is an important task in many technical areas and in the field of 
medicine. Modern endoscopes are based on imaging sensors with related optics placed in 
the tip of the endoscope (CIT technology). This principle offers mechanical flexibility and a 
high optical resolution [1]. On the other hand, it is a new challenge in the area of optic 
design and mechanical layout. To integrate a 3D measurement technique in an endoscope, 
it is necessary to design a system which efficiently utilize the limited space and to integrate 
a reasonable optic to measure with high precision [2]. Therefore, we developed a 3D 
measurement endoscope based on triangulation, which contains two individual optical 
systems, the imaging system with optics and image sensor as well as the projector with 
optics and illumination system. To generate the periodical pattern, a grid is projected with 
different spatial frequencies to the object. The image, captured by the imaging system 
under a certain triangulation angle contains depth and lateral information of the object. 

2. Concept 

The first concept considers the results of the simulations and the opto-mechanical design 
rules [3, 4]. Therefore, predesigns of the optical systems were combined with CAD 
constructions. With this concept, we determined the distance between the optical axis of the 
camera system and projection system to 2.5 mm, related to a working distance of 4 mm to 
reach a triangulation angle as demanded. Further, we analysed the mechanical constraints 
which are strongly connected with fabrication tolerances and integrated mounts for the 
optical components. Figure 1 shows the combination of the CAD mechanic setup and 
raytracing data. Additionally, we designed the grid structure including a reference mark at 
the centre and grid pitches in the object plan of 5.45 µm and 11.8 µm. A silica substrate 
with structured chrome coating was used in order to produce the grid. To guarantee good 
light conditions at the area of interest we integrated on both sides of the endoscope fibre 
bundles witch are coupled to a white light source. At the pupil position, a line filter with a 
centre wavelength of そ = 633 nm and full width half maximum of 10 nm is positioned. 
Moreover, a hole with a diameter of 200 µm is added into the filter. Thus, we could achieve 
a wavelength dependent numerical aperture, which is adjustable by changing the 
wavelength of the incoming light. This technology enables to control depth of field and 
optical resolution of the optical system [5]. Thereby, the endoscope can be used in 
measurement mode with high optical resolution and low depth of field or in inspection 
mode with low resolution and higher depth of field.  

 

 

 

 

 
Figure 1. CAD model with raytracing data, including following components: 1: image sensor with camera 
board, 2: imaging lens system, 3: line filter 4: light source, 5: condenser, 6: grid with substrate; 7: projector 

lens system; 8: object to be measured. 
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3. Results 

The measurement precision has been successfully confirmed in laboratory environment 
with a test piece including defects from 30 たm to 100 たm depth. In figure 2 illustrated is a 
prototype of the endoscopic measurement system. It includes full manual control of the 
mechanical flexible components as well as electronical and optical connectors.  

 
Figure 2. Image of a built-up prototype the endoscopic measurement system 

In addition to that, we checked the accessibility and capability by using the prototype of the 
endoscope on real engines. Figure 3 and 4 show the results of an endoscope inspecting and 
measuring a defect with a depth of 85 µm and a lateral size of 239µm. This gives a 
reasonable example of the sensitivity of this 3D measurement endoscope. The pattern 
transformation due to the surface structure is clearly recognizable and the results are in 
good agreement with silicone imprints as reference. 

a  b  
  

Figure 3. Illustration of a defect in a: inspection mode; b: measurement mode.  

 

 Figure 4. Line scan of a defect similar to figure 3b.  
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4. Conclusion 

With the proposed measurement system, built up as an endoscopic system with flexible 
properties, we are capable of performing high precision measurements of difficult to access 
parts of machines. The combination of CAD and raytrace data analyse were used for best 
utilize the limited space available. We integrated two individual optics with different 
functions. The imaging system shows decent optical performance and the adjustable depth 
of field gives the user the opportunity to choose between resolution and depth of field. 
However, the next step is to improve the setup of the optical filter, used as the aperture. 
Therefore we will integrate mask coatings on the filter to avoid scattering light. 
Furthermore we will extend the endoscopic system with different viewing angles. 
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