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Abstract In order to inspect the possible defects in the composite structure of 
helicopter rotor blades, combined neutron- and X-ray radiography and vibration 
diagnostics investigations were performed at the Budapest Research Reactor. The 
rotor blades were about 10 m long, therefore the radiography images were taken in 
several well-adjusted segments, and a special program was developed to reconstruct 
the entire radiographic image from the individually segmented images. Several types 
of defects were discovered using Neutron Radiography: imperfections in the 
honeycomb structure, resin-rich or starved areas at the core-honeycomb surfaces, in-
homogeneities in the adhesive filling, discovering of the corrosion products behind 
the covering and water percolation at the sealing interfaces of the honeycomb 
sections. The localization of structural metal parts were analysed by X-ray 
Radiography. The Statistical Energy Analysis and other Vibration Diagnostics 
methods are capable for localizing small alterations in structural damping. 

1. Introduction 

The affirmation of a structural failure in the rotary wing aircrafts, especially those of the 
rotor blades that can develop to a stage where structural integrity is affected comprises a 
central importance in the safe life testing. In this process the composition assessment, 
checking the rate growth of the defects in respect to the total flight hours are critical. As 
stated or mentioned above demands emphasize the necessity to test and apply non-
destructive testing (NDT) methods for inspection in service [1]. The inspections were 
performed at the Budapest Research Reactor (10 MW). According, to investigate the 
composite structure of the rotor blades, three NDT methods: (i) Neutron Radiography (NR), 
(ii) X-ray Radiography (XR), (iii) Vibration Diagnostics (VD) with Statistical Energy 
Analysis (SEA). These methods collect accessory information on the objects under 
inspection. The NR is able to detect the different kinds of the errors as core-honeycomb 
surfaces, in-homogeneities in the adhesive filling, discovering of the corrosion products 
behind the covering and water percolation at the sealing interfaces of the honeycomb 
sections additional it reveals deviations in the fiberglass/epoxy honeycomb composition. 
The details of metal parts and are shown by XR. The SEA and other VD methods are 
capable for localizing small alterations in structural damping. The investigated objects were 
the rotor blades of Mi-8, Mi-17 and Mi-24 type helicopters. 
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2. Methods 

2.1. Radiography Methods 

The Neutron Radiography gives a possibility to observe the pleasant of the water in the 
objects on extreme conditions. The NR utilizes transmission of radiation to obtain 
information on the structure and/or inner processes of a given object. The basic principle of 
NR is very simple [2]. The object under examination is placed in the path of the incident 
neutron radiation, and the transmitted radiation is detected by a two-dimensional imaging 
which is observed by a low light level (LLL) tv camera for NR. The transmitted intensity of 
the radiation, I, passing through a sample can be written by the general radiation attenuation 
law, as 

h
oeII   

Where Io is the incident intensity, h is the thickness of the sample and  is the attenuation 
coefficient. The attenuation coefficient vs. atomic number is plotted in Figure 1. for neutron 
radiation and for gamma- and X-rays. Its value depends on both the coherent and 
incoherent scattering and on the absorption properties of the element(s). For neutrons  
(represented by black symbols), does not show any regularity as a function of atomic 
number, and for some of the lightest elements (H, B, Li) the attenuation coefficient is by 
more, then two orders of magnitude greater than the corresponding parameter for most of 
the technically important elements, such as Al, Si, Mg, Fe, Cr, and so on. This fact is 
practical importance, the neutrons penetrate almost all metals used for construction 
purposes with little loss in intensity; in contrast they are considerably attenuated in passing 
through materials containing hydrogen, such as water, oil or solutions of hydrogen.  
 

 
Figure 1. Attenuation coefficient (note the logarithmic scale) of elements for neutrons 

(separate dots), for 1 MeV gamma-ray (dotted line), for 150 kV X-ray (solid line) and for 
60 kV X-ray (dashed line) 
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2.2. Vibration Diagnostics  

The phenomena of the energy exchange are shown in the Fig.2. Where K is a constant and 
(a) is the spatial average of acceleration. For SEA measurements a small exciter table 
(BK4810) via an impedance head (BK800) served for the energy input. The registered 
vibration responses were analyzed with a multi-channel real-time frequency analyzer 
(BK2035) [3]. 

 

Fig. 2. Energy Exchange in the Rotor Blade 

During the VD tests the blades were excited at the middlemost sector at the border of the 
metal main holder (spa) and the honeycomb structure and resulted vibration levels were 
picked-up with accelerometers placed at the sectors. The sweep-sine excitation covers the 
1000Hz-9000Hz ranges. The level and other parameters of the vibration were calculated in 
1kHz ranges from the measured spectrums. 

3. Investigated Objects 

Majority of the helicopters, Mi-8, Mi-17 and Mi-24 types in the Hungarian Army’s 
inventory are several decades old and required to continue their service even longer. One of 
the most important parts of them is the rotor blade. They are made of composite structures 
and contain 21 pieces of honeycomb construction (sector) with many bonded surfaces. The 
21 sectors of the rotor blades were divided into 4 bands (A, B, C and D) horizontally and 53 
columns in vertically [4], as it is shown in Fig.3. The key part of the rotor blade comprises 
the aluminum alloy metal main holder (spar) bonded to the honeycomb structure. „A” band 
gives information mainly about the state of trailing edge and the backside stringer. „B” 
band shows the state of the honeycomb structure. State of the bonded area on the 
aluminum-alloy spar is represented by „C” band. The „D” band shows the state of the anti-
ice heater and front edge of the rotor blade. Every exposed picture is characterized by a 
capital letter for the signal of the band and two numbers for selection of the field columns 
to identify its position on the rotor blades. 
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Fig.3. The inner structure of the rotor blade 

4. Experimental Facilities 

The experiments were performed at the Dynamic Radiography Station (DRS) of the 
Budapest reactor [5] where the necessary developmental work, with respect to the sizes of 
the rotor blades, was carried out. As a result, the reconstructed DRS can inspect 10 m long 
and 0.7 m wide targets (its weight is ~140 kg) by NR, XR and VD. The main parameters of 
the DRS are as follows: the neutron flux is 108 ncm-2sec-1,  the collimation ratio (L/D): 
190, the diameter of the beam: 220 mm. The X-ray generator during the measurements had 
150 kV voltages and 3 mA current. The obtained radiography images were converted into 
light one ZnSAg/Li6 scintillator screen for neutron radiography and ZnS scintillator screen 
was used for X-ray radiography. The light images were sensed by a 10-bit CCD Photo 
Science camera (made in UK), cooled by double Peltier module. The camera offers a ~ 100 
m resolution. Imager-Pro Lite Version 3., and IMAN 2 version software were applied for 
digitalization and image processing, respectively. 

The VD measurements were performed before and after the radiography tests. The 
arrangement of the VD measurement is shown in Fig. 2. The vibration sensors were placed 
at given points of the same sectors of blades, where NR and XR were accomplished, and 
the damping characteristics were collaterally studied with the radiography gauging. In 
addition to the Statistical Energy Analysis (SEA) measurement a small exciter table 
(BK4810) and impedance head (BK 8000) were used. The registered vibration noises were 
analyzed with a dual-channel real time frequency analyzer (BK2035). 
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5. Measurement Technology 

The description of the measurement was very prudent regarding the dangerous nature of the 
radiation material testing both neutrons and X-ray. On schedule of the inspection the first 
step was the VD measurement, the second step was an NR inspection in dry condition, the 
third step was the NR inspection in wet condition the moistening procedure is shown in Fig. 
4, the fourth step was the XR test as it is shown in Fig. 5 and the last one another VD 
measurement again. Twenty-eight rotor blades were verified by this inspection technology 
between 2001 and 2004. We are able to declare that we did not experience any harmful 
effect of the radiation techniques.  

 

 
Fig. 4 Moistening procedure before the second NR test 

 

 
Fig. 5  Rotor blade during the XR test 
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5.1. Radiography Measurement 

The measurement dealt to demonstrate the applicability of NR, XR and VD in revealing the 
defects of the composite structure of helicopter rotor blades. The radiography 
measurements were accomplished in three steps. In the first one, the all surface of the blade 
was scanned with NR in dry conditions. In the second one, having the rotor blade being 
moistened, the scanning operation was repeated to follow the penetration sites and 
distribution of water in the composite structures after the moistening procedure. In the third 
one the all surface of the rotor blade is scanned by XR. Regarding the large dimensions (its 
long is almost 10 m) of the rotor blades we had to divide into two parts of the investigated 
surface. The first one contains of the exposure fields from the end of the blade to the 
symmetry axis. After it is necessary to turn on the other side of the blades. In the second 
part of the scanning procedure we study from the driver end of the blade to the symmetry 
axis. 4 X 53 exposed pictures were collected in every radiography inspection step. The 
whole helicopter rotor blade was characterized by 636 exposed pictures after the 
radiography measurements. A self developed reconstruction method solved the well 
determinate composition (Rotor Puzzle software) of the whole rotor blade surface in three 
versions according to the measurement technology  [3]. The efficiency  of the moistening 
procedure is demonstrated by Fig. 4. where the NR picture of the C27 picture field in dry 
(Fig. 4/a) and in wet (Fig. 4/b) state. 

 

Fig. 4/a The NR picture of C27 exposed 
picture field in dry state 

 

Fig. 4/b The NR picture field of C27 after 
the moistening procedure  

 
Damage caused by splinters may happen during flight missions. In our practice we met 
such type of defect caused during a gunnery practice. Although the defect was repaired by 
the maintainers, a small piece of splinter was not detected by them and thus it was not 
removed, as it may be seen in Fig. 5/a NR- and Fig. 5/b XR pictures. In the NR image the 
resin rich spots are as dark as the metal inclusion, while the XR image provides a dark 
contrast only for heavy element with large X-ray attenuation, as it is visible on the right-up 
corner. 
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Fig. 5/a The NR picture B35 exposed 
picture field with the reparation area. The 

resin rich areas give darker contrast. 

 
 

Fig.5/b XR picture B35 exposed picture 
field with the reparation area. The resin 

rich area hardly see but the metal inclusion 
is visible on the right-up corner 

 

5.2. Vibration Diagnostics Measurement 

The VD measurements were carried out before and after the radiographic tests. Thus the 
effect of penetrated water has been studied with this method too. During the VD tests the 
blades were excited at the middlemost sector at the border of the metal main holder and the 
honeycomb structure and resulted vibration levels were picked-up with accelerometers 
placed at the sectors. The sweep-sine excitation covers the 1000Hz-9000Hz ranges.  The 
level and other parameters of the vibration were calculated in 1kHz ranges from the 
measured spectrums. The STD/AVR of frequency band is visible in Fig. 6 depending on the 
position of rotor blade. The STD is the standard deviation and the AVR is the average. The 
VD measurement is able to detect the rough errors in the rotor blade. Both the water 
percolation (C27) and place of the reparation (B35) are distinguishable. 

 
 

Fig.6. Standard deviation of the of the relative vibration levels of the 1kHz bands of the 
sectors. 
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6. Conclusion 

For investigating the composite structure of rotor blades in order to asses the degree of 
structural failures causing primary and secondary water penetrations Neutron Radiography, 
(ii)  X-ray Radiography, and (iii) Vibration Diagnostics with Statistical Energy Analysis 
were concurrently applied. Also the structural integrity of a repaired region of the 
honeycomb fiber/epoxy blade was studied. The characterization of the defects are given by 
[1] and [6] publications. 
The most important points of our study have been the visualisation of the possible 
imperfections in the honeycomb structure, like: 
 
 Inhomogeneities of the resin materials (resin-rich or starved areas) at the core-

honeycomb surfaces;  
 Defects at the adhesive filling;  
 Water percolation at the sealing interfaces of the honeycomb sections;  
 Quality control of resin-rich mended areas; 
 Verification of the position of metal parts (inclusion) by X-ray; 
 Corrosion effects. 
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