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Abstract 

An eddy current inspection method was developed at the Federal Aviation Administration's 
Airworthiness Assurance NDI Validation Center (AANC) to easily and rapidly detect subsurface 
fatigue cracks in the wheel well fairing on the United States Coast Guard (USCG) HC-130H aircraft 
caused by fatigue. The inspection procedure locates cracks as small as 10.2 millimeters in length at 
2.54 mm below the skin surface at raised fastener sites. The test procedure developed baselined three 
USCG aircraft. Inspection results on the three aircraft reveals good correlation with results made 
during subsequent structural disassembly. 

Background 

The USCG deploys the HC-130H 'Hercules' fixed-wing aircraft for long range surveillance and cargo 
transport to satisfy the needs of the maritime community. The USCG monitors radio coverage on 
distress frequency bands for recreational boats and commercial craft. When emergencies occur, the 
HC-130H is deployed to aid and assist in the search and rescue mission. Other HC-130Hs are 
specifically outfitted to perform other unique functions such as drug interdiction and environmental 
compliance monitoring. The Aircraft Repair & Supply Center (ARSC) is the engineering center for 
the fixed wing aircraft. One role of ARSC is to examine existing or impending problems for the HC- 
130H fleet, then seek solutions based upon scientific advancements in science and technology. 
ARSC has created an aggressive program of research and development in the area of nondestructive 
inspection to support appropriate advancements to the HC-130 maintenance program. ARSC 
concentrates on areas of interest where there is potential for high payoff to increase quality and 
productivity. ARSC then conducts tests and evaluations in conjunction with its support activities, to 
improve its mission effectiveness and efficiency. To this end, ARSC completed a Work-for-Others 
(WFO) agreement with Sandia National Laboratories - AANC. The mutually agreed upon Scope of 
Work specified that AANC would study and recommend nondestructive inspection techniques that 
could help the ARSC better use their assets to extend the service life of their HC-130H fleet. 

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department 
of Energy under Contract DE-AC04-94-AL85000. 

h 

19980406 157 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



Problem History 

One specific task in which AANC was asked to participate was the inspection of a mounting 
installation to accommodate a new Forward Looking Infrared (FLIR) system being added to select 
Coast Guard HC-130H Aircraft. During the FLIR prototype design and operation phase, NDI 
inspections were conducted to insure that the prototype mounts did not show any signs of material 
cracking. A permanent universal FLIR system installation was proposed to be added to several US 
Coast Guard HC-130H aircraft. ARSC contracted with Lockheed Martin to perform complete 
modification design and provide assistance with installation services. A permanent universal FLIR 
mount was designed by Lockheed Martin and installed onto three aircraft (Figure 1). The first flight 
with an operational FLIR was conducted. Cracks were discovered in the skin and supporting 
stiffeners in the right main wheel well fairing after 2.7 hours of flight operations. ASRC was 
concerned that additional cracks were developing in the skin and lower supporting structure. It was 
believed that the change in air flow conditions from the installation of the FLIR created excessive 
skin surface vibration and flutter. The USCG Air Station in Clearwater, Florida repaired the skin 
section of the aircraft. ARSC requested AANC to develop an inspection procedure and document any 
additional structural damage to the aircraft. The main focus of the inspection would be to verify the 
integrity of the lower structural elements from FS 477 to FS 617 and where the wheel well fairing 
fastens to the pressurized fuselage (BL 42). The skin outboard to the air conditioner access door and 
main landing gear door were also included in the inspection area (Figure 2). 
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Figure 1. Permanent universal mount is Figure 2. Inspection area (looking aft) of the 
located internally and the FLIR ball 
is mounted externally. 

FLIR ball. Repair location is where initial 
damage was detected. 

Inspection Development 

The HC-130H aircraft configuration has an outer skin of 1.60 mm thick and attaches to 1.016 mm 
thick channel (forward to aft) or frame (inboard to outboard). The fasteners are button head 
configuration with an outside diameter of 0.737 111111. Figures 3 and 4 display the inspection 
configuration. The inspection area on the HC-130H aircraft contains several meters of aircraft skin 
and over one thousand fasteners sites. Since the inspection technique must penetrate through the outer 
skin and fit over the raised fastener head, it requires a reduction in operating frequency and increase 
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of the coil probe inside diameter. Both these conditions result in a larger detectable crack. Previous 
work from Hagemaier et. al. [ l ,  21 developed frequency versus detectable crack length curves in 
aluminum structures using reflectance probes and documented how to measure crack lengths. 
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Figure 3. Sectional view of the wheel well 
fairing. Button head fasteners are 
not shown. 

Figure 4. Inside view (looking aft) from the 
FLIR ball showing wheel well 
fairing skin and supporting structure. 

The probe selected to inspect the HC-130H structure is a low frequency, flat surface encircling 'ring' 
reflectance-type probe. It has an inside diameter of 0.762 mm, an outside diameter of 19.56 mm and 
operates at 2 kHz. The equipment selected for this inspection is an impedance plane instrument with 
test set-up storage capability. A reference standard was designed and manufactured using 2024 
aluminum (Figure 5). The ring probe and instrument is standardized over a raised fastener site 
containing no flaws. Probe lift-off is rotated to yield a nearly horizontal response on the screen. The 
probe is place over each fastener site on the reference standard and the response is obtained. Figure 6 
displays the signal response from the reference standard at positions A, B, C, and D. After calibration, 
the 'ring' probe is placed over each raised fastener and the inspector monitors the screen for crack 
indications. 
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Figure 5. Reference standard used for calibration. 
Top plate 6.35 x 11.4 x 0.178 cm. 
Bottom plate 5.72 x 8.89 x 0.203 cm. 
EDM notches width 0.152 mm, 
length 12.7 mm. 
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Figure 6. Signals produced on the reference 
standard at all four positions. Displayed 
is the response from a clear fastener and 
EDM notches 1.78 mm below the 
surface. 
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Inspection Results 

Three aircraft were inspected using the developed low frequency eddy current technique. 
The ‘ring’ probe was placed over each fastener and was visually centered. The instrument 
was monitored and any sudden response that was displayed on screen was further 
evaluated. The first aircraft inspected had one corner crack, and eight subsurface fatigue 
cracks. The second aircraft had one corner crack and eight first layer fatigue cracks. The 
third aircraft had one corner crack and one first layer fatigue crack. Each corner crack 
(landing gear door meets the wheel well fairing) was visually found and verified with high 
frequency (100 kHz) eddy inspection. Each first layer fatigue crack was also inspected 
using high fiequency eddy current. 

Conclusions 

As part of a Work-for Others agreement between the USCG and AANC, one area which 
received significant attention resulted in the development, demonstration of capability, and 
drafting of an inspection procedure to identify and document cracks which occurred in a 
HC-130H wheel well fairing after a FLIR system was installed. 

The AANC was able to develop an inspection procedure to detect fatigue cracks on the 
skin of the HC-130H aircraft. The application of this technique proved to be a rapid 
method of determining the presence and extent of cracks in the wheel well fairing structure 
without removing each fastener site in the inspection area. Three HC-130H aircraft at 
USCG Clearwater Air Station were found to have cracks in the wheel well fairing where it 
attaches to the pressurized fuselage. 

Application of this eddy current inspection requires 15 man-hours. Additional advantage of 
using NDI is that it does not require any mechanical disassembly or reassembly. This 
allowed the aircraft to maintain its operational readiness and kept in service and placed in 
an NDI monitoring program. 
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