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Abstract 

The Federal Aviation Administration’s Airworthiness Assurance NDI Validation Center (AANC) 
and the Center for Aviation Systems Reliability (CASR) are currently working to develop a liquid 
penetrant inspection (LPI) system evaluation capability that will support the needs of the penetrant 
manufactures, commercial airline industry and the FAA. The main focus of this facility is to 
support the evaluation of penetrant inspection materials, penetrant systems and to apply resources to 
support industry needs. This paper discusses efforts to create such a facility and an initial project to 
produce fatigue crack specimens for evaluation of Type 1 penetrant sensitivities. 

Background 

CASR was established at Iowa State University in 1990 and provides quantitative NDE techniques 
and prototypes that assure the airworthiness and reliability of aviation systems. The FAA-AANC 
was established at Sandia National Laboratories by the FAA William J. Hughes Technical Center 
Atlantic City, New Jersey. in August 1991 and is housed in a hangar at the Albuquerque 
International Airport. AANC’s major role is to study and validate nondestructive inspection 
techniques and assess advanced inspection technologies. AANC and CASR developed a project 
plan to study the penetrant evaluation process at Wright Labs. To accomplish this task, five sets of 
six specimens have been produced with fixed cracks lengths between 0.762 mm and 1.27 mm 
(0.030” & 0.050”). The specimens were manufactured in a manner which produces cracks having a 
crack length to depth aspect ratio of 2. Following are the steps taken to create the test specimens 
and how these specimens have been analyzed by Wright Laboratory and AANC. 

Manufacturing of Penetrant Reference Crack Specimens 

The specimens were produced from 6.35 mm thick Ti-6A1-4V plate procured to ASTM-B-265, 
Grade 5. This material was one of the two materials used by Wright Labs to produce the current set 
of qualification specimens. It was selected for its high corrosion resistance and availability. The 
specimens were machined into blocks measuring 1.52 cm by 25.4 mm by 6.35 mm. One side of 
each specimen was arbitrarily chosen as the face to introduce the fatigue cracks. The center section 
of this surface was smoothed by sanding and then followed by polishing with three micron 
aluminum oxide powder. The edges along the 1.52 cm dimension were slightly rounded to 
illuminate stress points that could result in undesired crack initiation during fatigue loading. 

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. 
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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, recum- 
mendtation. 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. 



A variety of defects were evaluated as stress risers to initiate crack growth. Spot welding was found 
to work for this application. Spot welds were easy to produce and almost always resulted in the 
initiation of a single crack. The spot weld damage was produced by a Fuse-Tec Welder which has a 
variable heat setting that controls the amount of applied current and a variable time setting that 
controls the current duration. Through experimentation, a heat and time set was arrived at that 
produced an area of damage about 2.54 mm in diameter. This damaged consists of an area of recast 
metal and the surrounding heat affected zone (Figure 1). With this degree of damage, fatigue cracks 
were found to initiate and grow to a detectable size between 20,000 to 50,000 cycles. 

These low cycle fatigue cracks were generated at room temperature using an MTS 22,000 load 
frame fitted with a 3 point bend fixture. A computer controlled servo-hydraulic system was used to 
generate sine wave cyclic loading. An R ratio of 0.1 was used with the maximum load set to 
produce a bending stress of approximately 80 % of the material yield stress. 

The crack starter defect was monitored with a light microscope at 40x magnification. Once a crack 
was detected, the specimen was removed from the machine for crack length measurements. The 
specimens were stressed in a three point bend fixture to open the cracks and enhance detection. 
Crack length measurements were taken at 65x magnification. If the crack length was between the 
target range the specimen was machined to remove the crack initiation site. After final machining, 
the sample was stressed open again and measured to determine the final crack length. 

AANC Penetrant Inspection Facility 

AANC acquired a five station penetrant inspection line to support this FAA project. This inspection 
line consists of: an penetrant application and drain, penetrant removal, drying, development, and 
inspection station. A PhotoResearch 1500 spot meter was also procured. This device is the 
principle diagnostic instrument for quantitative evaluation of penetrant system sensitivity (Figure 2). 
The facility is in its final stage of development and will be ready for use early next year. 

Figure 1. Microphotograph of spot weld damage 
used as a stress riser to initiate the fatigue cracks. 

Figure 2. Spot meter measuring fluorescent 
penetrant indication on Ti-6A1-4V specimens. 
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Evaluation of Reference Crack Specimens 

In the Fall of 1996, AANC and CASR personnel traveled to Dayton, Ohio to visit Wright Labs. 
The purpose of this trip was to observe the sample calibration cracks undergo the penetrant 
calibration process as defined by MIL-1-25 135E (Note: this military specification is being 
replaced by AMs 2644). Six Ti-6A1-4V sample calibration blocks were run through Type 1 
(Fluorescent Dye) Method B (Post Emulsifiable, Lipophilic) Level 4 (Sensitivity Ultrahigh) 
penetrant. Following are the steps taken during the sample evaluation process: 

The samples were dipped and drained. Each sample was set at a 60" angle in a drain tank for 5 
minutes; dipped in emulsifier and drained for 2 minutes; water washed (25 psi, 70 OF) under a 
black light until the fluorescence was removed (up to 2 minutes); inserted in a fixture and placed 
in a forced air dryer for 5 minutes at 125°F; and stirred in developer. Dwell time was 5 minutes. 

The six samples were then placed on a bench top. Each sample was positioned on a movable stage 
and a PhotoResearch 1500 Spot meter evaluated the brightness of the fatigue crack in each sample. 
The spot meter has a 60" angle of incidence to the specimen. This projects a 0.762 mm by 2.45 mm 
spot in the field of view. Each crack was centered in the eyepiece spot and a brightness 
measurement was recorded. Table 1 is the initial readings for the first set of reference crack 
specimens which is presented as an example of the data collected. 

Table 1. Initial Brightness Reading for the Sample Reference Crack Specimens 

Sample Number Brightness FtLamberts 
1 30.4 Note: The sum of brightness 
13 4.1 values is 13 1 Faamberts. 
14 25.0 The brightness values are 
15 32.2 added and the value ranks the 
18 38.4 penetrant sensitivity. 
19 0.5 

Specimens which yield low values with level 4 penetrant are too small to measure with lower 
sensitivity systems. Therefore, it was decided to etch sample #19 and determine if the crack had 
been smeared during the final machining process. Sample #19 was obscured by metal smearing 
during the final machining operation. These specimens have been processed through the 
penetrant evaluation several times and found to produce repeatable values. Final evaluation of 
these samples is not yet complete, but will be conducted in the future and the results presented. 

Summary 

AANC and CASR are conducting a program to create a penetrant inspection facility. This 
facility will serve as a resource to the penetrant manufactures, commercial airline industry, and 
the FAA. The program will study and evaluate penetrant system issues. The five sets of six 
specimens with small low fatigue cycle cracks have been produced for use in penetrant 
evaluations. The FPI facility at AANC will soon be fully operational. 


