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Abstract

The Federal Aviation Administration’s Airworthiness Assurance NDI Validation Center (AANC) is
currently conducting experiments with Level 4, Method B penetrant on low cycle fatigue specimens.
The main focus of these experiments is to document the affect on penetrant brightness readings by
varying inspection parameters. This paper discusses the results of changing drying temperature, drying
time, and dwell time of both penetrant and emulsifier on low cycle fatigue specimens.

Creation of Low Cycle Fatigue Cracks

Several low cycle fatigue specimens were manufactured by the Center of Aviation Systems Reliability
(CASR) with fixed crack lengths between 0.762 mm and 1.27 mm. The specimens were manufactured
in a manner, which produces cracks having a crack length to depth ratio of two [1]. These low cycle
fatigue cracks are generated at room temperature using an MTS 22 kip load frame fitted with a 3 point-
bending fixture. A computer controlled servo-hydraulic system is 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 0/0 of the material yield stress.

The crack starter defect is monitored with a light microscope at 40x magnification. Once a crack is
detected, the specimen is removed from the machine for crack length measurements. The specimens are
stressed in a three-point bending fixture to open the cracks and enhance detection. Crack length
measurements are taken at 65x magnification. If the crack length is between the target range the
specimen is machined to remove the crack initiation site [2]. When the cracks form, they often take on
the shape of slightly more than half circle. As the starter defect is removed from the surface, the crack
length initially gets longer. As material removal continues, the crack length decreases. Once the
machine tool gets beyond the half-circle point, the aspect ratio becomes relatively constant. In the
CASR produced test panels, the specimens have less than 0.127 millimeters removed from the surface
after the cracks were grown. After final machining, the sample is measured again to determine the final
crack length.

Baseline Experiments

Six test panels were selected for the experiments. The baseline experiment is the process developed and
used by Wright Laboratory to categorize penetrant sensitivities as defined by AMS2644, Qualification
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of Penetrant Inspection Materials [3]. Table 1 describes the inspection steps for the Type 1Level 4
Method B penetrants.

Table 1. Baseline Test Parameters

] PenetrantDwell I Dip and then drain for 5 minutes at a 60° angle I
I Emulsification I Dip and then drain for 2 minutes I
I Wash I Spray under backlight until visible fluorescence is gone, for up to 2 minutes I

Dry 5 minutes in oven 51.6 ‘C (125°F + 5 maximum)

Developer Dip in dry powder developer and allow a minimum dwell of 5 minutes

The baseline tests are conducted in order to determine if consistent brightness readings could be
established for each test panel. Each crack is centered in the eyepiece of a ‘PhotoResearch Spot meter. A
brightness value is measured and recorded. The fatigue crack is then moved out of the field of view and
a background brightness value is measured and recorded. The background value is then subtracted from
the initial brightness value and entered into a computer database. After the baseline inspection is
conducted and the brightness readings are deemed consistent, operating parameters used in the baseline
are altered. A total of ten inspections are conducted for each experiment and the inspection results
(brightness values) are averaged. Table 2 describes the layout of each experiment and documents which
operating variable is altered.

TABLE 2. Experimental Test Conditions

Experiment # Description of Inspection Changes

I 1 I Baseline (from Table 1 listed above) I
2 I Drying temperature changed to 40.6 ‘C (105 “F same dry time as #1)

3 Drying temperature changed to 62.8 ‘C (145 ‘F same dry time as #1)

4 Drying temperature changed to 73.9‘C(165 “F Same dry time as #1)

5 Baseline

6 Dwell times of penetrant (1Omin.) and emulsifier (4 min.) doubled, the drying
and developer times stayed the same, as did drying temperature.

7 Drying temperature changed to 40.6 ‘C (105 ‘F), dry time doubled to 10 min.

8 Drying temperature changed to 62.8 ‘C (145 ‘F), dry time doubled to 10 min.

I 9 I Drying temperature changed to 73.9 ‘C (165 ‘F), dry time doubled to 10 min. I

I 10 I Baseline I

Penetrant Brightness Characterization

The mean and standard deviation for the each test panel is calculated. These values are checked
accuracy and consistency. Table 3 displays experimental test results of the brightness readings for
six sample test panels.
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Table 3. Brightness Reading Test Results

Exp. # Panel N

W

I 3 I 10.12

E
7 4.73

8 6.79

9 4.67

f 1

mber and Brightness Reading (Ft/Lambert’s)
23 30 37 42 62

5.08 34.72 40.9 56.03 12.77
1 1 ! 1

4.14 23.9 58.7 49.0 10.7

7.38 I 33.57 I 30.77
I

66.13 I 3.22
I

6.43 10.45 45.62 47.23 3.27

6.12 37.25 35.4 49.89 12.28

5.86 39.28 65.0 50.9 7.61

5.43 7.93 48.17 51.71 3.51

4.01 25.0 23.01 43.07 7.99

5.09 10.52 13.16 30.82 3.98

4.78 35.15 31.6 51.95 10.61

Note: Bold brightness readings denote a decreased after each test run. This suggests that the
cleaning solvent is contaminated.

Crack Characterization Using a Scanning Electron Microscope

The sample calibration panels were examined using a scanning electron microscope at 1000 X
magnification. Panel #11 does not reveal surface dislocations at the crack initiation site. No surface
dislocations are present near the plastic zone at each crack tip. This crack has very consistent
brightness readings for all the different experiments. Panel #23 does not reveal any surface
dislocations near the initiation site. No surface dislocations are ‘present near the plastic zone at each
crack tip. This crack has very consistent brightness readings for all the different experiments. Panel
#30 does not reveal any surface dislocations near the initiation site. No surface dislocations are
present near the plastic zone at each crack tip. However, there are several voids (vacancies) and slip
planes are present throughout the length of the crack. This crack has very consistent brightness
readings for all penetrant experiments. Panel #37 does not reveal surface dislocations near the
initiation site. No surface dislocations are present near the plastic zone at each crack tip. Panel #42
does not reveal any surface dislocations at the crack initiation site. No surface dislocations are present
near the plastic zone at each crack tip. However, this crack has a large crack opening (width) near the
center of the crack and narrows near both ends. Panel #62 does not reveal any surface dislocations
near the initiation site. No surface dislocations are present near the plastic zone at each crack tip. This
crack has very consistent brightness readings for all the different experiments. Table, 4 presents each
panel number and its measured crack length.
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Table 4. Crack lengths of sample calibration panels

11 1.16rnm 30 1.12mm 42 1.02 mm

23 0.86 mm 37 1.08 mm 62 1.17mrn

Conclusions

Panels #23 and #62 have the lowest brightness readings and have the shortest and longest measured
crack length, respectively. This signifies that both cracks are shallow and have a large (greater than
two) length-to-depth (L/D) ratio. Panels #30 and #37 produce similar brightness readings. Since both
cracks have sufficient length, they must have a LID ratio near two. Panel #11 is one of the largest
cracks and lowest brightness readings. This signifies that it is a shallow crack and has a large L/D ratio.
Panel #42 has a wide crack opening and highest baseline brightness reading. This signifies that the
crack has a greater depth near the center of the test panel than near the crack tip.

Each sample calibration panel displays consistent brightness readings for the baseline experiments. As
the drying temperature is lowered to 40.6 “C, the measured brightness values decreased. Except Panel
#11, which remained the same. As drying temperatures increased to 62.8 “C, the measured brightness
values increased for #23 and #42 and decreased for #37 and #62. Panels #11 and #30 remained the
same. As the drying temperatures increased to 73.9 “C, the measured brightness values decreased for
#11, #30, #42 and #62, and increased for panels #23 and #37. As the penetrant dwell time and Post-
Emulsification time doubled, the measured brightness readings decreased for #11 and #62, and
increased for #3 Oand #37. Panels #23 and #42 remained the same.
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