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1. ACCIDENT INFORMATION

Place . Alexandria, Louisiana
Date . April 20, 2018
Vehicle : Boeing MD-83, N8O7WA

NTSB No. : DCA18FA144
Investigator : Lorenda Ward, AS-10

2. COMPONENTS EXAMINED

Fractured remnants of a main landing gear assembly

3. DETAILS OF THE EXAMINATION

This NTSB Materials Laboratory Addendum Report details the fatigue analysis
performed on the thumbnail crack on the upper fracture surface of the landing gear cylinder
(see Figure 1). Using a scanning electron microscope (SEM) the thumbnail crack was
measured as being 0.035 inches (0.89 mm) in depth and 0.072 inches (1.84 mm) in length.

The fatigue striation counts were taken at over 14 random, unique, and non-
duplicated places on the fracture surface, with the distances from the initiation site
recorded as well. The distances were measured using a field emission scanning electron
microscope (FESEM). These locations and the measurements are shown in Figure 3
through Figure 16. No measurements were taken in the noted overstress bands, located
at approximate depths of 0.022 inch (0.56 mm), 0.030 inch (0.76 mm), and 0.033 inch
(0.83 mm).

Using a FESEM, a number of striations were counted, and the distance of the
counted striations was measured. This analysis assumed that each counted striation (a
feature consistent with crack growth) correlated directly to a landing cycle with no other
comparable stresses (such as from braking or vibrations). The analysis also assumed that
sampled regions were representative regions of fatigue crack growth at each particular
crack depth, the fracture surface was flat, and that the fatigue striation spacing increased
with crack depth. The summary of the results is recorded in Table | and converted to inches
in Table I1.
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The data in the tables show the measured distance for the origin, the number of
striations counted, the distance measured in the striation count, and then the calculated
change in crack length over number of cycles (da/dN), from which the cumulative number
of cycles was determined. For this fatigue crack, the total number of cycles was estimated
to be 1774 cycles for the depth of the crack 0.035 inches (0.89 mm). The length of the
crack for the depth of the end of the crack was measured as 0.072 inches (1.82 mm). This
ratio of final crack length to final crack width (2.042) was used to calculate an estimated
crack length for each sample depth, tabulated in both tables.

Of interest to the study was the estimated crack length at the time of the last
inspection. The number of cumulative cycles versus crack depth was plotted in Figure 17.
A linear regression of the data was performed, with the data in over 99% agreement. Using
the regression formula, the crack depth at 218 cycles prior to the end of the crack (1556
cycles) was 0.029 inches (0.738 mm). The estimated crack length at this time would have
been 0.059 inches (1.507 mm).

Erik M Mueller
Materials Research Engineer
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Table 1 — Compiled data of the fatigue analysis on the fatigue crack, showing the individual
striations counted and distance measured for each micrograph site (2 through 15), in metric
units. The crack length at each increment was determined to be 2.042 the measured depth,
based on the shape ratio of the thumbnail crack.

Length
Distance Distance of of
from Crack Incre- | Striations Distance marker marker Increment Total
Photo Origin Length ment counted of count measured bar da/dN Cycles Cycles
# (mm) (mm) (mm) # (mm) (mm) (um) (um/cycle) # #
0 0 Origin 0 0
11 0.010 0.020 0.010 8 245 68.2 8 0.359 27.8 27.8
13 0.015 0.031 0.005 10 37.2 68.8 10 0.541 9.2 37.1
12 0.035 0.071 0.020 10 24.2 67.2 10 0.360 55.5 92.6
10 0.055 0.112 0.020 10 22 68 10 0.324 61.8 154.4
14 0.089 0.182 0.034 6 14.8 70 10 0.352 96.5 250.9
9 0.111 0.227 0.022 8 14.3 68.6 20 0.521 42.2 293.1
15 0.215 0.439 0.104 10 37.8 65.9 10 0.574 181.3 474.5
5 0.254 0.519 0.039 9 22 45.5 10 0.537 72.6 547.0
8 0.343 0.700 0.089 11 19 69 20 0.501 177.8 724.8
4 0.389 0.794 0.046 10 30.5 66.5 20 0.917 50.1 775.0
7 0.436 0.890 0.047 10 22 67 10 0.328 143.1 918.1
6 0.475 0.970 0.039 7 19.5 67.5 10 0.413 94.5 1012.6
3 0.734 1.499 0.259 10 29 66 10 0.439 589.4 1602.0
2 0.854 1.744 0.120 9 43.2 69 10 0.696 1725 1774.5
Total 0.890 1.818 1774.5
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Table 2 — Compiled data of the fatigue analysis on the fatigue crack, showing the individual
striations counted and distance measured for each micrograph site (2 through 15), in inches.
The crack length at each increment was determined to be 2.042 the measured depth, based
on the shape ratio of the thumbnail crack.

Length
Distance Distance of of
from Crack Incre- | Striations Distance marker marker Increment Total
Photo Origin Length ment counted of count measured bar da/dN Cycles Cycles
# (in) (in) (in) # (in) (in) (in) (in/cycle) # #
0 0 Origin 0 0
0.000 0.964566 0.0003 1.4143E-
11 0.00039 0.0008 39 8 929 2.68503937 14961 05 27.8 27.8
0.000 1.464566 0.0003 2.1287E-
13 0.00059 0.0012 20 10 929 2.708661417 93701 05 9.2 37.1
0.000 0.952755 0.0003 1.4178E-
12 0.00138 0.0028 79 10 906 2.645669291 93701 05 55.5 92.6
0.000 0.866141 0.0003 1.2737E-
10 0.00217 0.0044 79 10 732 2.677165354 93701 05 61.8 154.4
0.001 0.582677 0.0003 1.3873E-
14 0.00350 0.0071 34 6 165 2.755905512 93701 05 96.5 250.9
0.000 0.562992 0.0007 2.0517E-
9 0.00437 0.0089 87 8 126 2.700787402 87402 05 42.2 293.1
0.004 1.488188 0.0003 2.2583E-
15 0.00846 0.0172 09 10 976 2.594488189 93701 05 181.3 4745
0.001 0.866141 0.0003 2.1151E-
5 0.01000 0.0204 54 9 732 1.791338583 93701 05 72.6 547.0
0.003 0.748031 0.0007 1.9711E-
8 0.01350 0.0275 50 11 496 2.716535433 87402 05 177.8 724.8
0.001 1.200787 0.0007 3.6114E-
4 0.01531 0.0312 81 10 402 2.618110236 87402 05 50.1 775.0
0.001 0.866141 0.0003 1.2927E-
7 0.01717 0.0350 85 10 732 2.637795276 93701 05 143.1 918.1
0.001 0.767716 0.0003 1.6248E-
6 0.01870 0.0381 54 7 535 2.657480315 93701 05 94.5 1012.6
0.010 1.141732 0.0003 1.7299E-
3 0.02890 0.0590 20 10 283 2.598425197 93701 05 589.4 1602.0
0.004 1.700787 0.0003 2.7388E-
2 0.03362 0.0686 72 9 402 2.716535433 93701 05 172.5 1774.5
Total 0.035 0.0716 1774.5
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Figure 1 — Secondary electron (SE) micrograph of the thumbnail-shaped fatigue crack on the
lower fracture surface, with relative locations of the 15 micrographs in Figure 3 through Figure
16 labeled.
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Figure 2 — SE micrograph showing the measured depth and length of the thumbnail crack.
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Figure 4 — SE micrograph with striation measurements at site 3 on the fracture surface.
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Figure 6 — SE micrograph with striation measurements at site 5 on the fracture surface.
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Figure 8 — SE micrograph with striation measurements at site 7 on the fracture surface.
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Figure 10 — SE micrograph with striation measurements at site 9 on the fracture surface.
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Figure 12 — SE micrograph with striation measurements at site 11 on the fracture surface.
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Figure 14 — SE micrograph with striation measurements at site 13 on the fracture surface.
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Figure 15 — SE micrograph with striation measurements at site 14 on the fracture surface.
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Figure 16 — SE micrograph with striation measurements at site 15 on the fracture surface.
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Figure 17 — Plot of the cumulative calculated number of cycles (based on striation count) per
depth counted. The data was fitted to a linear regression, with the formula and R? information
on the chart.
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