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A. ACCIDENT INFORMATION

Place : Bath, New York
Date . August 31, 2013
Vehicle : Bell 407, N11SP

NTSB No. : ERA12TA538
Investigator : Brian Rayner, ASI-ERA

B. COMPONENTS EXAMINED

1) Tail rotor driveshaft assembly;
2) Pitch change link (orange) with two P/N and S/N tags;
a. P/N: 406-010-413-131, S/N: A-9557;
b. P/N: 406-010-413-133, S/N: A-9458;
3) Pitch change link (green) with piece of fractured horn attached and with two P/N and
S/N tags;
a. P/N: 406-010-413-131, S/N: A-9549;
b. P/N: 406-010-413-133, S/N: A-9469;
4) Fragment of splined material,
5) Fractured piece of left side upper tailboom attachment bolt, NAS626;
6) Fractured piece of left side lower tailboom attachment bolt, NAS627.

C. DETAILS OF THE EXAMINATION

The components that are listed above were received the NTSB Materials
Laboratory as shown in figures la — d. The tail rotor driveshaft assembly (figure 1a)
exhibited some impact damage on some of the splines at one end but otherwise
exhibited no other damage or defects. A fragment of material (figure 1c) was received
that had splines on one side that mated to the splined end of the driveshaft. The splines
were deformed and the fragment had rough fracture surfaces consistent with overstress
fractures.

The rod end on one end of the green pitch change link was bent (figure 1b) and
the pitch change horn at the other end was fractured (figure 2). The fracture surface had
a rough appearance which was consistent with an overstress fracture.

The rod end on the orange pitch change link was bent and fractured (figures 1b
and 3a). The fracture surface is shown in figure 3b. The point along the outer radius of
the bent rod is labelled “al” and the point along the inner radius of the bent rod is
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labelled “a2.” At approximately two-thirds of the distance across the rod diameter, the
appearance of the fracture surface changed as indicated by the yellow-dashed line in
the figure. Between point al and the line, the fracture surface had a darker appearance
and exhibited coarsely spaced crack propagation marks, nominally parallel to the
dashed line, that were consistent with high-amplitude fatigue.! From the dashed line to
point a2, the fracture had a rough appearance and a lighter color and was consistent
with an overstress fracture. Taken as a whole, the features were consistent with a crack
that started on the outer bend of the rod end at the root of a thread (point al) and
propagated partway across the rod in high-amplitude fatigue before fracturing in
overstress across the remainder of the rod (ending at point a2).

The left side upper and lower tailboom attachment bolts were bent and fractured
at the first thread below the shank (figure 1d). Each bolt is installed with the bolt head
oriented toward the aft end of the boom (figure 4). The fracture surfaces of the upper
and lower bolts are shown in figures 5a and 5b, respectively. The points along the inner
radius of the bend are labelled “b1” and “c1” and the points along the outer radius of the
bend are labelled “b2” and “c2” for the upper and lower bolts, respectively. Both fracture
surfaces exhibited coarse striations across approximately 73% of the fracture surface,
consistent with fatigue, followed by overstress fracture of the remaining ligament. For
the upper bolt, the orientation of the striations was consistent with the crack initiating
approximately 45° clockwise of the point b1, as shown in figure 5a. For the lower bolt,
the orientation of the striations was consistent with the crack initiating approximately 45°
clockwise of the point c2, as shown in figure 5b. There were no apparent defects where
each crack initiated.

Donald Kramer, Ph.D.
Sr. Materials Engineer

! High amplitude fatigue is caused by forces that vary with each revolution of the drivetrain (or some multiple
thereof), similar to high-cycle fatigue, but the magnitude of the forces exceeds those encountered during
normal operation.
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Figure 1: a) Tail rotor driveshaft assembly; b) green pitch change link with piece of fractured
horn attached and orange pitch change link with fractured rod end,
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Figure 1 (cont.): c) fragment of material with splines on convex surface; and d) upper left and
lower left tailboom attachment bolts.
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Figure 2: Image of the fractured pitch change horn attached to the green pitch change link.
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Figure 3: Images of the fractured rod end from the orange pitch change link; a) side view and
b) view of fractured end.
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Figure 4: lllustration showing the installation orientation of the tailboom attachment bolts.
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Figure 5: a) Image of the upper tailboom attachment bolt fracture surface looking aft and
b) image of the lower tailboom attachment bolt fracture surface looking aft.
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