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Fractured Second Stage Planet Gear S/N 10-1292
Initial Examination

QINETIQ

Fractured Second Stage Planet Gear
As received

FE13962 - 13% Teeth, 0.571kg FE13961 - 12% Teeth, 0.535kg
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26 teeth present on fragments, an intact 2" stage planet has 51 teeth.
Fractured samples account for approximately 51% by weight. QlNETlQ
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Fractured Second Stage Planet Gear
Sample FE13961 — As Received
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Fractured Second Stage Planet Gear
Sample FE13961 — As Received
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SEM examination of the as-received fracture surface
shows indications of fatigue (B & C) along with areas
of corrosion (A).

QINETIQ
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Fractured Second Stage Planet Gear
As received
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All remaining 29 stage planet gear fracture surfaces exhibit ductile overload failure

QINETIQ

Fractured Second Stage Planet Gear S/N 10-1292
Through Thickness Fracture
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Fractured Second Stage Planet Gear
Sample FE13961 — After Cleaning

Cleaning of fracture surface using a combination of acetate replica stripping and inhibited
HCI solution with ultrasonic agitation.
Crack arrest marks visible on fracture surface after cleaning.

QINETIQ

Fractured Second Stage Planet Gear
Sample FE13961 — Summary of Macro Mark Observations
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Summary of macro mark observations, solid line — well defined, dashed line — less well defined, see reference [1] for further details.
A number of attempts were made to correlate the macro marks with flight data, including engine stop starts, take-off and landings etc.

No successful correlations were made.
QINETIQ

[1] QinetiQ/16/02442/1.0 - QinetiQ / Airbus Helicopters, Macro Mark Counting, 28 June 2016.
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Fractured Second Stage Planet Gear
Sample FE13961 — Through Fracture Crack Propagation Direction

Orientation of secondary cracking from SEM examination

QINETIQ

Crack propagation directions concluded from secondary cracking

Fractured Second Stage Planet Gear
Sample FE13961 — Fatigue Crack Progression Marks (Striations)
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Positive identification of fatigue striations observed on a small region of the through thickness fracture surface, towards the centre of the gear.
Insufficient evidence to determine the crack growth rate from striation spacing measurements.
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Fractured Second Stage Planet Gear

EHT = 5.00 kV
WD = 6.1 mm

Sample FE13961 — Final Overload Fracture
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Fatigue crack propagation accounts for approximately 95% of the through thickness fracture.

QINETIQ

Fractured Second Stage Planet Gear S/N 10-1292
Examination of Outer Race Surface

QINETIQ
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — After Cleaning

Through thickness -
fracture o
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Upper edge of ;
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Note: The line placed at 14mm from the upper edge of the planet gear refers to the approximate location of maximum Hertzian stress for a FAG

planet gear, as informed by Airbus Helicopters and previously noted in the AAIB report on the G-REDL accident.

QINETIQ

Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 1 As-Received
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Mean depth of spall = 282um, maximum depth 325um

QINETIQ
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 1 After Cleaning
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 1 After Cleaning
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 1 After Cleaning

Roller
Direction

Micro-pitting present adjacent to the initiation
location of spall 1; the bottom of the “V” shape.

Undercutting cracks observed in the
micro-pits propagating into the
thicker material (towards the upper
edge of the gear).
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Between Spall 1 and Spall 2
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; Micro-pitting observed between spall 1 and spall 2, along with
WD = 10.0 mm E4415_NH_734tif FE13961

small indentations consistent with particle/debris imprints.
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Between Spall 1 and Spall 2
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The location of the observed micro-pitting is approximately 15mm from the upper edge of the planet gear — dotted yellow lines.

Fractured 2" Stage Planet Gear
Sample FE13962 Race Surface — Micro-pitting
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A wear track containing micro-pitting is also observed on the upper outer-race surface of the second planet gear fragment (sample FE13962).

A QINETIQ
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Fractured Second Stage Planet Gear
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These micro-pits are also located approximately 15mm from the upper edge of the gear and again exhibit undercutting cracks.

Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 2 As-Received
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Mean depth of spall = 317pm, maximum depth 349um
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 2 After Cleaning
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 2 After Cleaning

Roller
Direction

=

EHT = 10.00 kV | Probe = 100 Signal A = SE1 F? 2 100 EHT = 10.00 kV | Probe = 100 Signal A = SE1 H i
1mm robe PA ignal anetlQ um T pA igH anetlQ
WD =22.0 mm E4415_SF_1124.tif FE13961 WD =225 mm E4415_SF_1133.tif FE13961

Pagel3



Accident Investigation Board Norway APPENDIXD

Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Between Spall 2 and Spall 3
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small indentations consistent with particle/debris
imprints observed between spall 2 and spall 3.
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 3 As-Received
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 3 After Cleaning
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Fractured Second Stage Planet Gear
Sample FE13961 Race Surface — Spall 4
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Fractured Second Stage Planet Gear S/N 10-1292
X-Ray Tomography
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Fractured Second Stage Planet Gear
Sample FE13961 — X-Ray Tomography

.- Approximate
Subsurface crack 7 of Spi
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Spall 2 Spall 3

Spall 4 Approximate extent of subsurface cracking obtained from X-ray
. tomography inspection.

The undulating nature of the crack path observed in the initial scans.

QINETIQ
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Fractured Second Stage Planet Gear S/N 10-1292

Microsections Through Subsurface Cracking
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Fractured 2nd Stage Planet Gear
Sample FE13961 — Cutting Plan
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