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C: SUMMARY

On October 17, 2019, about 1740 Alaska daylight time, PenAir flight 3296, a Saab
2000, N686PA, overran the runway while landing at the Thomas Madsen Airport (DUT),
Unalaska, Alaska. The airplane was making its second landing approach when it touched down
on runway 13 and overran the runway passing through the airport perimeter fence, crossing a
road, and then pitching down over shoreline rocks. The airplane came to rest with the main
landing gear at the top of the rocks and the nose wheel in the water. Of the 39 passengers and 3
flight crew on board, 1 passenger was fatally injured, 4 passengers sustained injuries, and 37

! The airplane was owned and operated by Peninsula Aviation Services Incorporated d.b.a. PenAir.



passengers and flight crew were uninjured. Visual meteorological conditions prevailed. The
airplane was substantially damaged. The airplane was operating on an instrument flight rules
flight plan under the provisions of 14 Code of Federal Regulations Part 121 as a regularly
scheduled passenger flight from Ted Stevens International Airport, Anchorage, Alaska to DUT.

The Powerplants Group was convened on scene and the members examined the airplane,
engines, and propellers on October 20 to 23, 2019. The left and right engines were in place. The
left propeller was sagging down from a 360° fracture of the reduction gear box. Three of the left
engine’s propeller blades fractured at the base of the airfoil One of those blades was found
hanging outside of the fuselage from some cabin insulation. The second blade entered the cabin
and was found at seat 4F. The third blade was recovered from the water near where the airplane
came to rest. The examination of the engines and propellers did not reveal any preexisting
conditions that could have affected engine or propeller operation.

D: DETAILS OF INVESTIGATION

1.0 Powerplants information

1.1 Engines

1.1.1 Engine description

The airplane was equipped with two Rolls-Royce AE2100A turbopropeller engines. The
AE2100A is a dual-spool turbopropeller engine that features a 14-stage axial-flow compressor,
annular combustor, 2-stage gas generator turbine that drives the compressor, 2-stage power
turbine that drives the propeller, forward-mounted propeller reduction gearbox, bottom-mounted
power section accessory gearbox, and a full-authority digital electronic control. According to the
Federal Aviation Administration’s (FAA) Type Certificate Data Sheet (TCDS) No. TE1CH, the
AE2100A has a take off power rating of 4,152 shaft horsepower (shp) and a maximum
continuous power rating of 3,738 shp, both flat-rated to 98°F.? (Figure 1)

2 Flat-rated to a specific temperature indicates that the engine will be capable of producing the rated shaft
horsepower up to the specific inlet temperature.



Figure 1: Cut away view of a Rolls-Royce AE2100A turbopropeller engine. (Rolls-Royce)

1.1.2 Engine information

According to PenAir’s maintenance records, the following engines were installed on the
airplane. (Table 1) The examination of the engines’ data plates confirmed that the serial
numbers marked on the data plates matched the serial numbers listed in the engines’ records.

Table 1: Installed engine serial numbers

Position Left Right

Serial Number CAE-510098 CAE-510109

1.2 Propellers

1.2.1 Propeller description

The airplane was equipped with two Dowty R381/6-123F/5 propellers. The Dowty
R381/6-123-F/5 propeller is a constant-speed, variable-pitch, hydraulically-actuated propeller
that can be feathered.® It has an aluminum hub with six propeller blades that have a foam core
covered with a composite glass and carbon fiber-reinforced plastic shell. The blades have a
nickel sheath on the leading edge for erosion control and electric deicer boots. The Dowty
R381/6-123-F/5 propeller was certificated in the United Kingdom by the Civil Airworthiness

3 Feathering a propeller refers to rotating the propeller blades so the leading edge is into the wind to reduce the
frontal area to an absolute minimum and to minimize or stop rotation of the propeller blades, to reduce the drag
caused by the propeller.



Authority. According the FAA’s TCDS No. P6BO, the FAA certificated the propeller on the
basis of equivalence with the British civil airworthiness requirements.

The Dowty R381/6-123-F/5 propeller is reversible to slow the airplane down after
landing. The propeller’s reverse function is controlled by the pilot by movement of the power
levers through the full authority digital electronic control. To get the propellers to reverse, the
airplane must be in BETA mode, which is when the left or right main landing gear are down and
locked, the power lever angle (PLA) is below the flight idle position, and the propeller blade
angle is less than 14°. Reverse is selected when either the weight on wheel switch is activated or
the one or more of the main landing gear wheels spin up and the pilot moves the PLA to 16° or
0°, which is the maximum reverse position. The FADEC will control the blade angle to maintain
950 RPM.

1.2.2 Propeller information

According to PenAir’s maintenance records, the following propeller hubs and propeller
blades were installed on the airplane. (Table 2) Because of damage to the left hand propeller
and the right hand propeller remaining in the installed position, it was not possible to confirm the
serial numbers marked on the hubs and propeller blades to the serial numbers listed in the
maintenance records.

Table 2: Installed propeller components

Position Left | Right
Item Serial number
Propeller DAP0047 DAP0062
Hub MG002/94 MG130/10
Blade 1 1785 515
Blade 2 S2000-140 1823
Blade 3 S2000-698 1825
Blade 4 1744 1833
Blade 5 S2000-180 1829
Blade 6 1824 1828

2.0 Engines

2.1 Leftengine

The left engine was in place and remained attached to the engine mounts. The left
engine’s core was complete and did not have any indications of an uncontainment or case
rupture. (Photos Nos. 1 and 2) The left engine’s propeller assembly was sagging in relation to
the engine’s nacelle with the propeller shaft support resting on the forward part of the nacelle.



(Photo No. 3) The right rear engine mount was bent and buckled. (Photo No. 4) The engine
support struts were all in place and did not have any apparent damage. The inlet duct had a dent
at the forward end. The left engine’s propeller could be moved slightly.
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Photo No. 1: Left engine, left side, showing no damage to the core
and that the engine supports were intact.

Photo No. 2: Left engine, right side, showing no damage to the core
and that the engine supports were intact.
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Photo No. 4: Close up view of left engine’s upper right engine mount
showing that it was buckled. (Rolls-Royce)

The propeller reduction gear box front housing was fractured 360° around forward of the
diaphragm in the area of the ring gear. (Photo No. 5) There were broken pieces of gear box
housing laying on the engine deck. The ring gear and planetary gears were all in place and did
not have any apparent damage. The sun gear hub flange was fractured 360° around. The sun
gear gear teeth were heavily worn and had rotational damage. (Photo No. 6) The Beta tube was
in place and intact, but was twisted in front of the sun gear. The diaphragm was intact, but had a



circumferential rub mark that corresponded to the rubbing on the rear face of the sun gear. The
propeller shaft aft bearing was missing three adjacent rollers from the bearing cage. The
remaining bearing rollers in the bearing cage did not have any rotational damage. (Photo No. 7)

Photo No. 5: View of the fronduction gerbox showing
it was fractured 360° around in line with the ring gear. (Rolls-Royce)

Photo No. 6: View of the n gear sowing the broke flang
(Rolls-Royce)
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e and the damage to the gear teeth.
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Photo No. 7: Close up view of propeller shaft aft bearing shoWig three missing rollers and no
rotational damage to the remaining bearing rollers. (Rolls-Royce)

The front of the engine remained attached to the inlet duct with the clamp in place. The
exhaust duct was in place, but it was not attached to the engine’s turbine exhaust case. The
clamp that secured the turbine exhaust case to the exhaust duct was broken and was laying on the
deck under the engine. (Photo No. 8) There were several clamps on the left side of the engine in
the midline area that had the grommets missing completely or partially displaced. All of the
grommets that were missing from their respective clamps were accounted for. The engine did
have indications of a low grade oil fire on the lower left side with black, oily soot on the fire
resistant insulation although the insulation was not burned or charred. (Photo No. 9) There were
several clamp grommets in the area that were melted or partially melted. There was an oil tube
that was broken at the bottom of the engine adjacent to the burn damage. (Photo No. 10) The
variable inlet guide vanes (IGV) were all in place and appeared to partially open. There was no
apparent damage to the variable IGVs. There was a piece of propeller blade ensnared in the
IGVs at about 10 o’clock.* (Photo No. 11) The stage 2 power turbine blades were all in place
and appeared to be undamaged. The exhaust duct struts were bent in various directions and the
exhaust duct was off-center in relation to the engine. (Photo No. 12) There was no metal debris
noted in the exhaust duct.

4 All references to position or directions, as referenced to the clock, will be as viewed from the rear, looking
forward, unless otherwise specified.
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Photo No. 9: View of left side of engine showing black, oily soot on heat resistant insulation.
(Rolls-Royce)
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Photo No. 10: Enlarged_ view -showing broken tube in relation to the sooted insulation.

Piece of propeller
blade

Photo No. 11: Enlr view of front of engine showing partially open IGVs and piece of
propeller blade ensnared in the IGVs. (Rolls-Royce)
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Photo No. 12 View Up the exhaust duct shwing the duct off-center to the engine
and that all of the 2nd stage power turbine blades were in place.

The variable stator vane (VSV) actuator rod was extended about 0.75-inches.
There was an electrical connector on left side of the engine that was separated.
The oil tank indicator was showing about 5 quarts low. The oil in the tank did not have

an acrid odor. The side of the oil tank and the oil level transmitter housing were gouged from an
adjacent bracket.

2.2 Right engine

The right engine was in place and remained attached to the engine mounts. The core of
the right engine did not have any indications of an uncontainment, case rupture, or an undercowl
fire. The engine support struts were all in place and did not have any apparent damage. (Photos
Nos. 13 and 14)
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Photo No. 13: Right engine, left side, showing no damage to the core

and that the engine supports were intact.

Photo No. 14: Right engine, right side, showing no damage to the core
and that the engine supports were intact.

The right engine’s propeller assembly could be rotated smoothly with little force. There
were no noises when the right engine’s propeller was rotated. When the propeller was rotated,
the 2nd stage power turbine blades rotated concurrently.

The right propeller’s reduction gear box was intact.
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The variable IGVs were closed. There was a piece of metal laying against the variable
IGVs at about 7:30 o’clock. (Photo No. 15) The VSV actuator was in the retracted position.
The 2nd stage power turbine blades did not have any apparent damage. The clamp between the
turbine exhaust case and the exhaust duct was in place. The exhaust duct struts were in place

and were not bent.

Piece of metal

Photo No. 15: View of front of right engine showing IGVs are closed
and piece of metal against IGVs. (Rolls-Royce)

The sight gage in the right engine’s oil tank indicated that it was about 2 quarts low.
3.0 Propellers

3.1 Leftpropeller

The spinner was in place on the propeller. The spinner had two spiral grooves that were
each approximately 2-inches wide, about 7.5- and 14.5-inches from the tip. The aft groove was

split open. (Photo No. 16)



Spiral grooves

Photo No. 16: View of left engine’s spinner showing two spiral grooves. (Rolls-Royce)

The propeller hub was intact. Pieces of propeller blade, either part of the airfoil or just
the blade butt, remained in all six blade locations on the hub. All of the propeller blades that still
had parts of an airfoil remaining were in the feathered position. (Photo No. 17) At those
locations where the airfoil was missing, the blade retaining clamps were in place with the
retaining bolts in place and safety wired. (Photo No. 18) The propeller hub could be moved
slightly, but the blades could not be rotated within the hub.
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Photo No. 17: View of left propeller showing three blades missing

and the remaining blades in the feathered position. (Rolls-Royce)



15

Photo No. 18: Typical inboard end of fractured left hand propelle? blades.

Blade No. 1° was broken off at the base. (Refer to Photo 17) The base of the blade
remained in the hub with the blade retaining clamp still in place.

Blade No. 2 was in place in the hub and the blade was fractured transversely across the
airfoil about 28.5-inches from the disk to the fractured end. There was an approximately 10-inch
long radial by 2-inch wide axial piece of the trailing edge missing between 2- and 12-inches from
the disk at the base of the blade. The trailing edge was broken out and gouged in line with and
corresponding to the shape of the inlet lip. The blade had a diagonal outboard split in the
composite shell on the cambered side from the edge of the missing material at the trailing edge to
the leading edge.

Blades Nos. 3 and 4 were missing, although the base of each blade remained in the hub.
Blade No. 5 was broken about 48-inches from the disk to the fractured end. The trailing

edge was broken out and gouged in line with and corresponding to the shape of the inlet lip.
(Photos Nos. 19 and 20)

® Blade No. 1 was identified as the blade adjacent to the balance mark that was noted on the rear face of the spinner
bulkhead. In accordance with gas turbine engine convention, the other blades were numbered in a clockwise pattern
from the aft, looking forward.
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Photo No. 19: Blade No. 5 with the trailing edge broken out
in a shape that corresponded to the inlet lip.

Photo No. 20: Left engine’s inlet lip with a circumferential rub mark
in line with the damage to the trailing edge of blade No. 5.

Blade No. 6 was broken about 48-inches from the disk to the fractured end. The leading
edge of the blade had an approximately 5-inch long radial by 2.5-inch axial dent about 32-inches
outboard from the disk.
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The three blades that were missing from the left engine’s propeller hub were all
recovered. There was a propeller blade that was recovered from the water that was about 48-
inches from the disk to the fractured end of the blade. There was a propeller blade that was
found hanging on the left side of the airplane from some cabin insulation that had wrapped
around the butt of the blade that was about 58.5-inches long. (Photo No. 21) There was a
propeller blade that was found wedged between the cabin floor and ceiling at row 4F that was
about 57-inches long. (Photo No. 22)

Photo No. 21: View of propeller blade that was hanging from side of fuselage. (Rolls-Royce)



18

Photo No. 22: View of propeller blade that was found in the cabin;ﬁ-seat 4F. (Rolls-Royce)

3.2 Right propeller

The spinner was in place on the front of the propeller assembly and did not have any
damage or marks.

The propeller hub was intact and all of the propeller blades were in place. (Photo No. 23)
The propeller blades had the tips broken away at about 56.5-, 55-, 56.75-, 54-, 53.5-, and 53.5-
inches from the disk at the base of the blade. (Photo No. 24)
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Photo No. 24: Close u'of left prpler blade tishowing typical fractured end.

4.0 Cockpit

The examination of the cockpit showed that the power levers were at the idle stops.
(Photo No. 25) The left and right engine run levers, which have fuel off, start, and run positions ,
were in the off position. (Photo No. 26) The ignition switches, which have off, normal, and
continuous positions, were in the normal position. (Photo No. 27) The left fire handle was in the
pulled position. The right fire handle was in the stowed position. (Photo No. 28)
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Photo No. 27: Left and right ignition switches in the normal position.
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Photo No. 28: Left engine fire handle pulled, right engine fire handle in the stowed position.
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