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| ANALYSIS

1.0 ACCIDENT SYNOPSIS

2.0

On 25 July 2014 a Schweizer G-164B Reg. N425LS, operated by Croom Aviation, was
substantially damaged during a forced landing following loss of engine power near Bonifay,
Florida. The pilot reported that on reducing power for landing approach, the engine lost thrust and
produced a loud, high pitched report with material exiting the right hand exhaust stub. There was
no engine response to power lever inputs. With insufficient altitude to reach the runway or field,
the pilot manoeuvred the aircraft to a controlled impact in a wooded area. The pilot was not
injured.

The agricultural application aircraft was conducting a repositioning flight from Donalsonville, GA
to Bonifay, FL at the time of the event.

SUMMARY OF FINDINGS

The engine gas generator rotor roller bearing (No. 2 bearing) was disintegrated. 12 of the 16
rolling elements were recovered and displayed severe heat oxidation and mechanical damage. The
cage was fractured into 5 sections and displayed severe heat oxidation, mechanical damage, and
deformation. The bearing inner and outer races were coated with heat fused melted material.
Scanning Electron Microscope - Energy Dispersive X-ray Spectroscopy (SEM-EDS) analysis
determined the material fused to the bearing races to show a significant amount of rolling element
material. Trace amounts of Cadmium were observed on the inner race. The origin of this element
could not be identified. Micro structural analysis and SEM-EDS chemical analysis of the bearing
races and cage showed the material to be consistent with drawing requirements. The hardness of
the inner race and the cage was consistent with drawing requirements. The hardness of the outer
race was compromised, likely by heat exposure. The rolling elements material and hardness could
not be assessed for conformance to drawing requirements due to their severe heat exposure.

The bearing oil nozzle outer jet was found to be obstructed. SEM-EDS analysis determined the
material blocking the jet to correspond to material used in the composition of the bearing races
and rollers.

There was extensive resultant damage to the compressor rotor and the compressor housing. There
were no other indications of pre-impact anomalies or operational dysfunction to any of the engine
components examined.

The No. 2 bearing was replaced as part of a major repair conducted approximately 286 hours prior
to the event. The facility conducting the repair is not recognised by Pratt & Whitney Canada.
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1 FACTUAL INFORMATION
1. INVESTIGATION PARTICIPANTS
The power plant investigation was performed on 18-19 November 2014 at the Pratt & Whitney
Canada Service Investigation Facilities at St. Hubert, Quebec, Canada. The following individuals
participated in the investigation as representatives of their respective organisations:
Earl Chapman Senior Technical Analyst
Operations Service Branch
Transportation Safety Board Canada
Michel Allard Engine Controls and
Accessories Technical Services
Pratt & Whitney Canada
Jennifer Thuss Associate Analyst
Materials Investigation and Test
Pratt & Whitney Canada

Thomas Berthe Service Investigation
Pratt & Whitney Canada

2. ENGINE HISTORY
PT6A-27  S/N 40160
Hours Since New: 19,059
Cycles Since New: Not recorded.
Hours Since Overhaul: 10,424
Hours Since Last Repair: 286
Cycles Since Last Repair: Not recorded.
The above hours and cycles are as of the last recorded maintenance for the subject engine, a hot
section inspection completed on 9 July 2014 by Gary W. Kilpatrick A&P No. | |} I The
logbook entry stated that “all sighted components were found to be in acceptable condition” and

that “the power section was sent to Tarheel Turbines for inspection”. There was no record of this
work performed at Tarheel Turbines work in the available engine records.
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At 18,855 total hours a hot section inspection, including replacement of the compressor turbine
blades with overhauled P/N 3023401 units, was completed by Tarheel Turbines, Cert. No.
A, under W/O TT1328 dated 7 October 2013.

At 18,773 total hours the engine was repaired for vibration and unusual noise. The repair included
replacement of the No. 2 bearing with a unit overhauled by Bearing Inspection, Inc. under W/O
739453. Bearings Nos. 1 through 5 were replaced with overhauled units. This work was completed
by Don Morrison, A&P No.h on 7 March 2013. Please refer to photo No. 1.

At 18,045 total hours the engine was repaired for No. 1 bearing failure. The repair included
replacement of the Nos. 1 and 2 bearings, and replacement of the compressor impeller and housing
with serviceable units. This work was completed by Don Morrison, A&P No. IIElll on 6 April
2012. Please refer to photo No. 2.

At 17,743 total hours the engine was repaired for compressor turbine blade failure. This repair
included replacement of the compressor turbine blades with overhauled units and replacement of
the power turbine blades with new PMA units. This work was completed by Don Morrison, A&P
No. [l on 14 July 2011. Please refer to photo No. 3.

At 17,593 total hours the engine was repaired for sudden stoppage. This work included
replacement of the gas generator case, compressor balancing assembly, and the compressor
turbine. This work was completed by Don Morrison, A&P No.hon 14 June 2010. Please
refer to photo No. 4.

The last overhaul was recorded at 8,635 total hours.
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Photo No. 1
Logbook entry for repair at 18,772.9 total hours.

Photo No. 2
Logbook entry for repair at 18,045.3 total hours.
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Photo No. 3
Logbook entry for repair at 17,743.4 total hours.

Photo No. 4
Logbook entry for repair at 17,593.4 total hours.
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3. ENGINE EXAMINATION

3.1

3.11

All positional references are in relation to view from aft looking forward. Upstream and
downstream references are in relation to gas path flow from the compressor inlet to exhaust.

External Condition
The engine was received in a standard shipping container with all quick engine change items
removed with the exception of the starter generator. The power section and gas generator rotor
could not be rotated.

External Cases

Reduction Gearbox: The housing was intact. The propeller governor, over speed governor, and
the Np tachometer generator were in place and intact.

Exhaust Duct: Displayed moderate compressional deformation.

Gas Generator Case: The housing displayed no impact deformation. The compressor housing
displayed outward punctures at the approximate 2:00 and 9:00 positions. The fuel manifold,
compressor bleed valve, and the ITT harness were in place and intact.

Accessory Gearbox: Displayed no impact damage. The oil to fuel heater, start control, high
pressure fuel pump, fuel control unit, ignition exciter and the Ng tachometer generator were in

place and intact.

Please refer to photos No. 5 through 11.
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Photo No. 5

Engine left hand forward view.

Photo No. 6
Engine left hand aft view.
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Photo No. 7

Engine right hand forward view.

Photo No. 8
Engine right hand aft view.
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Photo No. 9

Engine aft gas generator case and accessory section.

Photo No. 10
Gas generator case compressor housing and shroud, approximate 2:00 position.
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Photo No. 11
Gas generator case compressor housing and shroud, 9:00 position.

3.1.2 Power Control and Reversing Linkage

The forward linkage was removed and not received. The linkage was otherwise continuous and
intact to the controls cam box and fuel control unit. Please refer to photos No. 7, 8, and 9.

3.1.3 Pneumatic Lines

Compressor Discharge Air (P3): Intact and continuous from the gas generator case fitting to the
fuel control fitting. All connections and lock wire were intact. No P3 filter system was fitted.
Please refer to photo No. 9.

Power Turbine Control (Py): Intact and continuous from the propeller governor fitting to the fuel
control unit fitting. All connections and lock wire were intact. Please refer to photos No. 5 and 9.

3.1.4 Chip Detectors and Filters
Reduction Gearbox Chip Detector: Clean. Please refer to photo No. 12.
Oil Filter: Clean. Please refer to photo No. 13.

Fuel Filter: Clean. Please refer to photo No. 14.
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Photo No. 12

Reduction gearbox chip detector.

Photo No. 13
Oil filter
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Photo No. 14
Fuel filter.

3.2 Disassembly Observations

3.2.1 Compressor Section

The gas generator case housing interior displayed an approximate 1 inch x 2 inch hole at the
approximate 2:00 position, and an approximate 2 inch x 2-3/4 inch hole at the approximate 9:00
position. There were numerous outward dimples and pockmarks around the housing interior.
Please refer to photos No. 15 through 17.
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Photo No. 15

Gas generator case compressor housing interior, approximate 2:00 position.

Photo No. 16
Gas generator case compressor housing interior, approximate 9:00 position.



Pratt & Whitney Canada

Service Investigation A Liniest Teetrislogiss Company
Accident / Incident Summary Report
P&WC 8114 (11-98) Report No.: 14-081
Page 150f 51
Photo No. 17

Gas generator case compressor housing interior, centered at the approximate 4:00 position.

Photo No. 18
Compressor assembly as removed, centered at 12:00 position.
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Photo No. 19

Compressor assembly as removed, centered at 6:00 position.

Compressor 1%, 2" and 3" Stage Discs and Blades: The 1% stage blades were intact, with
circumferential rubbing at the blade tips due to contact with the shroud. The 2™ stage blades were
intact, with circumferential rubbing at the blade tips and trailing edge roots, due to contact with the
shroud and 2" stage stator. The third stage blades displayed heavy rubbing and tearing due to
contact with the shroud and adjacent stator . 9 blades and root sections were displaced axially from
the disc and liberated due to the partial obliteration of the adjacent spacer. Two blades were not
recovered. Please refer to photos Nos. 20 through 29.
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Photo No. 20

Compressor 1%, 2" and 3" stage discs and blades.

Photo No. 21
Compressor 1% stage disc and blades, upstream side.
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Photo No. 22

Compressor 1% stage blades and shroud, in-situ detail centered at the approximate 9:00 position.

Photo No. 23
Compressor 2" stage disc and blades upstream side, in-situ.
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Photo No. 24

Compressor 2™ stage disc and blades downstream side.

Photo No. 25
Compressor 3" stage disc and blades upstream side, in-situ.
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Photo No. 26

Compressor 3" stage disc and blades, downstream side.

Photo No. 27
Compressor 3" stage disc and blades, downstream side.
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Photo No. 28

Recovered 3" stage blade airfoils.

Photo No. 29
Recovered 3" stage blade airfoils, alternate view.
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Compressor 1%, 2" and 3" Stage Stators and Shrouds: The 3" stage stator housing displayed
an approximate 3-% inch x % inch outward rupture centred at the approximate 2:00 position and an
approximate 1 inch x 1 inch outward rupture at the approximate 7:00 position. The 1% and 2™
stage stators and shrouds displayed heavy rubbing and deformation due to radial contact with the
compressor rotor. The 3" stage stator vanes were completely obliterated and the shroud rubbed
completely though due to radial contact with compressor rotor. Only 7 identifiable fragments of the
3" stage stator vane were recovered. Please refer to photos No. 18 and 19, and 30 through 38.

Photo No. 30
Compressor 3" stage stator housing, centered at the approximate 2:00 position. % inch x 3 % inch
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Photo No. 31
Compressor 3" stage stator housing and impeller housing, centered at the approximate 7:00
position.
Photo No. 32

Compressor 1%, 2" and 3" stage stator assemblies.
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Photo No. 33

Compressor 1% stage stator and shroud upstream side, upper circumference.

Photo No. 34
Compressor 2" stage stator and shroud upstream side, upper circumference.
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Photo No. 35

Compressor impeller, 3" stage stator housing, and 3™ stage spacer in-situ.

Photo No. 36
Compressor 3" stage stator and shroud downstream side, upper circumference.
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Photo No. 37

Compressor 3" stage stator and shroud downstream side, lower circumference.

Photo No. 38
Recovered 3" stage stator airfoil fragments.
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Compressor 1%, 2" and 3" Stage Spacers: For identification the spacer assembly was divided
into quadrants “W, X, Y, and Z” with quadrant “X” centred at the “X” rotor balancing mark,
clockwise viewed from aft looking forward. The 3™ stage spacer was completely rubbed
obliterated across approximately %.’s of its circumference to due rubbing and machining under
radial contact with the 3™ stage stator vanes. The 1% and 2" stage spacers displayed
circumferential rubbing and machining completely through the spacer around the quadrant “Y” due
to radial contact with their adjacent stator vanes. Please refer to photos No. 35 and 39 through 45.

Photo No. 39
1%, 2" and 3" stage compressor spacers quadrant “W”.
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Photo No. 40

1%, 2" and 3" stage compressor spacers quadrant “X”

Photo No. 41
1%, 2" and 3" stage compressor spacers quadrant “Y”.
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Photo No. 42

1%, 2" and 3" stage compressor spacers quadrant “Z”.

Photo No. 43
Compressor 31 stage spacer upstream side, position “X” at 12:00.
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Photo No. 44

Compressor 31 stage spacer, centered at position “X”

Photo No. 45
Compressor 31 stage spacer, centered at position “Z”
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Centrifugal Impeller: The impeller vanes displayed heavy circumferential rubbing due to radial
contact with impeller housing. The impeller inlet leading edges were gouged, torn, and deformed
due to ingested compressor debris. Please refer to photos No. 46 and 47.

Photo No. 46
Centrifugal impeller.

Photo No. 47
Centrifugal impeller, detail.
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Centrifugal Impeller Shroud: The shroud face showed severe rubbing, with heavy frictional heat
discoloration and material smearing, due to radial contact with the impeller. The shroud face was
rubbed completely through at the approximate 7:00 and 11:00 positions. Please refer to photos No.
18 and 19, 31, 48, and 49.

Photo No. 48
Centrifugal impeller shroud.



Pratt & Whitney Canada

Service Investigation A Liniest Teetrislogiss Company
Accident / Incident Summary Report
P&WC 8114 (11-98) Report No.: 14-081
Page 33 0f 51
Photo No. 49

Centrifugal impeller shroud, centered at the approximate 7:00 position.

No. 1 Bearing and Air Seals: The No. 1 bearing displayed no indications of operational distress.
The compressor bearing adapter housing forward face was displaced in clockwise torsion
approximately 20 degrees in relation to the aft flange. Please refer to photos No. 50 through 52.

Photo No. 50
Compressor bearing adapter.
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Photo No. 51

No. 1 bearing outer race, cage, and rolling elements.

Photo No. 52
No. 1 bearing inner races.



Pratt & Whitney Canada

Service Investigation A Liniest Teetrislogiss Company

Accident / Incident Summary Report

P&WC 8114 (11-98) Report No.: 14-081
Page 350f 51

No. 2 Bearing and Air Seals: P/N 3006146, 3011426, S/N C757. The bearing rolling elements
and cage were disintegrated. The compressor stub shaft could be moved radially by hand. The
bearing air seal rotors displayed heavy circumferential scoring and machining due to radial contact
with the air seal stator knife edges. 12 of the 16 rolling elements were recovered and displayed
severe heat oxidation and mechanical damage. The cage was fractured into 5 sections and
displayed severe heat oxidation, mechanical damage, and deformation. The bearing inner and outer
races were coated with heat fused melted material. P&WC Materials Engineering analysis
determined the material fused to the bearing races to show a significant amount of rolling element
material under Scanning Electron Microscope - Energy Dispersive X-ray Spectroscopy (SEM-
EDS) analysis. Trace amounts of Cadmium was observed on the inner race. The origin of this
element could not be identified. Micro structural analysis and SEM-EDS chemical analysis of the
bearing races and cage showed the material to be consistent with drawing requirements. The
hardness of the inner race and the cage was consistent with drawing requirements. The hardness of
the outer race appeared to be compromised by heat exposure. The material and hardness of the
rolling elements could not be determined to meet drawing requirements due to their severe heat
exposure. The primary mode of the bearing distress could not be determined due to the extent of
mechanical and heat damage to all of the components.

The bearing oil nozzle was flow checked, and the outer nozzle jet was found to be obstructed.
SEM-EDS analysis determined the material blocking the jet to correspond to material used in the
composition of the bearing races and rollers.

Please refer to photos No. 53 through 69.

Photo No. 53
No. 2 bearing and air seals, in-situ.
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Photo No. 54

No. 2 bearing inner race and air seal rotors, in-situ on compressor stub shaft.

Photo No. 55
No. 2 bearing inner race and air seal rotors, in-situ on compressor stub shaft, opposite view.
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Photo No. 56

General view of No. 2 roller bearing components. The components were significantly oxidized
and exhibited substantial amounts of deposited material. The cage had fractured into several
pieces which were deformed and contained deposits of coked oil and molten material. Twelve out
of the sixteen rollers were recovered.

Photo No. 57
No. 2 bearing outer race.
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Photo No. 58

View of cross-section through the outer race, showing a significant heat affected region associated with a
worn band at the inner surface of the race matching the area of contact with the rollers.

Photo No. 59
Heat fused material on the outer race. SEM-EDS analysis of this material showed material
elements characteristic of rolling element and cage material, with phosphorous characteristic of
coked engine oil.



Pratt & Whitney Canada

Service Investigation A Liniest Teetrislogiss Company
Accident / Incident Summary Report
P&WC 8114 (11-98) Report No.: 14-081
Page 39 of 51
Photo No. 60

No. 2 bearing inner race.

Photo No. 61
View of cross-section through the inner race, showing a significant heat affected region associated with a
worn band at the inner surface of the race matching the area of contact with the rollers.
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Photo No. 62

Heat fused material on the inner race. SEM-EDS analysis of this material showed material
elements characteristic of rolling element and cage material, with Phosphorous characteristic of
coked engine oil. Traces of cadmium were identified.

Photo No. 63
No. 2 bearing cage, as recovered.
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Photo No. 64

Magnified view of one of the fragments of the cage showing significant deformation and deposited
material. SEM-EDS analysis of this material showed material elements characteristic of rolling element
material, with Phosphorous characteristic of coked engine oil.

Photo No. 65
No. 2 bearing rollers, as recovered.
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Photo No. 66

General view of one of the No. 2 bearing rollers showing significant deposited material and deterioration.
SEM-EDS analysis of this material showed material elements characteristic of rolling element and cage
material, with Phosphorous characteristic of coked engine oil.

Photo No. 67
No. 2 bearing oil nozzle.
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Photo No. 68
X-ray photograph of the No. 2 bearing oil nozzle showing material build up within the top nozzle
jet.

Photo No. 69

Metallographic cross-section through the top nozzle showing the material build-up. SEM-EDS analysis
taken in the area marked in red box showed material elements characteristic of bearing race rolling
element material.
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3.2.2 Combustion Section

Combustion Chamber Liner: Displayed no indications of distress. Please refer to photo No. 70.

Large Exit Duct: Not accessed.

Small Exit Duct: Displayed no indications of distress. Please refer to photo No. 71.

Photo No. 70
Gas generator case interior, combustion chamber liner and compressor turbine, in-situ.

3.2.3 Turbine Section

Compressor Turbine Guide Vane Ring: The vane airfoil leading edges were intact. One vane
airfoil at the approximate 8:00 position trailing was eroded, and the vane airfoil showed a bright

silver metal deposit characteristic of melted compressor blade or vane material. Please refer to
photos No. 71 through 73.
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Photo No. 71

Compressor turbine guide vane ring and small exit duct, upstream side.

Photo No. 72
Compressor turbine guide vane ring downstream side.



Pratt & Whitney Canada

Service Investigation A Liniest Teetrislogiss Company
Accident / Incident Summary Report
P&WC 8114 (11-98) Report No.: 14-081
Page 46 of 51
Photo No. 73
Compressor turbine guide vane ring downstream side and shroud, centered at the approximate
8:00 position.

Compressor Turbine Shroud: Displayed circumferential rubbing, with frictional heat
discoloration and material transfer, due to contact with the compressor turbine blades. Please refer
to photo No. 73.

Compressor Turbine: The blade airfoils were lightly battered and gouged due to contact with
upstream debris. The blade tips displayed circumferential rubbing due to contact with the shroud.
Fine silver metal material was heat fused to the airfoil surfaces. The disc downstream side
displayed circumferential rubbing due to contact with the power turbine guide vane ring. Please
refer to photos No. 74 through 78.
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Photo No. 74

Compressor turbine, in-situ.

Photo No. 75
Compressor turbine, upstream side.
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Photo No. 76

Compressor turbine upstream side, detail.

Photo No. 77
Compressor turbine downstream side, detail.
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Photo No. 78
Compressor turbine downstream side, detail.

ITT Probes, Bus bar, and Harness: Displayed no distress. Please refer to photo No. 79.
Power Turbine Housing: Displayed no distress, please refer to photo No. 79.

Power Turbine Guide Vane Ring and Interstage Baffle: Observed in-situ, displayed no distress.
Please refer to photo No. 79.
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Photo No. 79

Power turbine guide vane ring and interstage baffle, in-situ.
Power Turbine Shroud: Observed in-situ, displayed no distress. Please refer to photo No. 80.

Power Turbine: Observed in-situ, displayed no distress. Please refer to photo No. 80.

Photo No. 80
Power turbine downstream side, in-situ.
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3.2.4 Reduction Gearbox
Not disassembled.

3.2.5 Accessory Gearbox
Not disassembled.

3.3 Controls and Accessories Evaluation

The controls and accessories were not removed.
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