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I ANALYSIS
1.0 Accident Synopsis

1.1 The subject engine was removed from an Agusta A119 Aircraft Registration No.N403CF
following an aircraft mishap.

1.2 [t was reported that the aircraft was found substantially damaged when it impacted terrain while
approaching to land to a remote landing zone (LZ) approximately 8 miles northeast of Mancos,
Colorado. The pilot, nurse, and paramedic were fatally injured.

1.3 As reported by the NTSB: “The flight originated from Durango, Colorado, at 12:42 where visual
meteorological conditions prevailed. A company VFR flight plan was filed and activated for the
local medical flight. The aircraft was dispatched in search for a drowning victim in the Animas
River near Farmington, New Mexico and eventually located. While the aircraft was retuming to
Durango, it was diverted to the Red Arrow Mines area near Mancos to medivac an injured
logger.”

1.4 As reported by the NTSB: “According to a volunteer fireman, the aircraft made a low pass to
assess the LZ, and then circled around to make his landing approach. The fireman advised the
pilot that the winds were calm and he acknowledged. On approach, the aircraft was noted to be
above tree level and suddenly dropped straight down. The fireman did not see the aircraft impact
the terrain but reported no unusual engine sounds. The on-scene examination disclosed a ground
scar, aligned on an easterly heading, containing slash marks and a separated left skid. The
atrcraft was at the end and next to the ground scar, and was aligned on a northerly heading. All
four (4) rotor-blades were attached to the hub. There were no contact marks to the hydraulic
actuators. The swash and pitch link rods were all intact and aftached. The tail boom was severed
just aft of the engine and was to the right of the aircraft. The tail rotor was separated at the
gearbox.”

2.0 Summary of Findings and Analysis

(]
—

The engine externals examination revealed no signs of fire damage. The externals displayed
impact damage predominantly on the lower portion of the engine. All major engine structural
casings displayed no impact deformation.

22 The externals examination revealed an opening (gap) at the lower section of the fuel control unit
(FCU) flow and drive body mating flanges with disengagement of the bottom left side retention-
bolt (identified in this report as bolt and location No. 3). The bolt installed at location No. 3 was
shorter than specified for that location and thread engagement within the flow body was
approximately 2 full threads The fuel bypass passage (Po) preformed packing was partially
extruded at the flange opening. The FCU power lever quadrant protractor needle and manual
override linkage shield were impact damaged.
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The FCU drive body flange mating with the flow body was found to have an irregular surface
flamess. The drive body boltholes had markings matching the bolt thread spacing. Raised
material was observed in boitholes No. 3 and No. 4. Furthermore, the raised material was
flattened and rubbed in bolthole No. 3. The rubbing marks and flattening in bolthole No. 3 was
consistent with relative movement between the drive body and the bolt.

The No. 3 flow body bolthole fractured threads showed three types of surface features. Some
areas were consistent with a shear fracture surface resulting from a force pulling on the bolt
(either from over-torque or excessive axial stress) and other areas exhibited features consistent
with rubbing. The rubbing occurred after the shearing and is a consequence of the fracture.
Consequently, the markings observed are consistent with a two step mechanism: the first step is
the fracturing of the threads by shear, the second step is rubbing damage consistent with a
movement of the drive body relative to the flow body.

A third area exhibiting a different mode of fracture had contaminants on its fracture surface. The
absence of such contaminants on the adjacent rubbed area is indicative that this portion of
fracture surface was pre-existing. This contaminated surface exhibited a topography showing
evidence of striations consistent with a fatigue mechanism. A portion of the shear overload
fracture initiated from this portion of the fracture surface.

Additionally, the fractured threads revealed evidence of deformation not consistent with a shear
fracture along the root of the fractured thread. This deformation and its orientation are consistent
with a contact along this edge after the fracture. Furthermore, evidence of a partial shearing of
the threads occurring during a prior event was also observed.

2.3 Review of the EEC fault codes and cockpit switches confirmed that the engine was operating in
electronic mode (EEC Mode) at the time of impact. Therefore the Mechanical Power Turbine
Governor (MPTG) governing anomaly observed during bench testing would not have affected
engine operation since the MPTG is used for the mechanical governing back-up mode (MEC
mode).

3.0 Conclusions

3.1 There were no engine anomalies that would have prevented the engine from producing power
prior to impact.

32 Based on the information available and the analysis conducted, it could not be established when
the stripping of the flow body threads and the opening of the flanges between the FCU flow and
drive FCU bodies occurred.
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FACTUAL INFORMATION
INVESTIGATION PARTICIPANTS

The engine investigation was performed on August 30, 2005 at the Pratt & Whitney Canada
(P&WC() facilities. The individuals who participated in all or part of the Engine Investigation at
P&WC as representatives of their respective organizations are as follows:

Paul Fréchette - Transport Safety Board of Canada {TSBC)

Luigi Candiani - Agusta, Accident/Incident Investigation Manager
Paolo Ferrert - Agusta, Product Support

Jim Stothers - P&WC Turboshaft Customer Support Manager
Laurent Azancot - P&WC Turboshaft Customer Support

David Barnard - P&WC Accessory Components Investigation
Marc Hemmings - P&WC Service Investigation

The Fuel Control Unit (FCU) S/N C68008 and the Mechanical Power Turbine Governor (MPTG)
S/N C74004 investigations were performed on August 31, 2005 at the Honeywell Montreal
(MTL) Facility. The individuals who participated in all or part of the Accessories Component
Investigation at the Honeywell MTL Facility as representatives of their respective organizations
are as follows:

Paul Fréchette - TSBC

Luigi Candiani - Agusta, Accident/Incident Investigation Manager

Paolo Ferreni - Agusta, Product Support

Ken Miller - Honeywell Souith Bend (SB), Engine Systems & Accessories Controls Enginecring
Hytham Mokhtar - Honeywell MTL, Engine Systerns & Accessories Controls Engineering
Sylivie Robin -- Honeywell MTI., Engine Systems & Accessories Controls Quahity Manager
David Barnard - P&WC Accessory Components Investigation

Marc Hemmings - P&WC Service Investigation

Further evaluation of the FCU S/N (68008 was performed on September 7 to 9, 2005 at the
Honeywell SB Facility. The individuals who participated in all or part the Accessories
Component Iavestigation at the Honeywell SB Facility as representatives of their respective
organizations are as follows:

Ken Miller -- Honeywell SB, Engine Systems & Accessones Controls Engineering

Alison Dekoschak — Honeywell SB, Engine Systems & Accessories Conirols Engineering
Randy Gniffith - - Honeywel! SB, Metallurgist Manager

Michael A. Swartz - Honeywell SB, Systerns & Accessories Customer Service Engineering
Lee G. Fisher - Honeywell SB, Engines, Systems & Services, Product Integrity

Claude Lincourt - P&WC Mechanical & Electrical Clinic

Marc Hemmings - P&WC Service Investigation

This document is subject to the restriction contained on the cover page.
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Bottom LH view (intake area) shows the mmpact damage to the
central fireseal with the P3 pneumatic and main oil pressure lines.
Bottom LH view (gas generator case side) shows the impact
damage to the central fireseal with the P3 pneumatic and main oil
pressure lines Bottom LH view (gas generator case side) shows the
impact damage to the central fireseal with the P3 pneumatic and
main oil pressure lines

Closer view of photo no. 10 shows the damage to the central
fireseal with the main oil pressure line

Bottom LH view shows the damage to the rear fireseal, and the
aircraft main rotor coupling (A) still attached on the RGB output
coupling/clutch gearshaft.

Engine bottom view shows impact damage.

Engine LH front view shows the aircraft FCU PLA RVDT (arrow),
as received

FCU RH view - The circle indicates the area of the opening of the
mating flange of the drive/flow bodies (see photo no. 16 below for
close-up).

The circle shows the opeuning at the mating flange of the FCU
drive/flow bodies.

FCU LH view - The circle indicates the opening area with the
extruded Po packing and the bottom left flange retention bolt No. 3
disengaged (see photo no. 18 below for close-up).

The large circle shows the opened mating flange of the drive/flow
bodies with the extruded Po fuel packing. Arrow points to the
disengaged bolt No. 3. The small circle shows the fractured flow
body threads coiled on the bolt threads,

FCU bottom view - The circle shows the opened mating flange of
the drive/flow bodies. The arrows point to the Py & Px air
passages. See photo no. 20 below.

After removal & alternate bottom view shows the opened (circle)
mating flange of the FCU bodies. The FCU Teflon drive coupling
was intact.

Close up LH view of the opening & the extruded Po packing of the
mating flange of the drive/flow bodies. Arrows point to the
disengaged bottom left retention bolt No. 3.

FCU back view shows the drive body pad and the drive shaft teflon
coupling. Arrows point to the retention bolts of the drive body to
the flow body. The circle shows the extruded Po packing. A blue
stain (blue arrow) noted on the drive bearing cover.

Bolt No. 3 (bottom left): disengaged short bolt not in specified
location

Bolt No. 2 (top right): long bolt not installed in specified location
Bolts No. 1 (top left) & No. 4 (bottom right): short bolts installed in
proper locations

This document is subject to the restriction contained on the cover page.
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Photo no. 23 Arrow points to the bent FCU PLA protracior needle and the circle

area indicales the indent on the sheet metal cover of the mannal
override linkage.

Photo no. 24 Engine top view at the exhaust case area shows the dented
paeumatic line (arrow).

Photo no. 25 A blue stained residue (arrow) noted in the vicinity of the drive
cavity of the fuel pump drive pad.

Photo no. 26 Removal of the MEC from the drive pad of the RGB shows an
intact Teflon drive coupling

Photo no. 27 View of the P3 filter & the inside of the filter bow! being dry and
clean

Photo no. 28 View of the assembly of the AGB housing/gears/bearings

Photo no. 29 View of the assembly of the AGRB diaphragm/gears/bearings

Photo no. 3 Downstream view of the intact CT disc assembly and combustion
liner

Photo no, 31 Trailing edge view of several CT blades shows no evidence of tip
rubs

Photo no. 32 Leading edge view of the CT disc assembly

Photo no. 33 General view of the intact components of the compressor assembly

Photo no. 34 1* stage compressor stator shows no evidence of rubbing damage to
the shroud.

Photo no. 35 Leading edge view of the intact 1™ stage compressor rotor

Photo no. 36 Trailing edge view of the intact 1* stage compressor rotor

Photo no. 37 View of the compressor impeller with its shroud housing shows no
evidence of rubbing damage.

Photo no. 38 View of the compressor rotor spacers shows no impact and rubbing

damage to their OD’s. WNote that the wetness seen on the spacers
(0.D) was introduced during the disassembly handling.

Photo no. 39 View of the compressor rotor air seals shows no impact rubbing
damage to the OD’s.

Photo no. 40 Leading edge view of the intact PT stator assembly

Photo no. 41 PS module LH view of the intact P'T stator & housing, the T5
harness & the TED

Photo no. 42 PS module RH view of the intact PT stator & housing, the T5
harness & the TED

Photo no. 43 View of the intact PT disc assembly

Photo no. 44 View of the PT blade shrouded tips show light rubs.

Photo no. 45 View of the PT shroud shows the rubbed seal knives between the
arrows.

Photo no. 46 Another section view of the PT shroud shows the light rubs to the
seal knives referred in photo no. 43 above.

Phato no. 47 A section view of the PT shroud shows the seal knives being intact.

Photo no. 48 RGB module shows the intact input-drive coupling shaft linking
with the PS module. Arrow points to the RGB output dnive.

Photo no. 49 Closer view of the intact output-drive coupling shaft

This document is subject to the restriction contained on the cover page.
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Phkoto no. 50 View of the intact RGB output shaft, sprag clutch & No. 14 duplex
bearings
Photo no. 51 Closer view of the intact sprag cluich
Photo no. 52 Inside view of the idler gear shows the intact runner (arrow) for the
sprag clutch & the intact No. 15 roller bearing,.
Photo no. 53 View of the intact assembly of the wdler and torquemeter gearshatis
and roller bearings (#10 & #15)
Photo no. 54 RGB internal view shows the intact outer ring flange of the No. 9

8.0

8.1

9.0

roller bearing and the four bolted fragments of the No. 12 ball
bearing outer ring (see photo no’s 54 & 55 below),

Photo no. 55 View of the No. 12 ball bearing attached to the idler gearshafi,
which shows all four (4) fractures of the flanged outer ring.

Photo no. 36 View of the four (4) fractured areas of the flanged No. 12 bearing
outer ring

Photo no. 57 Detail view of the fracture surface of one of a fractured No, 12
bearing outer ring lug

Photo no, 58 Leak test of FCU S/N C68008 drive body S/N 0003 shows the

spray of fuel due to fuel and air leaks at the mating flange of the
drive and flow bodies.
Reference Listing

Honeywell Teardown & Testing Report of One model DP-F2 Part Number 3244896-9 Serial
Number C68008

Appendix: Description:

I P&WC Accessories Incident Factual Notes Job 05009190

II P&WC Mechanical & Electrical Clinic Evaluation

mn P& WC Materials Investigation Laboratory Evaluations

IV PWC Chemical Laboratory, Tabulated Results of the Analyzed
Samples
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Photo no. |
As received, engine S/N PUO006 container with a cardboard box attached above the container.

Photo no. 2
As received, various aircraft instruments
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Photo no. 3
As received, trim compensator, EEC and igniter box

Photo no. 4
As received, the engine left hand (LH) view
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Photo no. 5
As received, the engine right hand (RH) view

Photo no. 6
As received, the engine rear view (reduction gearbox side)

This document is subject to the restriction contained on the cover page,
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Photo no. 7
As received, the engine front view (accessory gearbox side)

Photo no. 8
RH bottom view (intake area) showing the damage to the front & central fireseals and oil scavenge lines

This document is subject to the restriction contained on the cover page.
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Photo no. 9
Bottom LH view (intake area) shows the impact damage to the central fireseal with the P3 pneumatic and
main oil pressure lines.

Photo no. 10
Bottom LH view {gas generator case side) shows the impact damage to the central firescal with the P3
pneumatc and main il pressure lines

This document is subject to the restriction contained on the cover page.
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Photo no. 11
Closer view of photo no. 10 shows the damage to the central fireseal with the main oil pressure line.

Photo no. 12
Bottom LH view shows the damage to the rear fireseal, and the aircraft main rotor coupling (A) still
attached on the RGB output coupling/clutch gearshaft.

This document is subject to the restriction contained on the cover page.
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Photo no. 13
Engine bottom view shows the impact damage.

Photo no. 14
Engine LH front view shows the aircraft FCU PLA RVDT {arrow), as received
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Photo no. 15
FCU RH view - The circle indicates the area of the opening of the mating flange of the drive/flow bodies
(see photo no. 16 below for close-up).

Photo no. 16
The circle shows the opening at the mating flange of the FCU drive/flow bodies.
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Photo no. 17
FCU LH view - The circle indicates the opening area with the extruded Po packing and the bottom left
flange retention bolt No. 3 disengaged (see photo no. 18 below for close-up).

Photo no. 18
The large circle shows the opened mating flange of the drive/flow bodies with the extruded Po fuel
packing. Arrow points to the disengaged bottom left bolt No. 3. The small circle shows the fractured
flow body threads coiled on the belt threads.
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Photo no. 19
FCU bottom view - The circle shows the opened mating flange of the drive/flow bodies. The arrows
point to the Py & Px air passages. See photo no, 20 below.,

Photo no. 20
After removal & alternate bottom view shows the opened (circle) mating flange of the FCU bodies. The
FCU Teflon drive coupling was intact.

This document is subject to the restriction contained on the cover page.
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Photo no. 21
Close up LH view of the opening & the extruded Po packing of the mating flange of the drive/flow
bodies. Arrows point to the disengaged bottom left retention bolt No. 3.
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Photo no. 22
FCU back view shows the drive body pad and the drive shaft Teflon coupling. Arrows point to the
retention bolts of the drive body to the flow body. The circle shows the extruded Po packing. A blue
stain (blue arrow) noted on the drive bearing cover.
Bolt No. 3 (bottom left): disengaged short bolt not instailed in specified location
Bolt No. 2 (top right): long bolt not installed in specified location
Bolts No. 1 (top left) & No. 4 (bottom right): short bolts installed in proper locations
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Photo no. 23
Arrow points to the bent FCU PLA protractor needle and the circle area indicates the indent on the sheet
metal cover of the manual override linkage.

Photo no. 24
Engine top view at the exhaust case area shows the dented pneumatic line (arrow).

This document is subject to the restriction contained on the cover page.
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Photo no. 25
A blue stained residue (arrow) noted in the vicinity of the drive cavity of the fuel pump drive pad.
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Photo no. 26
Removal of the MEC from the drive pad of the RGB shows an intact Teflon drive coupling.
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Photo no. 27
View of the P3 filter & the inside of the filter bowl being dry and clean

Photo no. 28
View of the assembly of the AGB housing/gears/bearings
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Photo no. 29
View of the assembly of the AGB diaphragm/gears/bearings

Photo no. 30
Downstream view of the intact CT disc assembly and combustion liner
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Photo no. 31
Trailing edge view of several CT blades shows no evidence of tip rubs
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Photo no. 32
Leading edge view of the CT disc assembly
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Photo no. 33
General view of the intact components of the compressor assembly being intact

Photo no. 34
1™ stage compressor stator shows no evidence of rubbing damage to the shroud.
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Phato no. 35
Leading edge view of the intact 1™ stage compressor rotor

Photo no. 36
Trailing edge view of the intact 1* stage compressor rotor
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Photo no. 37
View of the compressor impelter with its shroud housing shows no evidence of rubbing damage.
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Photo no. 38
View of the compressor rotor spacers shows no impact and rubbing damage o their OD’s
Note that the wemess seen on the spacers (0.D) was introduced during the disassembly handling.
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Photo no. 39
View of the compressor rotor air seals shows no impact rubbing damage to the OD’s.

Photo no. 40
Leading edge view of the intact PT stafor assembly

This document is subject to the restriction contained on the cover page.
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Photo no. 41
PS module LH view of the intact PT stator & housing, the temperature harness (T5) & the TED

Photo no. 42
PS module RH view of the intact PT stator & housing, the temperature harness (T5) & the TED
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Photo no. 43
View of the intact PT disc assembly

Photo no. 44
View of the PT blade shrouded tips show light rubs.

This document 1s subject to the resiriction contained on the cover page.



Pratt & Whitney Canada

Service tnvestigation AUnied Tasrnologies Comgany

Accident / Incident Report

P&WC 8114 (11-98) Report No. 05-068
Page 40 0of 91

Photo no. 45
View of the PT shroud shows the rubbed seal knives between the arrows.
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Photo no. 46
Another section view of the PT shroud shows the light rubs to the seal knives referred in photo ne. 43
above.
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Photo no. 47
A section view of the PT shroud shows the seal knives being intact.

Photo no. 48

RGB module shows the intact input-drive coupling shaft linking with the PS module. Arrow points to
the RGB output drive.
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Photo no. 49
Closer view of the intact output-drive coupling shaft

Photo no. 50
View of the intact RGB output shaft, sprag clutch & No. 14 duplex bearings
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Photo no. 51
Closer view of the intact sprag clutch

Photo no. 52
Inside view of the idler gear shows the intact runner (arrow) for the sprag clutch & the intact No. 15
roller bearing,

This document is subject to the restriction contained on the cover page.
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Photo no. 53
View of the intact assembly of the idler and torquemeter gearshafts and roller bearings (#10 & #15)

Photo no. 54
RGB internal view shows the intact outer ring flange of the No. 9 roller bearing and the four bolted
fragments of the No. 12 ball bearing outer ring (see photo no's 54 & 55 below).
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Photo no. 55
View of the No. 12 ball bearing attached to the idler gearshaft, which shows all four (4) fractures of the
flanged outer ring.

Photo no. 56
View of the four (4) fractured areas of the flanged No. 12 bearing outer ring
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Photo no. 57
Detail view of the fracture surface of one of a fractured No, 12 bearing outer ring lug

Photo no. 58
Leak test of FCU S/N C68008 drive body S8/N 0005 shows the spray of fuel due to fuel and air leaks at
the mating flange of the drive and flow bodies.
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FIGURE 1

View of the Po packing from the fuel retumn line of
FCU drive to fiow body interface. The packing
shows no evident damage excep! for faint
permanent compression lines (black arrows).
These lines likely comespond ta position of the

packing after exirusion (red arrow) 0.2in
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FIGURE 2
This figure IS {
showing the [
planarity {
measurement |
resulis oblained |
on the drive body | .
casting mating [ ' .
surface. Wea can | T ! 2

s&e that the

SUrTace shows a
gevianon of

C around | Thim | 14

"'.‘l'_-" a..I Tri‘." l & F i‘ }
crawing requires | 1 ! |

% F |
2 My ! | 3 '| | ‘ ! I

geviation o

1 =0 D02 | |

-_—
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FIGURE 3

This figure shows the tomography 3D reverse enginsering
image of the drive body casting. The vanation in surface
profile of the mating surface with the flow body shows an
irreguiar pattern. What appear in blue indicates the area
wherg thare is a depression on the mating surface The
pattern is not symmetric
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FIGURE 4

This figure shows that the machining ines around hole #1
are not parallel. This likely suggests that the machining
operation was perfomed n o stages
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FIGURE 5

The figure shows thesaded
marks in holes 18 4 We
can see that hése marks
aré opgosed The
dimensional ana ysis
shows that Ihe no'es are
not N true postion
according %o the
requirement. This offset
ikely contributed the
hreading marks sesr in
hoes 18 4

v

{4
a vinne
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FIGURE B
The figure is showing
adence of nubbing eft

n hole #3  Thread
marks are evident
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| FIGURE 7

This figure is showing
evidence of light comact
fretting left around noles
#1 and 3 on the flow
body-mating surface.
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FIGURE 8

Thes figure is showing
evidence of light contact
frefting left around holes
#3 on the drive hody-
mating surface.
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FIGURE 9
This figure 1s

showing avidence
of light fretting left
around holes #1
on the drive hody-
mating surface
The SEM analysis
ndicates the
presence of
freting An
embedded silicon
oxide paricie was
obsarved in the
fratting area ot
nole #1 The lower
nght figure. we
can ghsere the
shiny rubbing
marks observed
with the SEM
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FIGURE 10

This figure is showing evidence of washer imprint
marks on the drive body lug's back face The more
evident marks Could be seen on postion 1 and 4
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Paositon of
the ground
Fow
body

o

Figure 12

Figure 12
Figure *

2 Figure Ta and 1b) General aspect of
the FCU showing the location of the
bolts in reation to the ground

—

Figure 1c; Aspect of the dange of the
Grive Dody in contact with the flow
body The bolts numbers are
wertfied next 1o the hoie The bokt af
locaton 3 was sttipped from the flow
body The lotlton of he ground
win e unit s nstalled on the engne

s dowwaTes
[
4
3
Gmiu
e e
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Figure 2

General aspect of the Inner surtace of
balt nole No. 1 in the dive body
showing a circumfersntal markng
suggestng "at the suface was
cCaMaged oy a rhreadec camponen:
The damage 's iocated apgroximately
betweer § and 1 0 clock postion

The convention used for the locaton of
the camage n all e bokt holes is as
foliow

*‘."(;...‘ vl

Figure 3

Genera aspec’ of e inner suTace of

ot hole NO. 2 showing a siight
endence of circumferental mank ngs
Those maskings are located Detween 7

and B o'clock poston
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Figure 4

General aspect of he inner sutface of
boilt hole No. 3 showing pronounced
arcumferental  makings The
camage is mainly located between 12
and 4 clelack in tha hole and next 1o
the interfaceé Setween the dnve ang
the tow Dody

Figura £

Genery sspect of the inner suttace of
boit hole No 4 showing desp
circurfersnual | madings The
marungs are simila o thread-ike
features obsarved n othar 5ol holes
The damage s located aporoxmately
bétwaen 2 and § o clogk

Figure &

Siicon ruboés replica of bolthols Mo 4
and bolt Na_ T showing that the thread-
bk feature in the hole matches the
thread spagng of the bolt and s
approumatety C 341 in
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Figure 7

Examination of the circumferential
threadilke pattem in bolt hole No. 1.
The groove associated with the
threading panemn is consistent with
what was observed in bolt hole No. 4.

 However, there s o evicengs of

raised materal associated with the
threads.

Figure 8§

View of the damage n bolthale No. 4
at higher magnification showing that
from the flange siie. there is evidence
of raised matenal n the boit hole
{arrows| sssociated with each thread.
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Figure 10

View of the rased ‘eatures from the
otfer sl thoning face) The feature
hignlighted nere 's the frst arsa shown
raxt B e iMerdace in Figure
{outined area in Figure 8) On thes
ude, the raised ‘satvre 5 rough and
exnip's ewcence of geformaton
Trare v 3 gap Detwesn he feature
and the inner wal of the noe (armow).
indicatng that ths raisec eature 5 2
lap

Figure 11

Damage in bolthole No 2 ¢n the drive
body sde. next fo the fange
Eviderce of rased material and of
ruboeg within the hole s also
coserved

| Figure 12

Evicerce showing that the areas of
- Tanad TaleTial was mOsY kkely similar
0 what was observed in bokt nole No
& Howevs hese festures Jppear o
have been farened whie tvs was not
cosersed w Dolthole 4
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Figure 12

Fresence of & ongue just beneath a
thread mark along with ines indicating
et the feaure was nwobed  Thess
features are consstent with 3 relative
movemen! Detween the dnve body anc
the bot This camage could have
be#en cone whie the boit is moving
away from the fow body or whie the
gnve body moves towards e flow
body while the bolt remans stationary
The ongin of the dattening could nat
be cetermined

“investigabon of .37 tued Canwrol, 3N
8008, dated 11/11/05

This Figure was usad 1o find the
onentaton of $e sample of sinpped
materal removed fom the bolf. usng
3 spechs faature
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Figure 17

Aspect of the fracture surface of the
Siroped maenal a tugher
magnfication showng Fe exent of
the srea exhomng fearures A and B
(Dlack outineg area In Figure "5). An
aréa of deformed material not
consisient with the shear Facture s
80 wsidle alorng the root [cwcied
area

Figure ‘8

Same as Figure |7 showing the
ceformed ares from The imwarts
porton of the thread The ceformaton
coserved aiong the edge s consistent
with the appicaton of a force in the
direction of the deformatbon, which s
In agreement with 3 damage resuitng
from a contact al the locatan shown

Figure '8

Typica aspect (lateral view) of a
speamen fractured in pure sheas (pul
test samole) showing that thefe IS no
svidence of ceformaton along the
&dge of T dank facing INwaras (arrow
heads: previously repomed for Dokt
hole No 3 n Figue 17 Thes
reinforces the roton hat there was
some Contact betwsen the stnoped
matena and the bok hole n the other
csrecton
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Flank &l the thread againdl which the botkt ragure<
s pusiung duning the bghtening operation

Damage along the innér surface of the
thread Tagment stipoed from bob hole
No. 3 in the flow body, The damage s
located along the flank of the thread
facsng ™o ™ apbed hoie and
conseguently it 15 the surface on which
the torquing load s appied The
camagk visidig on the nght hana scle
comespords 0 the ‘eature Seen In
Figure "8 on the facture surface

Egue 2V

Damage o the inner surface of e
Sinppad matenal snown i Figute 2D M
higher magnificaton.  This shows that
the thread s pamally sheared n this
area [red arrow head). There is also
evdenct of rnibbing on the thread
indcanrg that the cres! of the threaa
was damaged n tws area (Dlack
aTows) Sheanng was also cbservec
from the Facture surface side (red
arow head w the inset
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Figure 22

Damage 1o he mnel surface of the
stnpped matenal shown in Figures 20
and 21 There s evidence of damage
on the left nand side of the sheared
area corsstent with a damage that
woud be procuced oy the bolt that s
beng screwed n

Figure 23

Damage similar 10 the one observed
on the previous thread (Figure 22) are
atso visibie along the crest of the last
engaged fthread (oroied  area)
Grooving of the outer porticn of the
fhredd s 3ls0 vEDE (Arrow Reads)
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Figure 24

Boit No. 3 showing the evidence of 2
taper at the end leading to threads
with a smaller cuter diameter.

with the bolt Ne evidence of damage
to the crest or grooving was observed
iarrows). Ewdence of rubbing was
oazened on the flank of the threads.
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Figure 28

General aspect of the raplica axtractad
from boithole No. 2 of the fow body

W3g irapped at n bomom (Mgt NanG 5ae of the
picture) 10 a wery rEflectve Surface wene
parashs T o e igheng apsaaNE B
visDie

Figure 27

Repica from bolthole No. 3 of the flow
bady. Longdudinal ines a: the fp of
the region of swpped matedial are
visiole. In order to establish the
source of the lines, the pece of
sinpped matenal was examned fo
determine if the grooves chserved on
one face could be mawhed
asperities on the other. Note tha: the
acal bhnes continue beyond the
photograpn  {inset) along  an
approximate distance of 0.20 inch and
are ctill associated with fracture
damage of the crest that s howsver
significantly less discemible and
lazated &t the edge of e orest,
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Figure 28

Tip of tha fragment of stripded matena
matching the location of the replica in
Fgure 27 No festures of The fracture
surface mawchng the features
coserved on the repica were found
Tra fact nat he nes on the cres: are
in the aval direction of the bolt hole
indcaes hat tve damage resullec
from & rubbing n the axial girection
The lnes are also well defined
indicatng that there was 0 wedr and
consequenty no subsequent rubbing
between the fracture sutace and the
crést of the hread o the ol nolé

Figure 2§

Area of the first thread of the fragment
of stipped matensl exhibtng a
different topography  Small paralle
knes are visidke (bracket) Ths feature
15 Unigue 10 the sThpped matenal from
the crash. A smear feature was not
coserved on the fragmer! produced n
the oveforque or T pull Tesis
parformad by Honeywel  The rracture
surface 15 appproomately at 2 45-
gegres ang'e to e 2% of the Dol
hole  This area is not associated with
an area of partally sheased thread like
the area shvowr i Figure 21
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Area of the first thread of the fragment
of stipped matenal exhibting a
offerent  wpography  at  hugher
magnification. The fracture surface
exhibits a darker colour indoating that
it s dirty. In addition, there are no
evdence of rushng camage nar shear
overioad features,

Figure 31

Evidence of large paraliel stnation-like
features at higher magnification in the
area of the fracture surface next 1o the
rect of the thread facing outwards.

are not typical of a fatigue crack in
Moge 1 jlensie) but are more
conmisten with a mixed Mode -Mode
il (tersle and shaar)
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Figure 32

Area next to e root of the Treads
exhuding striaton-lke ‘eatures. The
size and e spacing of these features
are increasing from the root towards
the sheared aréa This s in
agreement with a sub-cribcal orack
growth under cyckc loading
inCreasing Sirations spacing Macaks
that the fangue crack was
oce eranryg

Figure 33

Aspect of the fracture surface nex! 10
the root of the thread (inset) at high
magrriicaton showng evdence of
stnations characteristic of ‘angue crack
propagaton.  The presence of these
stations  confirms a  taigue
mechanism
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| Figure 34

Transtion betweer the fatigue crack
and the overicad shear facwre
surface. There is no evidence of a
sudden increase n the appied lvad
that wou'd nave resulted n the shear
overisad fracture of the thread The
evdences show that the overicad
shear fracture inmiated from the fatigue
crack and conseguently from a orack
that existed pror to the final shear
fracture

Figure 3§

A50 | Other arsa showing e ansiton
A between the fatgue crack ang the
prior  shear ovencad  fracture
suDsequently camaged Eatigue
- Sinatcns are visiole on the fracture
surface preceding the final ovesioad
frachwe
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Figure 38

Chemical analysis of the greyish area
exhibiting smation-like features on the

contamination of the fracture surface.
Cadmium 5 associsted witn the
coating of the boits used to faswen the
drive body onto the flow body
Because the fracture surface shows
evidence characteristic of fatigue crack
propagabon., the presence of
- chromium as well as mud cracks on
| the fracture surface cannol be
atrbuted fo the anodzing process
since such a orack can only infhate
cunng operation.
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