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Foreword

This safety investigation is exclusively of a technical nature and the Final Report reflects
the determination of the AAIU regarding the circumstances of this occurrence and its
probable causes.

In accordance with the provisions of Annex 13? to the Convention on International Civil
Aviation, Regulation (EU) No 996/2010% and Statutory Instrument No. 460 of 20093,
safety investigations are in no case concerned with apportioning blame or liability. They
are independent of, separate from and without prejudice to any judicial or
administrative proceedings to apportion blame or liability. The sole objective of this
safety investigation and Final Report is the prevention of accidents and incidents.

Accordingly, itis inappropriate that AAIU Reports should be used to assign fault or blame
or determine liability, since neither the safety investigation nor the reporting process
has been undertaken for that purpose.

Extracts from this Report may be published providing that the source is acknowledged,
the material is accurately reproduced and that it is not used in a derogatory or
misleading context.

1 Annex 13: International Civil Aviation Organization (ICAO), Annex 13, Aircraft Accident and Incident
Investigation.
2 Regulation (EU) No 996/2010 of the European Parliament and of the Council of 20 October 2010 on the
investigation and prevention of accidents and incidents in civil aviation.
3 Statutory Instrument (SI) No. 460 of 2009: Air Navigation (Notification and Investigation of Accidents, Serious
Incidents and Incidents) Regulations 2009.
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Published: 31 October 2024

In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation
(EU) No 996/2010 and the provisions of SI No. 460 of 2009, the Chief Inspector of Air
Accidents, on 17 December 2021, appointed John Owens as the Investigator-in-Charge to
carry out an Investigation into this Serious Incident and prepare a Report.

Aircraft Type and Registration:

No. and Type of Engines:

Aircraft Serial Number:
Year of Manufacture:
Date and Time (UTC)*:
Location:

Type of Operation:
Persons on Board:
Injuries:

Nature of Damage:

Commander’s Licence:

Commander’s Age:

Commander’s Flying Experience:

Notification Source:

Information Source:

Piper PA34-220T (Seneca lll), G-OBUC

1 x Continental TSIO-360-KB
1 x Continental LTSIO-360-KB

34-8233174

1982

17 December 2021 @ 15:22 hrs

Over the Irish Sea, near Co. Wicklow, Ireland
General Aviation
Crew-1 Passengers — 3
Nil

Substantial damage to right-hand engine and
right-hand engine cowlings

Commercial Pilot Licence (CPL) Aeroplanes (A), issued
by the Civil Aviation Authority (CAA) of the United
Kingdom (UK)

33 years
1,441 hours, of which 14 were on type
Pilot-in-Command

AAIU Field Investigation
AAIU Report Form submitted by the Pilot

4 UTC: Co-ordinated Universal Time. All times in this report are quoted in UTC unless otherwise stated; local time
was the same as UTC on the date of the accident.
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SYNOPSIS

The twin-engine PA34-220T aircraft was enroute from Bournemouth Airport (EGHH), in the
United Kingdom to Weston Airport (EIWT), near Dublin, Ireland. While over the Irish Sea at an
altitude of approximately 1,000 feet and approximately three nautical miles east of the County
Wicklow coast, the Pilot reported to Dublin Air Traffic Area Control Centre (ACC) that the
aircraft had a ‘rough running engine’ and requested an expedited arrival into EIWT. Two
minutes later, the Pilot transmitted a MAYDAY call (state of emergency) to Dublin ACC,
advising that the aircraft was now operating on one engine. He was offered potential
diversionary airfields but elected to continue to EIWT, where a single engine approach to
Runway (RWY) 25 was conducted. The aircraft landed on RWY 25 and taxied to the apron,
where the Pilot and the three passengers who were on board exited normally. No injuries
were reported to the Investigation. There was no fire.

When the AAIU inspected the aircraft following the occurrence, it was observed that the
No. 3 cylinder had separated from the crankcase of the right-hand engine, and that there was
associated damage to the crankcase and ancillary components. The AAIU subsequently
determined that the probable cause of the separation was the fatigue failure of seven of the
eight cylinder retention studs/throughbolts.

NOTIFICATION AND RESPONSE

The AAIU Inspector-on-call (I0OC) was notified of the occurrence and as no injuries were
reported, and because the aircraft had been able to taxi safely to the ramp at EIWT on its
remaining engine, the AAIU gave the Pilot permission to secure the aircraft. Three Inspectors
of Air Accidents deployed to EIWT the following day and an investigation was commenced.

1. FACTUAL INFORMATION
1.1 History of the Flight

The aircraft, a twin-engine Piper PA34-220T (Seneca lll), took-off from Tatenhill Airfield
(EGBM), Derbyshire, in the UK at 11:50 hrs on 17 December 2021 for a one hour 10-minute
flight to Bournemouth Airport (EGHH), in the UK. At EGHH, the Pilot uplifted fuel for an onward
flight to Weston Airport (EIWT), Dublin, Ireland. Three passengers boarded the aircraft and it
departed EGHH at 13:30 hrs.

The Pilot reported that while in the cruise at approximately Flight Level® (FL) 100, the manifold
pressure® ‘dropped’ and the fuel flow on the right-hand engine ‘blipped’ due to what the Pilot
considered to be a possible fuel contamination issue. The Pilot recalled that he scanned the
oil temperature and oil pressure gauges for any anomalies, and that they seemed to be in the
normal range and stable. The Pilot said that the engine then ‘blipped’ a few more times,
leading him to believe that the aircraft would require maintenance action after landing.

5 Flight Level (FL): A numeric representation of aircraft altitude (10,000 ft in this case) referenced to standard
sea level pressure (1013.2 Hectopascals).

6 Manifold pressure: An indication of air pressure in the engine’s inlet manifold, usually displayed in inches of
mercury. In conjunction with the RPM indicator, it provides an indication of engine power.



1.2

At approximately 15:06 hrs, when the aircraft was around 10 nautical miles (NM) east of the
Co. Wicklow coast and at an altitude of approximately 6,500 feet (ft), the Pilot contacted
Dublin Area Control Centre (ACC) and was given permission to navigate to EIWT. At 15:14 hrs,
the Pilot advised Dublin ACC that the aircraft was descending to 1,000 ft” and that he would
call Newcastle Airfield (EINC), Co. Wicklow, Ireland, for traffic information when in the vicinity
of that airfield.

At 15:20 hrs, the Pilot informed Dublin ACC that ‘we have a rough running engine’ and that
the aircraft was ‘just passing Newcastle’. He requested an ‘expedited arrival’ to EIWT. Dublin
ACC cleared the aircraft for a direct track to Weston. At 15:21 hrs, Dublin ACC asked the Pilot
if he wished to land at EINC. The Pilot declined, stating that the aircraft may ‘have to come in
on one engine’ and he would ‘prefer the length of Weston’. The Pilot informed the
Investigation that there was a bang and that the ‘manifold pressure went through the floor
and the [right-hand] engine failed’. The Pilot said he observed a trail of ‘oil smoke’ coming
from the vents on the right-hand engine cowlings. The Pilot noted that the aircraft
experienced some asymmetry (yawing). He said he ‘exercised’ the right-hand throttle lever to
ascertain if some power was still available from the engine but that this had no effect. The
Pilot stated that he secured the right-hand engine and feathered? its propeller, as it appeared
to him to be windmilling at that point. He transmitted a MAYDAY call to Dublin ACC at
15:22 hrs, advising that the aircraft was ‘on one engine’. At that stage, the aircraft was around
1.5 NM offshore, near Greystones, Co. Wicklow, at an altitude of approximately 700 ft, and a
speed of 125 knots.

At 15:26 hrs, Dublin ACC advised the Pilot that RWY 22 at Baldonnel (Casement Aerodrome,
3 NM south-east of EIWT) was available if required. The Pilot replied, stating, ‘happy I can
make Weston; however, it will be landing Runway two five’. The aircraft at this point was
12 NM from EIWT on a direct track. The Pilot informed the Investigation that his indicated
airspeed was approximately 100 knots (kt), which he said was above his blue line speed® and
allowed for some residual climb capability should it be required.

Dublin ACC telephoned EIWT Air Traffic Control (ATC) to inform them of the situation. At
15:28 hrs and with 8 NM remaining, the aircraft was handed over to ATC at EIWT. The Pilot
contacted EIWT ATC and when requested, advised that there were four people on board and
that there was approximately four hours of fuel remaining. Following notification by EIWT
ATC, the Airport Fire and Rescue Service deployed towards the runway. EIWT ATC informed
the Pilot that the wind was ‘one two zero degrees, five knots’. The Pilot performed a visual
approach to RWY 25 at EIWT. The aircraft landed on RWY 25 and taxied to the apron, where
the Pilot and passengers disembarked normally. There was no fire.

Injuries to Persons

No injuries were reported to the Investigation.

7 The Pilot informed the investigation that with the agreement of Air Traffic Control (ATC), his intention had been
to perform a Visual Flight Rules (VFR) arrival into EIWT.

8 Feathering: On some variable pitch propellers, the blade pitch can be increased so that the blades present the
least frontal area to the airflow, thereby reducing drag. This process is referred to as feathering.

° Blue line speed: The blue marking on the airspeed indicator showing the best rate of climb speed following a
failure of one of the engines on a multi-engine aircraft.



1.3 Previous Rough Running

While operating the aircraft four days earlier (13 December 2021) on a flight from EIWT to
EGHH, the Pilot transmitted a ‘Pan Pan’'° call to Dublin ACC, advising that the aircraft had ‘a
rough running engine’. Approximately two minutes later, the Pilot contacted Dublin ACC to
cancel the Pan call as the engine had ‘stabilised’. As a precaution, Dublin ACC informed London
ACC. The aircraft continued to its destination. The Pilot reported that on speaking to a
maintenance engineer ‘we attributed this problem to probable fuel contamination, although
nothing showed in the fuel drains pre-departure’ and that it was decided to ‘monitor the
engine for any reoccurrence or trends developing’. The Pilot informed the Investigation that
the engine operated normally for a flight time of approximately six hours between the
previous rough running event, and the occurrence flight.

1.4 Aircraft Information

The six-seat, twin-engine Piper PA34-220T (Seneca lll), low wing, 8.7 metres (m) long, all-metal
aircraft, was manufactured in 1982. The aircraft was registered in the United States until
14 July 1989. It transferred to the Italian aircraft register on 21 July 1989, where it remained
until January 2016, when it was transferred to the German aircraft register. It was registered
in the UK on 13 May 2016.

The aircraft’s most recent Certificate of Airworthiness was issued by the UK CAA on
22 August 2016. The associated Airworthiness Review Certificate (ARC) was issued by a
Hungarian National Transport Authority-approved Continuing Airworthiness Management
Organisation (CAMO) on 27 February 2021. The aircraft had operated for a total time of
3,117 hours up until that date. The ARC was valid until 26 February 2022. The aircraft’s
airframe logbook indicates that the most recent Annual/100 hr Inspection was performed on
12 October 2021, at a total operating time of 3,167 hours. The last flight entry in the logbook
was on 13 December 2021. The Investigation calculated the total operating time on this date
to be 3,191 hours.

1.5 Damage to Aircraft

The outboard side of the forward-upper cowling on the right-hand engine sustained several
puncture holes during the occurrence (Photo No. 1). There were deposits of engine oil on the
upper surface of the right-hand wing, adjacent to the engine.

Photo No. 1: Puncture holes to right-hand engine cowling (highlighted)

10 pan Pan: A call to ATC to indicate a state of urgency.



1.6

1.7

1.7.1

Personnel Information

The Pilot held a CPL (A), which was issued by the UK CAA on 4 July 2018. The licence contained
an MEP (Multi-Engine Piston) rating and an ME IR (Multi-Engine Instrument Rating), both of
which were valid until 30 November 2022. The Pilot’s Class 1 Medical Certificate was valid
until 21 February 2022. The Pilot’s flying experience is outlined in Table No. 1.

Total all types: 1,450 hours
Total on type: 14 hours
Total on type P1: 14 hours
Last 90 days: 27 hours
Last 28 days: 15 hours (14 hours on type)
Last 24 hours: 5 Hours

Table No. 1: Pilot’s Flying Experience
Engine Information
General

The subject aircraft variant is powered by two Continental six-cylinder, turbo-charged,
reciprocating engines: a TSIO-360-KB, fitted to the left-hand wing (clockwise rotating, when
viewed from the rear), and a LTSIO-360-KB (counter-clockwise rotating) fitted to the right-
hand wing. Each engine drives a three-blade, aluminium alloy, variable-pitch propeller. The
engine cylinders on each engine are numbered as follows: one, three and five on the right-
hand side, when viewed from above, with number one being the most aft; and two, four and
six on the left-hand side, with number two being the most aft (Figure No. 1).

Propeller
J_\j__\f' drive flange
° S5
' —  Fwd
r....r—1_..'] "
4
— ’
2
W 1

Figure No. 1: Cylinder numbering convention (viewed from above)



1.7.2

1.7.2.1

1.7.2.2

Each engine comprises two crankcase halves, with three cylinders fitted to each half. Each
cylinder is retained by eight nuts, six of which are tightened onto ‘deck studs’ that are screwed
into threaded holes in the crankcase halves (Photo No. 2). The deck studs (identified in the
photographs as No. 1, 2, 3, 4, 7, and 8) have a diameter of 3/8 inch (”). The other two nuts are
fitted to ‘throughbolts’ (located at No. 5 and 6), which pass through both crankcase halves,
and secure the two crankcase halves together, in addition to securing two opposing cylinders.
The throughbolts have a diameter of 7/16”.

Photo No. 2: Stud/throughbolt identification (No. 5 cylinder attachment point shown)

Engine Maintenance History
In-Service Inspections

It should be noted that, on an in-service engine with all components fitted, not all studs/nuts
are readily visible when viewing the engine from the side.

Last Overhaul

In 2010, the subject aircraft’s two engines were overhauled by a Maintenance Organisation
approved by the Italian Civil Aviation Authority (Ente Natizionale per I’Aviazione Civile — ENAC).
The work on the left-hand engine (Serial Number 315462) was certified on 30 July 2010. The
right-hand engine (Serial Number 314451) was certified on 3 August 2010. Both engines were
refitted to the subject aircraft on 21 October 2010, at a total aircraft operating time of
2,816 hours. The aircraft’s total operating time since engine overhaul was calculated by the
Investigation to be approximately 375 hours (until 13 December 2021). The maintenance
organisation ceased trading in 2016 and detailed engine overhaul records were not available
to the Investigation. However, there was no record of engine cylinder replacements since
engine overhaul in the records that were available to the Investigation.




1.7.2.3 Engine Overhaul Procedures

Instructions for the assembly of the crankcase halves are contained in the Engine
Manufacturer’s Overhaul Manual. The revision extant at the time of engine overhaul was
dated October 1997. The procedure for sealing the mating surfaces of the crankcase halves in
that revision of the manual required that an adhesive (‘Permatex No. 3D’) be applied to the
left-hand crankcase half in the areas shown in Figure No. 2. The procedure also required silk
thread to be laid on top of the Permatex. The procedure instructs to ‘apply Permatex only in
areas where thread is shown’. The Permatex holds the silk thread in place. The silk thread,
together with the Permatex act as a gasket/seal. The crankcase main bearing saddle mating
surfaces are not shown in the figure.

SPACE THREAD
EVENLY BETWEEN
BOLT HOLES AND

EDGE OF G/C

FLANGE — PERMATEX

SILK —

THREAD

Cranl{shaft Vcintre‘ine (annotatjed by the InVestigation)

T

CROSS THHEAD_/ THREAD C/C ACCORDING TO PROCEDURE

LISTED IN STEPS 1 THRU 5.

-AVIATION === ===== GRADE D SILK
PERMATEX THREAD P/N 641543
NO. 3D

Figure No. 2: Permatex and silk thread application areas
(From Engine Overhaul Manual extant at the time of engine overhaul)

The Engine Manufacturer published a Service Information Letter, SIL 99-2, on 29 March 1999,
titled ‘Current listing of sealants, lubricants, & adhesives authorized by TCM [Teledyne
Continental Motors]’. This SIL was extant at the time of engine overhaul and included a
detailed diagram highlighting where Permatex and silk thread were to be applied and warned
to ‘Apply thread and permatex only as illustrated’ (Figure No. 3). The use of Permatex and silk
thread at the mating surfaces of the crankcase main bearing saddles was not depicted.



SILK THREAD P/N 641543 NOT REQUIRED IN THESE POSITIONS
IF USING THROUGH BOLTS P/N 652420-5.56, 652420-6.80, 652420-

9.02 OR 652420-9.42 WITH NEW O-RINGS P/N 630979-9

SEE DETAIL'A
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DETAIL'A FOR
CRANKCASES WITH
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THROUGH NOSE

FIGURE 4. 10360, L/TSI0360 CRANKCASE THREADING DIAGRAM

CRANKCASE SEALANT AND THREADING
PROCEDURE

1. Use full strength non-thinned Permatex aviation
grade 3D. Shake or mix well before using.

WARNING

Apply thread and permatex
illustrated.

only as

2. Apply Permatex Number 3D to the 2-4-6 case
half. Apply Permatex only in areas where thread
is shown. When applying. use short light brush
strokes until an even thin coat is obtained. The
Permatex should be viscous enough that most of
the brush marks disappear: if not. use a new can
of Aviation Permatex. Allow the Permatex to air
dry to a tacky condition before threading.

NOTE...
Do not apply Permatex to crankshaft nose seal
area.

3. Apply a thin translucent coat of TCM Gasket
Maker P/N 646942 not to exceed .010 inch thick
to 1-3-5 case half. Apply Gasket Maker in all
areas that will mate with areas where Permatex
was applied on 2-4-6 case half.

4. Apply and position grade D silk thread P/N
641543 on 2-4-6 case half as specified in Figure
4. Be swe free ends of thread are covered by
gaskets except af the nose oil seal.

5. Clean crankcase crankshaft front oil seal land
with Locquic Primer “N™ and apply an even
coat of gasket maker.

6. Assemble crankcase halves. install and torque
all crankcase hardware in proper sequence in
accordance with the applicable overhaul manual
as soon as possible.

NOTE...

Take care to prevent displacement or damage to the
crankshaft oil seal and silk thread. Insure thrust
washer halves and bearing halves remain in place.

ISSUED REVISED 1? TELEDYNE PAGE NO | REVISIO
N
CONTINENTAL MOTORS
MO | DAY | YEAR |MO | DAY | YEAR An Allegheny Teledyne Company 13 of 28
03 29 99 P.0. Box 90 Mobile AL 36601 ® 334-438-3411 5]L99-2

Figure No. 3: Crankcase sealant and threading procedure (SIL 99-2, 29 March 1999)

The latest revision of this SIL is SIL99-2, Revision C, dated 16 September 2014. This revision
contains a detailed colour-coded diagram, outlining the areas where Permatex and silk thread
should be used and the areas where it is prohibited, specifically at the mating surfaces of the
main bearing saddles (Figure No. 4). This diagram is also contained in the Engine
Manufacturer’s Standard Practices Manual, dated 15 September 2019.
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Figure No. 4: Permatex and silk thread application (SIL 99-2 C/Standard Practices Manual)

The Engine Manufacturer’s Service Bulletin SB96-7C, titled ‘Torque Limits’ (dated 8 February
2005), which was extant at the time of overhaul, contained the following warning regarding
the use of sealants (Figure No. 5):

THE USE OF SEALANTS OR LUBRICANTS OTHER
THAN THOSE SPECIFIED BY TCM ON MATING
THREADS AND BETWEEN MATING SURFACES
CAN CAUSE INCORRECT TORQUE APPLICATION
AND SUBSEQUENT ENGINE DAMAGE OR
FAILURE.

Figure No. 5: Warning contained in SB96-7C

The following revised warning is contained in the latest revision of the Service Bulletin,
SB76-7D, dated 11 August 2015 (Figure No.6):

WARNING

USE ONLY CLEAN 50 WEIGHT AVIATION ENGINE OIL APPLIED
ON SURFACES LISTED, UNLESS OTHERWISE SPECIFIED.

Do not apply any form of sealant to the crankcase cylinder deck, cylinder deck
chamfer, cylinder mounting flange, cylinder base O-ring, cylinder fastener
threads, or crankcase main bearing bosses. The use of RTV, silicone, Gasket
Maker or any other sealant on the areas listed above during engine assembly
will cause a loss of cylinder deck stud or through-bolt torque. Subsequent loss
of cylinder attachment load, loss of main bearing crush and/or fretting of the
crankcase parting surfaces will occur. The result will be cylinder separation
from the crankcase, main bearing movement, oil starvation, and catastrophic
engine failure.

Figure No. 6: Warning contained in SB96-7D



1.8 Engine Examination
1.8.1 Initial Observations

The AAIU inspected the aircraft following the occurrence and found that the No. 3 cylinder
had separated from the crankcase of the right-hand engine, and that there was associated
damage to ancillary components (Photo No. 3 and No. 4).

Photo No. 3: Detached No. 3 cylinder Photo No. 4: Detached No. 3 cylinder
(highlighted) and damage to ancillary (viewed from above)
components (viewed from side)

The base of the cylinder was intact but had suffered distortion in the area of the No. 3 stud
hole, which is on the lower side of the cylinder when installed (Photo No. 5 and No. 6). There
was also impact damage to some areas of the cooling fins.

Photo No. 5 (left) and No. 6 (right): Separated cylinder with distortion at base

Five of the six deck studs and the two throughbolts from the No. 3 cylinder had fractured. A
section at the top of both crankcase halves had broken away. The break was such that the
threaded hole in the right-hand crankcase half for the forward upper deck stud (the No. 1
stud) was exposed and the associated stud had detached (Photo No. 7). The separated piece
from the right-hand crankcase half contained two deck studs which had also fractured. Several
other damaged parts, including the two halves of the No. 3 big-end bearing, nuts, and
fractured stud fragments were found within the engine itself and in the aircraft’s right-hand
engine compartment (Photo No. 8). The big-end cap bolts at the No. 3 con-rod (connecting
the piston to the crankshaft) had fractured and the No. 3 con-rod had detached from the
crankshaft and was distorted. The skirt of the No. 3 piston was destroyed; however, the piston
crown remained intact.



1.8.2

1.8.2.1

Photo No. 8: Damaged parts found within the
crankcase half and fractured studs engine and engine compartment

An intact deck stud, without a nut installed, was found within the separated cylinder (Figure
No. 7). Rust was present on the threads, where the nut would normally be fitted.

Intact deck stud

Spark plug —»

Figure No. 7: Intact deck stud inside separated cylinder

Torque (Tightness) Checking of Fasteners
Introduction

The Engine Manufacturer’s Maintenance Manual for the engine does not contain a
requirement to conduct in-service torque checking of the cylinder retention nuts. Due to the
nature of the damage observed, the Investigation sought to establish if the cylinder retention
nuts had been at the Manufacturer’s specified torque prior to the occurrence.

Various methods of checking the tightness of an installed fastener, such as a nut, are outlined
below. However, when a nut has been tightened to the relevant manufacturer’s specified
torque, operating conditions and factors such as static friction between a nut and its stud, or
between a nut and the part being secured, can adversely affect the results of a subsequent
check. Consequently, a post-occurrence torque check can only provide indicative results.



e ———————————
1.8.2.2 Tightening Method

In this method, a torque wrench is used to apply a torque to a fastener in the tightening
direction. In theory, the fastener should not move at torque values less than the tightening
torque specified for the fastener.

1.8.2.3 Loosening Method

When using this method, a torque wrench is used to apply a torque to a fastener in the
loosening direction. In theory, similar to the tightening method outlined above, the fastener
should not move at torque values less than the specified tightening torque.

1.8.2.4 Loosening followed by Tightening Method

This method requires the angular position of a fastener to be marked before the fastener is
loosened. The fastener is then loosened and tightened again. The torque required to tighten
the fastener to the marked position should be consistent with the specified torque.

1.8.3  Spiralock Nuts

Spiralock® nuts utilise a 30° wedge ramp at the root of the internal (female) thread (i.e. inside
the nut) (Figure No. 8). According to the nut manufacturer’s website!!, the wedge ramp is
designed so that as the nut is tightened, the crest of the bolt thread is ‘drawn tightly against
the wedge ramp, creating a continuous spiral line of contact along the entire length of thread
engagement’; and as the clamping load is increased, the wedge eliminates ‘the radial
clearance that allows fasteners to begin self-loosening under vibration’.

r '1 v', \' ' '

p L

.

AVAV/

Wedge ramp Spiralock™
female thread

Figure No. 8: Spiralock® thread design (From Spiralock® Manufacturer’s website)

The Engine Manufacturer’s Service Bulletin SB96-7C, titled ‘Torque Limits’, which was extant
at the time of engine overhaul, provided ‘torque values for fasteners [nuts/bolts] utilized on
all TCM engines’. It refers to the use of ‘Spiralock® nuts on the con-rod (big-end bearing cap)
bolts. The Engine Manufacturer informed the Investigation that it now uses Spiralock® nuts
on the deck studs/throughbolts. It was unaware of any comparative studies regarding in-
service security of the Spiralock® nuts versus non-Spiralock® nuts when used on the deck
studs/throughbolts.

11 https://www.stanleyengineeredfastening.com/en/brands/Optia/Spiralock/Technology (Accessed 30 January
2024).



1.8.4

Spiralock® nuts are identified with the letters ‘SPL’. These letters were stamped on the nuts
from No. 3 con-rod big-end bearing cap bolts. The cylinder retention nuts were not marked
with ‘SPL’.

Detailed Examination of Right-Hand Engine

Prior to the removal of the right-hand engine, it was noticed that the upper throughbolt nut
at the No. 2 cylinder was not present (Photo No. 9). This throughbolt is also used to secure
the No. 3 cylinder (to the other side of the engine). The throughbolt, which is the No. 6
throughbolt at the No. 3 cylinder, did not appear to have moved axially towards the No. 3
cylinder position. The threads, where the nut should have been present, appeared to be clean
and did not appear to be corroded.

There was evidence of an orange-coloured nut-marking compound at the base of the No. 2
cylinder adjacent to a retention nut. However, the compound did not appear to be present on
the retention nut itself and was not apparent at other nuts. A representative from the
maintenance organisation that had overhauled both engines (Section 1.7.2.2) informed the
Investigation that a procedure for marking the cylinder base nuts using this compound had
been in use at the maintenance organisation (to indicate the tightened position of the nuts).

*

Photo No. 9: Nut missing at upper throughbolt and nut-marking compound at No. 2 cylinder

The right-hand engine was removed from the aircraft by an approved maintenance
organisation in the presence of the AAIU. The engine was shipped to a UK-based approved
engine overhaul facility for disassembly and further examination. The engine was
disassembled in the presence of a UK Air Accidents Investigation Branch (AAIB) Inspector,
acting on behalf of the Investigation.

A tightness check of the nuts securing the five remaining cylinders was carried out using the
tightening method (Section 1.8.2.2). It was found that the nuts fitted to the upper
throughbolts at the No. 1 and No. 4 cylinders moved at a torque setting that was below the
specified torque. One of the crankcase-securing nuts located below cylinders No.3 and No. 5
was loose.



The big-end bearing cap bolts at the five-remaining con-rods were found to be present and
secure. When the crankcase halves were separated, evidence of fretting'? and what appeared
to be silk thread, was found on the mating surfaces of all main bearing saddles (Figure No. 9).
The Investigation notes that silk thread should not be used on these surfaces (Section 1.7.2.3).

Figure No. 9: Evidence of fretting and silk thread (two areas highlighted as examples)

The crankshaft was found to be free from damage except at the No. 3 big-end*3 journal, which
was scuffed and scratched. There was no damage to the surfaces of the main and big-end
bearings and therefore the lubrication system was deemed to have been operating
satisfactorily. No pre-existing engine defects were identified. The approved engine overhaul
facility’s disassembly report noted that the fuel nozzles appeared to be satisfactory and that
there was no evidence of detonation'®. The report included the following possible sequence
of events:

‘Cylinder base through bolt nuts relieved [loosened], [and] continued to loosen as the
engine operated. The cylinder assembly would have become sufficiently loose [...] to
move off the centre stroke line, resulting in the piston [...] to wedge/seize in the cylinder
bore and forcibly remove the cylinder from its fixing points. The piston and con-rod drive
train now still rotating [...] would eventually shear itself from the crankshaft’.

1.8.5 Examination of Left-Hand Engine

Due to the nature of the findings observed during the disassembly of the right-hand engine,
and because both engines were overhauled by the same maintenance organisation around
the same time, the aircraft owner arranged for the removal and disassembly of the left-hand
engine. The following observations were noted during disassembly of the left-hand engine:
On some cylinder retention nuts, the orange-coloured compound used to indicate the
tightened position of the nuts was intact (Photo No. 10, which shows the No. 3 cylinder),
whereas at other nuts, pieces of the compound were not intact (Figure No. 10, which shows
the No. 6 cylinder). It was observed that the nuts themselves did not to appear to have shifted
relative to the position marked by the compound.

12 Fretting: A wear process that occurs at the contact area between two materials under load and subject to
minute relative motion due to vibration or some other force.

13 Also known as a rod journal.

14 Detonation: ‘The spontaneous combustion of an unburned charge [fuel-air mixture] which occurs ahead of the
flame front after normal ignition’. Ref. FAA Advisory Circular 33.47-1. Detonation can cause engine failure.



Figure No. 10: Condition of nut-marking compound at No. 6 cylinder retention nuts

The tightness (torque value) of all cylinder retention nuts was checked using the tightening
method and none of the nuts moved below the minimum specified torque value. The tightness
of the big-end cap nuts was also checked using the tightening method and none of the nuts
moved below the minimum specified torque value. However, when the tightness of the big-
end cap nuts was measured in the loosening direction, nearly all the nuts loosened at values
lower than the minimum torque value. When the crankcase halves were separated, circular

markings were observed at the mating surfaces of the main bearing saddles (Figure No. 11).
Fretting was also evident.

Evidence o)‘ _

Figure No. 11: Circular markings and fretting at main bearing saddle mating surfaces



1.9 Metallurgical Examination
1.9.1 Introduction

Several items from the disassembled right-hand engine were sent to a specialist facility for
detailed metallurgical examination and analysis, including the following:

e The two crankcase halves and several crankcase fragments (the right-hand crankcase
half contained three fractured deck studs and the liberated section contained two
fractured deck studs).

e The big-end bearing cap from the No. 3 con-rod, which contained a fractured bolt
portion.

e One intact stud, a big-end bearing cap bolt, nuts, and fragments of studs, which had
been found within the engine and the engine compartment.

The results of the analysis are contained below. Further details are contained in Appendix A.

1.9.2 Crankcase

The fracture surfaces of the broken crankcase were found to be consistent with instantaneous
overloading.

1.9.3  Cylinder Retention Studs

Five of the six deck studs for the No. 3 cylinder had fractured; the other deck stud remained
intact. Three fractured deck studs remained secured in the lower part of the right-hand
crankcase half (No. 2, 3, and 4) (Photo No. 11). This crankcase half was sectioned (cut) to
extricate the fractured studs. Two further deck studs (No. 7 and No. 8) remained secured in
the liberated section of crankcase (Photo No. 12). The cylinder’s two throughbolts (at the
No. 5 and No. 6 positions) had also fractured. Fragments from five deck studs and one
throughbolt were amongst the items that had been found within the right-hand engine and in
the right-hand engine compartment of the aircraft.

Photo No. 11: Stud portions Photo No. 12: Stud portions remaining in
remaining in right-hand crankcase liberated section of right-hand crankcase half
half (highlighted in red) (highlighted in red)



By comparing their fracture surfaces and lengths, the recovered deck stud fragments could be
matched with the portions of studs No. 2, 3, 4, 7 and 8. It was also possible to match a
fragment to the throughbolt that was located in the No. 5 position. The fracture surface of the
No. 6 throughbolt sustained damage during engine disassembly; the outer fragment of this
throughbolt was not recovered. The intact stud was deemed to be from the No. 1 position, as
the positions of the fragments were identified and because the fracture plane in the crankcase
had passed through the No. 1 position. (Figure No. 12).

No.7
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Figure No. 12: Recovered studs, throughbolts and fragments (each white square is 5 x 5 mm)
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Visual examination showed that all seven of the failed cylinder studs exhibited the following
similar fracture characteristics (Figure No. 13 shows stud No. 8 as an example):
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Figure No. 13: Fracture characteristics of failed studs (No. 8 shown as an example)

e The metallurgist noted that ratchet markings®® on their fracture surfaces indicated that
in most cases, multiple, incipient fatigue® cracks had initiated within a thread root,
around a significant proportion of the stud.

e The metallurgist also noted that crack propagation markings'’ indicated that the
incipient cracks had coalesced after a short distance to form a single crack front. Stable
fatigue crack growth extended across the majority of the diameter, before final
separation occurred. The metallurgist considered that this was consistent with high-
cycle fatigue'® failure, under the influence of cyclic stresses of low amplitude.

15 Ratchet Markings: Macroscopic steps in the edge of a fracture surface, formed when two adjacent crack planes
coalesce.

16 Fatigue: The progressive, localised, and permanent structural change that occurs in a material subjected to
repeated or fluctuating strains at nominal stresses that have maximum values less than the static yield strength
of the material. Fatigue may culminate in cracks and cause fracture after a sufficient number of fluctuations.

17 crack propagation markings: Macroscopic concentric markings on a fracture surface, which denote the
position of the crack front at different stages of stable fatigue crack growth. Their centre of curvature identifies
the location of crack initiation.

18 High-Cycle Fatigue (HCF): A type of fatigue caused by a large number of cycles of low amplitude stress resulting
in elastic (i.e. non-permanent) deformation before failure occurs.
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e Metallurgical analysis determined that there was no evidence of pre-existing material
or mechanical defects or corrosion pits at the sites of crack initiation, and that although
a significant degree of rust was present on many of the studs, there was no evidence
to indicate that it had participated in fatigue crack initiation.

e There was no evidence of threads being stripped from the deck studs or the
throughbolts.

Big-End Bearing Cap Fasteners

One of the two bolts, which had retained the big-end bearing cap on the No. 3 con-rod, had
fractured (bolt position No. 1 in Figure No. 14). The shank of this bolt, including its head,
remained within the bearing cap. The lower portion of the bolt, with the nut still attached was
amongst the fragments, which had been found within the engine. The intact other bolt (from
bolt position No. 2 in Figure No. 14) was recovered. Its nut was also recovered.

Bolt position No. 2 | =t Bolt position No. 1

STABLE FATIGUE FINAL
CRACK GROWTH SEPARATION

Figure No 14: No. 3 con-rod big-end bearing cap and fracture surface of Bolt No. 1

The fracture plane of Bolt No. 1 approximately coincided with the joint between the cap and
the con-rod. The metallurgist noted that localised bending and necking (narrowing) of the
shank were evident, adjacent to the fracture plane. On one side of the fracture, there was a
thumbnail shaped region, which the metallurgist considered was consistent with stable
fatigue crack growth, that extended inwards from the surface for 1.5mm. There was no
macroscopic evidence of pre-existing material defects or corrosion pits associated with fatigue
crack initiation. The metallurgist considered that the remainder of the fracture surface was
consistent with final separation, when the remaining uncracked ligament became overloaded,
due to the advancing fatigue crack. This region was large, in comparison with the region of
stable fatigue crack growth. Also, 45° shear lips were present around most of the
circumference of the fracture plane, resulting in a ‘cup and cone’® type fracture (left-hand
image in Figure No. 15). The metallurgist noted that these characteristics were consistent with
a low cycle fatigue failure, under the influence of cyclic stresses of high amplitude.

1% Cup and cone fracture: Failure characteristic of a ductile material in tension, i.e. a material that deforms
considerably before failure. The fractured component will usually exhibit necking (narrowing) as a result of
stretching. The fracture in the central part of the component will be flat (tensile failure), whereas the fracture
near the surface is a shear failure that results in 45° shear lips.
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Flattening of threads

Figure No. 15: No. 3 con-rod big-end bearing cap bolts

The letters ‘SPL’ were stamped on the outside edge of the flange of the nut fitted to the
fractured big-end bearing cap No. 1 bolt, and on the nut from the No. 2 bolt, indicating they
were of the ‘Spiralock’ type (Section 1.8.3). The nut of bolt No. 1 had backed off from its fully
torqued position and the end of the bolt was slightly recessed within it. The crowns of the
exposed threads had been worn flat, which the metallurgist considered was due to rubbing
against the bore in the big end of the conrod. Bolt No. 2 had not fractured but had migrated
from its bore in the bearing cap. The crowns of all but the first two to three threads of Bolt
No. 2 (counted from the end of the bolt) had been worn flat, by rubbing against the bore in
the big-end of the con-rod. The metallurgist considered that this indicated that the nut had
backed off in service and had completely disengaged from the bolt, allowing the latter to
migrate from its bore. The metallurgist considered that the low-cycle fatigue?® fracture of the
No. 1 bolt was most likely the result of abnormal loading, caused by the backing off and loss
of the nut from the No. 2 bolt.

Alloy Compositions and Hardness
Introduction

To determine if the alloy composition and hardness?! of the cylinder retention studs were
factors in their failure, tests were conducted to establish if the studs met the Engine
Manufacturer’s specifications regarding these characteristics.

20 Low-Cycle Fatigue (LCF): A type of fatigue caused by a low number of cycles of high-amplitude stresses that
result in plastic (i.e. permanent) deformation before failure occurs.
21 Hardness: A characteristic of a material that describes how well the material resists local plastic deformation.
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Alloy Composition

The metallurgist analysed the alloy compositions of one fractured deck stud (No. 3) and one
fractured throughbolt (No. 6). Both met their respective specifications.

Hardness

The metallurgist cut sections from the ends of each of the deck studs and from the
throughbolts. The hardness of each of the studs was then determined on the cut surfaces,
using a Rockwell C hardness tester, which measures the hardness as a ‘HRC??’ value. The
results are shown in Table No. 2.

Stud/Throughbolt No.

Hardness (HRC)

Table No. 2: Hardness of cylinder retention studs

According to the Engine Manufacturer’s specifications, the hardness of the deck studs (No. 1,
2, 3,4, 7, and 8) should be from 32 to 38 HRC. All deck studs were found to be within this
range, with the exception of the No. 2 deck stud, which was found to have a hardness of
29 HRC. The Engine Manufacturer’s specification for the hardness of the throughbolts (No. 5
and No. 6) is 38 HRC to 42 HRC. The throughbolts were found to meet this requirement. The
hardness of the No. 2 deck stud was below the minimum specified value; however, as the
hardness of all the other studs met the specified requirements, the metallurgist considered it
unlikely that the hardness of the No. 2 deck stud made a significant contribution to the
occurrence.

Metallurgist’s Summary
General

Seven of the eight cylinder retention studs/throughbolts suffered high-cycle fatigue fractures,
which had allowed the cylinder to separate from the crankcase. The metallurgist stated that
it was not possible to determine the order in which the fatigue cracks initiated. However, the
metallurgist considered it highly likely that their periods of stable fatigue crack growth had
overlapped to a significant degree.

The metallurgist noted that the following observations indicated that the cylinder stud failures
had occurred under the influence of low-amplitude/high-cycle loading (i.e. HCF failures),
whereas the bearing cap bolt failure had occurred more rapidly, under the influence of high-
amplitude/low-cycle loading (i.e. LCF failures).

Cylinder Studs

e In most cases, crack initiation had occurred around a large proportion of the
circumference of the stud, from multiple sites, with no apparent pre-existing defects.

e The regions of stable fatigue crack growth on the fracture surfaces were large, in
comparison with those of final separation.

e When viewed at high magnification (Appendix A), the fatigue regions of the fracture
surfaces showed fine fatigue striations?3.

22 HRC: Hardness Rockwell C.
23 Striations: Microscopic marks produced on the fracture surface that show the incremental growth of a fatigue
crack. A striation marks the position of the crack tip at the time it was made.
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No. 1 Bearing cap bolt

e The crack had initiated from a small proportion of the bolt’s circumference.

e The region of stable fatigue crack growth was small, in comparison with that of final
separation.

e When viewed at high magnification (Appendix A), the region of stable fatigue crack
growth did not show fine fatigue striations. Instead, it showed ductile dimples, which
are usually found on regions of overload fracture. When such features are present on
a region of fatigue crack growth (as identified by macroscopic evidence), it is an
indication that the amplitude of the cyclic stress was very high, i.e. close to the yield
stress of the alloy. Under such loading conditions, it would be expected that the
number of cycles to failure would be small.

e It is reasonable to assume that the complete separation of the bearing cap from the
big-end of the con-rod [on a running engine] would have been detected, if it had
occurred much before the separation of the cylinder. This suggests that final
separation of the fatigue-cracked bearing cap bolt occurred at more or less the same
time that the cylinder departed the engine.

Based on the evidence summarised above, the metallurgist considered it likely that the engine
failure had developed in the following sequence:

e High-cycle fatigue cracks initiated and grew in seven of the eight cylinder
studs/throughbolts. It is unlikely that the fatigue cracks in the seven cylinder
studs/throughbolts either initiated at the same time, or finally separated at the same
time. However, it is likely that their periods of stable crack growth overlapped to a
significant degree.

e Separation of one or more of the cylinder studs allowed the cylinder to oscillate in an
abnormal manner. Consequently, abnormal levels of vibration were transmitted
through the piston into the big-end of the con-rod. As more cylinder studs separated
on a consecutive basis, the level of abnormal vibration increased accordingly.

e Eventually, the level of abnormal vibration caused the bearing cap nuts to
progressively loosen. On one of the bearing cap bolts, the nut disengaged completely,
and the bolt worked its way out of its bore.

e Disengagement of one of the bearing cap bolts caused very high levels of cyclic bending
stress to be exerted upon the remaining bearing cap bolt. This caused it to suffer a low-
cycle fatigue fracture, over a relatively short period of operation. Consequently, the
bearing cap separated from the big-end of the con-rod.

e Separation of the bearing cap caused the piston to become detached from the con-
rod. The extreme loading resulting from this caused:

o Separation of whatever uncracked ligaments remained on the already
cracked cylinder studs and;

o Separation of the region of the crankcase surrounding the single uncracked
cylinder stud. Consequently, the cylinder separated from the engine.
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Bolted Joints

Regarding bolted joints, the following is an extract from the American Society for Metals
(ASM) Handbook (Volume 11, Failures of Manufactured Components and Assemblies, Failures
of Mechanical Fasteners - Causes of Fastener Failures):

‘In the theory of joint design, the ideal application can be represented as a situation in
which there is a rigid structure and a flexible or elastic fastener. The bolt [or stud] then
behaves like a spring. When the bolt [or stud] is preloaded [by tightening the fastener]
or when the spring is stretched, a stress is induced in the bolt [or stud] (and a clamping
force in the structure) before any working load is encountered. As the working load is
applied, the preloaded bolt [or stud] does not encounter an additional load until the
working load equals the preload in the bolt [or stud]. At this point, the force between
members is zero. As more load is applied, the bolt must stretch. Only beyond this point
will any cyclic working load be transmitted to the bolt [or stud]’.

Itis further explained that in an actual application, the fastener will experience some increases
in load before the working load equals the preload, due to the elasticity of the structural
members (in this case, the engine cylinder and crankcase).

Meteorological Information

The Irish Meteorological Service, Met Eireann, provided the Investigation with a description
of the estimated meteorological conditions for the vicinity of Newcastle, Co Wicklow on
17 December 2021 at approximately 15:22 hrs (Table No. 3).

Meteorological Situation: Ireland lies in a light to moderate south-east
airflow maintained by an anticyclone of 1043
Hectopascals (hPa) centred near the east coast of
England.

Surface Wind: South-east, 2-5 Kt (knots)
Wind at 2,000 ft: South-east, 8-12 Kt
Between Surface and 300 ft: South-east or variable, 5 Kt

Visibility: 30 km

Weather: Dull and overcast

Cloud: An overcast (8 Oktas??) layer of stratus clouds with
bases between 1,000 ft and 1,300 ft

I R E N E e TP RV H 8/5 degrees Celsius

Mean Sea Level (MSL) Pressure: 1032 hPa

Freezing Level: 10,000 ft

Table No. 3: Estimated Meteorological conditions, Newcastle area at time of occurrence

Met Eireann also provided the Investigation with a report of the estimated meteorological
conditions for EIWT at approximately 16:00 hrs. It stated that the visibility was also 30 km and
that the weather was bright and dry, with few (1-2/8 Oktas) stratus clouds with bases around
1,200 ft to 1,500 ft. The surface wind reported was from the east at 3-5 kt, and the wind
between the surface and 300 ft was east to south-east at 5 kt.

24 Okta: A unit used to express the extent of cloud cover equal to 1/8 of the sky.
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2. ANALYSIS

2.1 Introduction

The aircraft’s right-hand engine failed when the aircraft was in the latter stages of a flight from
EGHH to EIWT and was approximately 1.5 NM from Ireland’s east coast. Following the failure,
the Pilot secured the engine and declared a MAYDAY to Dublin ACC, who provided information
to the Pilot regarding potential diversionary airfields. The Pilot elected to continue to EIWT,
where a single engine landing was performed on RWY 25.

When the AAIU inspected the aircraft following the occurrence, it was observed that the
No. 3 cylinder had separated from the crankcase of the right-hand engine, and that there was
associated damage to the engine and ancillary components. It was also observed that several
of the deck studs and the two throughbolts from the No. 3 cylinder had fractured and a section
of the crankcase had broken away.

The Investigation sought to establish the cause of the failure and the failure sequence,
particularly whether the con-rod or the cylinder had separated first.

2.2 General

The Pilot’s licence and medical were valid at the time of the occurrence. The aircraft’s
airworthiness certification was also valid.

2.3 Engine Failure Analysis
2.3.1 General

In this case, five of the six deck studs and the two throughbolts at the No. 3 cylinder had
fractured and the No. 3 cylinder had separated from the engine. The other deck stud, which
was determined to be from the No. 1 position, was intact, and was found within the separated
cylinder (Section 2.3.3). In addition, the nut on one of the two big-end cap bolts on the No. 3
con-rod had loosened and the bolt had fractured. The nut on the other big-end bearing cap
bolt had completely unscrewed, the bolt had migrated from the con-rod, and the No. 3 con-
rod had detached from the crankshaft. The migrated bolt and its separated nut were found
within the engine and engine compartment subsequent to the occurrence. Engine
disassembly identified that the engine’s lubrication system was operating satisfactorily and
that there were no pre-existing defects with the engine. Metallurgical analysis determined
that the fractured deck studs and throughbolts failed due to high-cycle fatigue. Metallurgical
analysis also determined that the deck studs and throughbolts were of the correct
specification in terms of material composition and hardness and that there was no evidence
of corrosion pits, pre-existing material or mechanical defects at the sites of crack initiation.

High-cycle fatigue is characterised by a large number of cycles of low amplitude stress. When
acylinder retention stud is correctly preloaded, as a result of its associated nut being tightened
to the Engine Manufacturer’s specified torque, the stud would not normally encounter
significant fluctuating loads. However, if the preload on a stud is reduced, due to a reduction
in the torque (tightness) of its associated nut, the loads on the cylinder, which are of a rapid
cyclical nature during engine operation, would result in the stud also experiencing cyclical
loads and hence would be conducive to high-cycle fatigue.
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Torque Check of Cylinder Retention Nuts

When the right-hand engine was inspected subsequent to the occurrence, it was observed
that the nut fitted to the upper throughbolt at the No. 2 cylinder was not present. The upper
throughbolt at the No. 2 cylinder (i.e. the No. 6 throughbolt), like all throughbolts on the
engine, passes through the crankcase halves, and in this case, is also used to secure the No. 3
cylinder at the upper throughbolt position. The throughbolt had suffered a high-cycle fatigue
failure at the No. 3 cylinder side, which indicates that the nut on the No. 3 cylinder side had
been present leading up to the failure. The observation that the throughbolt did not appear
to have moved axially, towards the No. 3 cylinder position, and that the threads at the No. 2
cylinder side appeared to be clean and uncorroded, indicate that the nut at the No. 2 cylinder
side also had likely been present in the period leading up to the failure. During disassembly of
the engine, the torque (tightness) of the nuts securing the remaining cylinders was checked.
It was found that the nuts fitted to the upper throughbolts at the No. 1 and No. 4 cylinders
moved at a torque setting that was below the Engine Manufacturer’s specified torque. Also,
one of the crankcase nuts located below cylinders No. 3 and No. 5 was loose. However, it is
likely that the engine failure sequence resulted in significant abnormal loads and vibration on
the engine, which could have resulted in a loss of torque on these nuts. Therefore, no
conclusions can be made regarding the likely tightness of these nuts prior to the occurrence.

Intact Deck Stud

One deck stud was found intact within the separated No. 3 cylinder. The intact stud was
deemed to be from the No. 1 position, as the positions of the fragments from the fractured
studs and throughbolts were all identified and because the fracture plane in the crankcase had
passed through the No. 1 position. The threads, where the nut would normally be fitted, had
evidence of rust. This indicates that a nut had been missing from this stud for a period of time.
A missing nut from the No. 1 deck stud would likely result in an increased load on the other
deck studs and the two throughbolts, with possible stretching and a consequent loss of torque
(tightness) of the associated nuts and eventual fatigue failure of the deck studs and
throughbolts.

Engine Overhaul Procedures

The Engine Manufacturer’s Service Bulletin SB96-7C, titled ‘Torque Limits’, extant at the time
of engine overhaul, warned that the use of sealants other than those specified between
mating surfaces can cause incorrect torque application and subsequent engine damage or
failure. When tightened, the cylinder retention nuts fitted to the throughbolts clamp the main
bearing saddle mating surfaces of each crankcase half together. The use of silk thread on the
main bearing saddle mating surfaces can adversely affect the clamping loads and result in
relative movement and associated fretting. This movement could lead to a reduction in torque
on the nuts fitted to the throughbolts and a consequent reduction in preload. Any loss of
preload on the throughbolts could lead to fatigue and eventual failure. Loss of preload on the
throughbolts could also result in an increased load on the deck studs, possible stretching and
consequent loss of torque (tightness) of the associated nuts, and fatigue failure of the deck
studs.



Both engines were overhauled by the same maintenance organisation in July-August 2010 and
had operated for approximately 375 hours since overhaul. When the failed right-hand engine
was disassembled subsequent to the occurrence, evidence of what appeared to be silk thread,
was found on the mating surfaces of all main bearing saddles. There was also evidence of
fretting. The revision of the Engine Manufacturer’s Overhaul Manual extant at the time of
engine overhaul (dated October 1997) contained a diagram (Figure No. 2, Section 1.7.2.3)
which showed where Permatex and silk thread were to be applied (on the outermost mating
surfaces on the crankcase halves). The crankcase main bearing saddle mating surfaces were
not shown in the figure and therefore there was no requirement to apply the Permatex and
silk thread to these surfaces. However, this was not explicitly stated. Later revisions of the
diagram highlighted the main bearing saddle mating surfaces as prohibited areas regarding
the application of Permatex and silk thread.

Because both engines were overhauled by the same maintenance organisation around the
same time, the aircraft owner arranged for the removal and disassembly of the undamaged
left-hand engine. When the left-hand engine was disassembled, circular markings were
observed at the mating surfaces of the main bearing saddles. These markings indicate that silk
thread had been used at these locations. Fretting was also evident. As advised by a
representative from the maintenance organisation that had overhauled the engines, a nut-
marking compound had been in use at the organisation to indicate the tightened position of
the cylinder retention nuts. This orange-coloured compound was not intact on all cylinder
retention nuts on the left-hand engine. However, the nuts did not appear to have shifted
relative to the position marked by the compound, and when the torque (tightness) of all nuts
was checked in the tightening direction using a torque wrench set to the minimum specified
torque setting, none was found to move below that value. Notwithstanding that a post-
occurrence torque check can only provide indicative results, the fact that none appeared to
move at less than the specified torque suggests that the nuts on the left-hand engine had not
loosened in service, despite the presence of the silk thread and fretting. Therefore, the
incorrect use of silk thread and Permatex may not have been a factor in the failure of the right-
hand engine.

Regarding the failed right-hand engine, there was evidence of an orange-coloured nut-
marking compound at the base of the No. 2 cylinder adjacent to a retention nut. However, the
compound did not appear to be present on the retention nut itself and was not apparent at
other nuts. This could indicate cylinder removal/replacement subsequent to the overhaul of
the engine. However, there was no record of engine cylinder replacement since engine
overhaul in the records that were available to the Investigation.

2.3.5 Failure Sequence

Metallurgical analysis identified that the fractured big-end bearing cap bolt had fractured due
to low-cycle fatigue (characterised by a low number of cycles of high-amplitude stress),
whereas the cylinder deck studs and throughbolts failed due to high-cycle fatigue
(characterised by a large number of cycles of low amplitude stress). This indicates that the
cylinder deck studs and throughbolts failed first.
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A failure of the deck studs and throughbolts would allow the cylinder to separate from the
crankcase. The movement of the piston would then be unrestrained, and damage to the
piston, con-rod and crankcase would be inevitable. In this case, the liberated section of
crankcase contained two fractured deck studs, indicating that the studs fractured prior to the
crankcase fracturing. Further indication that the cylinder deck studs and throughbolts failed
first was that the crankshaft’s No. 3 big-end (rod) journal was undamaged except for
scratching and scuffing. Had the big-end bearing cap loosened first, it is likely that the
crankshaft would have suffered more significant damage. This failure sequence is also
consistent with that proposed by the metallurgist and by the approved maintenance
organisation that disassembled the engine following the occurrence and prior to metallurgical
analysis being carried out.

Due to the presence of corrosion on the threads of the intact No. 1 deck stud, where a nut
would normally be fitted, the Investigation considers it likely that the initiating event in the
failure sequence was a loss of the nut securing that stud. This likely resulted in increased load
on the remaining studs and the two throughbolts, causing an eventual loss of preload on those
studs and throughbolts leading to their eventual failure in high-cycle fatigue.

Previous Rough Running Event

The engine failure was immediately preceded by a period of rough running. Therefore, the
episode of rough running four days previously was likely related. If the No. 3 cylinder was no
longer being completely secured by the throughbolts and deck studs, it could result in
vibration or could adversely affect the smooth running of the engine. However, it is unknown
how the previous period of rough running appeared to have rectified itself. Following that
event, it was decided to monitor the engine for any reoccurrence or trends developing;
however, a detailed maintenance inspection at that time might have identified an impending
problem.

CONCLUSIONS
Findings
1. The Pilot’s licence and medical certificate were valid.

2. The Certificate of Airworthiness and the Airworthiness Review Certificate for the aircraft
were valid.

3.  Theaircraft’s right-hand engine failed when the aircraft was approximately 3 NM off the
Co. Wicklow coast.

4.  The Pilot transmitted a MAYDAY call to the Dublin Area Control Centre and opted to
continue to Weston Airport, the intended destination for the flight, where a single-
engine landing on RWY 25 was performed.

5. There was no fire.

6. No injuries were reported to the Investigation.



7. When the aircraft was inspected following the occurrence it was observed that the
No. 3 cylinder had separated from the crankcase of the right-hand engine, and that there
was associated damage to the crankcase and ancillary components.

8.  Metallurgical analysis identified that seven of the eight deck studs and throughbolts
used to secure the No. 3 cylinder on the right-hand engine failed due to high cycle
fatigue; such a failure is consistent with a loss of preload due to a reduction in the torque
(tightness) of the associated nuts.

9. The remaining deck stud was found intact; rust was present on the threads, where the
nut would normally be fitted, which indicates that the nut had been missing from this
stud for a period of time.

10. One of the two big-end bearing cap bolts on the right-hand engine’s No. 3 con-rod
migrated. Metallurgical analysis identified that the other bolt failed due to low-cycle
fatigue.

11. The crankshaft’s No. 3 big-end (rod) journal was undamaged except for scratching and
scuffing.

12. Based on the findings of the metallurgical analysis, the liberated section of crankcase
containing two fractured deck studs, and the minor damage to the crankshaft, the
Investigation considers that the No. 3 cylinder began to detach from the crankcase
following the fatigue failure of its deck studs and throughbolts and that this resulted in
the detachment of the No. 3 con-rod from the crankshaft.

13. The aircraft’s two engines were overhauled by the same maintenance organisation in
July/August 2010 and were refitted to the aircraft in October 2010. The total aircraft
operating time since engine overhaul was approximately 375 hours.

14. There was evidence of Permatex sealant and silk thread on the mating surfaces of the
main bearing saddles on the crankcases of both engines.

15. The crankcase main bearing saddle mating surfaces were not shown in the crankcase
sealant application diagram extant at the time of engine overhaul and therefore there
was no requirement to apply the Permatex and silk thread to these surfaces, although
this was not explicitly stated. Later revisions of the diagram highlighted the main bearing
saddle mating surfaces as prohibited areas.

16. The use of silk thread on the main bearing saddle mating surfaces can adversely affect
the clamping loads and result in relative movement and fretting; such movement could
lead to a reduction in torque on the nuts fitted to the throughbolts.

17. The cylinder retention nuts on the left-hand engine did not appear to have loosened in
service despite the presence of the silk thread and fretting. Therefore, the incorrect use
of silk thread and Permatex may not have been a factor in the subject occurrence.



3.2

3.3

Probable Cause

Detachment of the right-hand engine’s number three cylinder due to the fatigue failure of
seven of the eight cylinder’s deck studs/throughbolts.

Contributory Cause(s)

1. It is likely that a nut, which was not readily visible when viewing the engine from the
side, had been missing from one of the No. 3 cylinder’s deck studs for a period of time.

SAFETY RECOMMENDATIONS

This Investigation does not sustain any Safety Recommendations.
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Appendix A: Metallurgical Examination — Additional Information
Al Cylinder Retention Studs

When examined at high magnification with the aid of a scanning electron microscope, the
fracture surfaces of the failed cylinder studs showed similar characteristics (Figure No. A.1
shows Stud No. 2 as an example).

e There was no evidence of pre-existing material or mechanical defects, or corrosion
pits, at the sites of crack initiation (Image A and B in Figure No. A.1).

e At high magnification, the topography of the fracture surface had been heavily
influenced by the underlying martensitic® alloy microstructure (Image C in Figure No.
A.1). This was deemed to be typical of high-cycle fatigue in hardened and tempered
steel. In places, parallel features were discernible, which were most likely fine fatigue
striations.

e In the region of final separation, the fracture surface showed a dimpled appearance,
characteristic with failure by the coalescence of microvoids. This was consistent with
instantaneous overloading of the remaining uncracked ligament, due to the advancing
fatigue crack front.

[Scale (approx):2mm

20um I 500um '

Figure No. A.1: Fracture surface of Stud No. 2

25 Martensite: Refers to a very hard steel crystalline structure, which is usually produced by heat treatment.



A.2

Big-End Bearing Cap Bolts

A thumbnail-shaped region of crack progression markings indicated that a fatigue crack had
initiated on the surface of the No. 1 bearing cap bolt and propagated inwards for a distance
of 1.5 mm (Image A in Figure No. A2). Scanning Electron microscopy indicated that close to
the regions of fatigue crack initiation, the original surface detail had been removed by rubbing
of the mating crack surfaces against each other during the period of stable crack growth
(Image B in Figure No. A2). In many places, the fatigue region showed a dimpled morphology,
characteristic of microvoid coalescence (Image C in Figure No. A2). This was deemed to be
consistent with low-cycle fatigue crack growth, under the influence of cyclic stresses of
amplitude close to the yield stress of the alloy. The region of final separation showed a similar
dimpled appearance. This was consistent with instantaneous overload failure of the remaining
uncracked ligament, due to the advancing fatigue crack front.

90um : | 30um '

Figure No. A2: Fracture surface of No. 1 bearing cap bolt



In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation (EU) No. 996/2010,
and Statutory Instrument No. 460 of 2009, Air Navigation (Notification and Investigation of Accidents,
Serious Incidents and Incidents) Regulation, 2009, the sole purpose of this investigation is to prevent aviation
accidents and serious incidents. It is not the purpose of any such investigation and the associated
investigation report to apportion blame or liability.

A safety recommendation shall in no case create a presumption of blame or liability for an occurrence.
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