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This report reflects the opinion of the Danish Accident Investigation Board regarding the 
circumstances of the serious incident and its causes and consequences. 
 
In accordance with the provisions of EU Regulation No 996/2010 and pursuant to Annex 13 
of the International Civil Aviation Convention, the investigation is of an exclusively technical 
and operational nature, and its objective is not the assignment of blame or liability. The 
investigation was carried out without having necessarily used legal evidence procedures and 
with no other basic aim than that of preventing future accidents and serious incidents. 
 
Consequently, any use of this report for purposes other than preventing future accidents and 
serious incidents may lead to erroneous or misleading interpretations. 

 
Parallel with the investigation by the Danish Accident Investigation Board, similar 
investigations were going on in Italy and Hungary respectively and cooperation across national 
borders was initiated.  
 
Ref.: Tri-National Interim Report, see this report paragraph 1.18.1 and enclosure 18. 
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FINAL REPORT 
HCLJ510-2011-11 Serious incident   
Aircraft: ATR72-212A Registration: OY-CIM 
Engines: 2 – P & W 127F Flight: Scheduled flight, IFR 
Crew: 4 – no injuries Passengers: 47 - no injuries 
Place: Copenhagen Airport 

Kastrup (EKCH) 
Date & Time: 13.9.2011 at 17:45 UTC 

All times in this report is UTC.  
 
Synopsis 
The Aviation Unit of the Danish Accident Investigation Board (AIB-DK) was notified of the serious 
incident by the Area Control Centre at Copenhagen Airport, Kastrup (EKCH) on 13.9.2011 at 17:54 hrs. 
 
The International Civil Aviation Organization (ICAO), Le Bureau d'Enquêtes et d'Analyses (BEA), the 
Transportation Safety Board of Canada (TSB) and the European Aviation Safety Agency (EASA) were 
notified on 14.9.2011 at 08:41 hrs. The BEA and the TSB appointed accredited representatives to the 
investigation. 
 
The serious incident occurred during a scheduled flight from Copenhagen Airport, Kastrup (EKCH) to 
Aalborg Airport (EKYT). Shortly after take-off from runway 22R, a Master Warning for the left engine low 
oil pressure was triggered and subsequently a Master Caution for the left engine high Inter Turbine 
Temperature (ITT) was triggered. The flight crew decided to shut down the left engine (IFSD). While 
climbing through approximately 750 feet Radio Altitude (RA), a Master Warning for the left engine on fire 
was triggered. Sequentially, both engine fire agents were discharged and the flight crew decided to land on 
runway 30. The total airborne time was five minutes and two seconds. 
 
The serious incident occurred in twilight and under visual meteorological conditions (VMC).  
 
Summary 
The root cause of the engine failure and engine fire was found to be fatigue crack propagation caused by 
casting defects (shrinkage porosities) of one of the Power Turbine (PT) stage 1 blades, which led to 
fracture. The fractured blade caused a lot of fractured PT stage 2 blades and the PT Rotor came in 
unbalance and broke the bolts holding the Rotor shaft Bearing Housing No 6 & 7 and this caused the 
housing to rotate. As a result of the rotating bearing housing, all the force was put on the Bearing Housing 
oil transfer tubes and caused them to break, subsequently leading to an oil leak. The internal oil leak caused 
a fire. The leaking oil continued out to the bottom of the nacelle and the internal oil fire then spread outside 
to the nacelle area.  
 
The technical investigation revealed that this event was not an isolated event. The AIB-DK concluded that 
at the time of the serious incident, there were unidentified PT1 blades from the same Batch (Heat) in 
circulation around the world as the fractured PT1 blade - with micro shrinkage porosity. 
 
As a consequence of a Tri-National investigation, five safety recommendations have been made and 
forwarded to EASA and Transport Canada (TC). 

http://www.bea.aero/
http://www.bea.aero/
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1. Factual information 
1.1 History of the flight  
The incident occurred during a scheduled flight from Copenhagen Airport, Kastrup (EKCH) to Aalborg 
Airport (EKYT). The commander was Pilot Non Flying (PNF) and the first officer was Pilot Flying (PF). 
 
Shortly after take-off from runway 22R while climbing through approximately 134 feet Radio Altitude 
(RA), a cockpit Master Warning was triggered referring to left engine low oil pressure. The cockpit Master 
Warning was silenced. Subsequently, a cockpit Master Caution was triggered referring to left engine high 
ITT. Smoke was present in the cockpit and in the passenger cabin. The flight crew decided to shut down the 
left engine (memory items). While climbing through approximately 750 feet RA, a cockpit Master Warning 
was triggered referring to left engine fire. The cockpit Master Warning was silenced. 
 
A Mayday call to Kastrup Tower was made and the Rescue and Fire Fighting Services of the airport were 
activated. 
 
The commander took over the control of the aircraft (PF) and initiated a left hand visual circling to runway 
22L. The flight crew noted a left engine fire warning light (red light in the left fire handle). Sequentially, 
both engine fire agents were discharged and the flight crew decided to land on runway 30. 
 
On final to runway 30, the flight crew advised Kastrup Tower of an impending emergency evacuation of 
the aircraft on runway 30. 
 
Descending through approximately 486 feet RA, a cockpit Master Warning was triggered. The Master 
Warning was silenced. 
 
A single engine landing was performed. 
 
On runway 30, the flight crew observed that the fire had extinguished and they cancelled the emergency 
evacuation of the aircraft. The passengers were instructed to calmly disembark the aircraft through the 
passenger entrance door. 
 
The total Digital Flight Data Recorder (DFDR) recorded airborne time was five minutes and two seconds. 
Throughout the flight, the flight crew did not make use of the autopilot. 
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The table below presents the operational sequence of events. 
 

 
Time (hh:mm:ss) 

Radio Altitude (RA) 
 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:42:07  
On ground 

The cabin crew reported “cabin clear” to 
the flight crew. 
 

 

17:43:08 
On ground 

 

 After crossing runway 30 and taxiing 
on taxiway A, OY-CIM was instructed 
to line up on runway 22R and cleared 
for take-off. 
 
The wind was reported to be 250° 17 
knots. 
 

 The flight crew completed the before 
take-off checklist 
 

 

17:44:48 
On ground 

The first officer initiated the take-off roll 
on runway 22R. 
 
Take-off power and instruments were 
checked without remarks. 
 

 

17:45:13 
Departure time 

See enclosure 1  - 
marking 1 

 

OY-CIM was airborne. The landing gear 
was selected up and the yaw damper was 
engaged. 
  

 

17:45:19 
App. 136 feet RA 
See enclosure 1  - 

marking 2 

A cockpit Master Warning (continuous 
repetitive chime) was triggered referring 
to left engine low oil pressure. The 
cockpit Master Warning was silenced. 
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Time (hh:mm:ss) 
Radio Altitude (RA) 

 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:45:23 
App. 256 feet RA 
See enclosure 1 - 

marking 3 

A cockpit Master Caution (single chime) 
was triggered referring to left engine 
high ITT.  
 
The flight crew sensed a bad smell and 
observed smoke in the cockpit and they 
decided to shut down the left engine 
(memory items). 
 

 

17:45:32 
App. 564 feet RA 
See enclosure 1 - 

marking 4 
 

By performing memory checklist items, 
the flight crew initiated a shutdown of 
the left engine. 
 

 

17:45:35 
App. 638 feet RA 
See enclosure 1 - 

marking 5  
 

By interphone, the cabin crew tried to 
establish contact with the flight crew. 
The cabin crew was instructed to be on 
standby. 
 

 

17:45:40 
App. 750 feet RA 
See enclosure 1 - 

marking 6 

A cockpit Master Warning (continuous 
repetitive chime) was triggered referring 
to left engine fire. The cockpit Master 
warning was silenced. 
 
Simultaneously by the interphone, the 
cabin crew reported smoke in the 
passenger cabin. 
 

 

17:45:44 
App. 821feet RA 
See enclosure 1 - 

marking 7 
 

The flight crew agreed on the aircraft 
flying without difficulties on the right 
engine. 

The commander reported “Mayday 
Mayday Mayday” to Kastrup Tower. 
 
Kastrup Tower offered the flight crew a 
teardrop for runway 04R. The wind was 
reported to be 260° 15 knots or the flight 
crew could choose any other runway. 
 

17:45:46 
App. 850 feet RA 

The first officer closed the High Pressure 
Bleed Valve engine no 1 (memory item). 
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Time (hh:mm:ss) 

Radio Altitude (RA) 
 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:46:19 
App. 1080 feet RA 
See enclosure 1 - 

marking 8 
 

The flight crew agreed on changing 
control of the aircraft from the first 
officer to the commander. 
Furthermore, they agreed on returning 
for landing on runway 22. 
 

 

17:46:24 
App. 1090 feet RA 
See enclosure 1 - 

marking 9 
 

 To Kastrup Tower, the flight crew 
reported their intention of a left turn and 
returning for landing. 
 
Kastrup Tower offered the flight crew a 
left turn for runway 04R with a tailwind 
component of 15 knots. The wind was 
reported to be 260° and 15 knots. 
 
The flight crew reported that the aircraft 
was flying on one engine only and they 
would like to land on runway 22. 
 
Kastrup Tower confirmed landing on 
runway 22L. 
 

17:46:30 
App. 1103 feet RA 
See enclosure 1 - 

marking 10 
 

The change of control of the aircraft 
from the first officer to the commander 
took place. 

 

17:47:02 
App. 1211 feet RA 
See enclosure 1 - 

marking 11 
 

 The flight crew of a succeeding 
departing aircraft in take-off position on 
runway 22R reported that they could see 
smoke and a bright light from the left 
side of OY-CIM. 
 

17:47:11 
App. 1242 feet RA 
See enclosure 1 - 

marking 12 
 

The flight crew noted a left engine fire 
warning light (red light in the left fire 
handle) and by performing memory 
checklist items, they discharged the 
engine fire agent number one. 
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Time (hh:mm:ss) 
Radio Altitude (RA) 

 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:47:28 
App. 1270 feet RA 
See enclosure 1 - 

marking 13 

By the passenger address system, the 
commander in Danish and English 
briefed the passengers of the problem 
with the left engine and that the aircraft 
would return for landing. 
 

 

17:47:41 
App. 1305 feet RA 
See enclosure 1 - 

marking 14 
 

The flight crew started talking about 
using runway 30 for landing. 
 

 

17:47:48 
App. 1351 feet RA 
See enclosure 1 - 

marking 15 

The flight crew noted that the fire in the 
left engine was still present and they 
discharged the engine fire agent number 
two. 
 

 

17:47.54 
App. 1315 feet RA 
See enclosure 1 - 

marking 16 

 The flight crew requested information on 
whether Kastrup Tower from the ground 
could see fire. 
 
Kastrup Tower replied that they would 
take a closer look and call back. 
 

17:48:11 
App. 1284 feet RA 
See enclosure 1 - 

marking 17 

By the interphone, the flight crew called 
the cabin crew in order to know if the 
cabin crew could see fire on the left side 
of the aircraft. 
 
The cabin crew replied that there was no 
longer any sign of fire. 
 

 

17:48:15 
App. 1254 feet RA 
See enclosure 1 - 

marking 18 
 

 Kastrup Tower requested information on 
persons onboard and fuel upon landing. 
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Time (hh:mm:ss) 
Radio Altitude (RA) 

 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:48:24 
App. 1093 feet RA 
See enclosure 1 - 

marking 19 

 Kastrup Tower requested information on 
whether it was the left of the right 
engine. The flight crew replied that it 
was the left engine. 
 
Kastrup Tower reported that they could 
not see any fire on the left side of the 
aircraft. 
 

17:48:33 
App. 1017 feet RA 
See enclosure 1 - 

marking 20 

 The flight crew requested wind 
information. 
 
Kastrup Tower reported that landing on 
runway 30 would give a crosswind 
component of 22 knots. 
 
The flight crew replied that it would be a 
landing on runway 30. 
 

17:48:50 
App. 704 feet RA 
See enclosure 1 - 

marking 21 
 

The landing gear was selected down. 
 

 

17.48:57 
App. 525 feet RA 
See enclosure 1 - 

marking 22 
 

The flaps were extended from flap 
position 15° to flap position 30°. 
 

 

17:48:59 
App. 486 feet RA 
See enclosure 1 - 

marking 23 
 

A cockpit Master Warning (continuous 
repetitive chime) was triggered. The 
cockpit Master Warning was silenced. 
 

 

17:49:00 
App. 466 feet RA 
See enclosure 1 - 

marking 24 
 

The flight crew agreed on a coming on 
ground emergency evacuation of the 
aircraft on runway 30. 
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Time (hh:mm:ss) 
Radio Altitude (RA) 

 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17.49:08 
App. 421 feet RA 
See enclosure 1 - 

marking 25 
 

 The flight crew reported that an 
evacuation of the aircraft would take 
place on runway 30. 
 
OY-CIM was cleared to land and the 
wind was reported to be 250° 17 knots 
gusting to 27 knots. 
 

17.49:16 
App. 350 feet RA 
See enclosure 1 - 

marking 26 

By the interphone, the flight crew 
informed the cabin crew of the coming 
on ground emergency and that the 
evacuation of the aircraft would take 
place from the aircraft right hand side 
emergency exits.  
 
Furthermore, the cabin crew was 
instructed to be on standby until further 
instructions were given from the flight 
crew. 
 

 

17:49:51 
App. 144 feet RA 
See enclosure 1 - 

marking 27 
 

The flight crew noted that the aircraft 
was stabilized. 
 

The wind was reported to be 250° and 
17 knots. 

17:50:15 
Arrival time 

See enclosure 2 - 
marking 28 

 

OY-CIM landed on runway 30. 
 

 

17:50:23 
On ground 

See enclosure 2 - 
marking 29 

 

 The flight crew reported that they would 
turnaround the aircraft on the runway. 
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Time (hh:mm:ss) 
Radio Altitude (RA) 

 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:50:33 
On ground 

See enclosure 2 - 
marking 30 

 

By the passenger address system, the 
commander ordered “Standby Standby 
Standby” to the cabin crew. 
 

 

17:50:37 
On ground 

See enclosure 2 - 
marking 31 

 

The flight crew noted that the fire had 
extinguished and they agreed on 
cancelling the evacuation of the aircraft. 
 

 

17:50:39  
On ground 

See enclosure 2 - 
marking 32 

By the interphone, the flight crew 
informed the cabin crew on the 
cancellation of the evacuation and that 
the passengers could disembark the 
aircraft by the passenger entrance door. 
 
The passengers would be informed by 
the commander. 
 

Kastrup Tower informed the flight crew 
of the position of the fire brigade. 
 
The flight crew informed Kastrup Tower 
on the extinguished fire and that the 
evacuation of the aircraft had been 
cancelled. 
 

17:51:03 
On ground 

See enclosure 2 - 
marking 33 

The first officer performed the on 
ground emergency checklist. 
 
In Danish, the commander briefed the 
passengers on the extinguished engine 
fire and instructed the passengers to 
calmly disembark the aircraft through the 
passenger entrance door. 
 

 

17:52:08 
On ground 

The commander observed that smoke 
was still present in the passenger cabin 
and by the use of the passenger 
addresses system (cabin crew station 
number 2), the commander in Danish 
instructed the passengers to disembark 
the aircraft and leave their hand luggage 
behind.  
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Time (hh:mm:ss) 
Radio Altitude (RA) 

 

 
Crew actions 

 
ATC VHF radio communication 

(119,350 MHz) 

17:52:40 
On ground 

By the use of the passenger address 
system, the cabin crew informed the 
passengers on awaiting assistance 
outside the aircraft. 
 

 

 
1.2 Injuries to persons 
Injuries Crew Passengers Other 
Fatal    
Serious    
Minor/None 4 47  
 
1.3 Damage to aircraft  
Only the engine was damaged during the engine malfunction and emergency landing. A small amount of 
soot could be seen from the outside the left engine nacelle. The engine suffered severe internal damage due 
to the turbine failure (fig. 1). The external section of the engine from the rear inlet case to the exhaust had 
sooty appearance. Parts of the wiring harness and connectors were melted due to fire and heat (fig. 2). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
1.4 Other damage 
There was no other damage. 
 

Fig. 2.   Visible signs of fire and heat could be    
              seen on the outside of the engine. 

Fig. 1.    Power Turbine (PT) stage 2. 
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1.5 Personnel information 
1.5.1 Statement of the commander’s flying time  

 Previous 24 hours Previous 90 days Total 
All types: 3.1 hours 128 hours 3874 hours  
This class/type: 3.1 hours 113.8 hours 3108.5 hours 
Number of landings 
(this class/type) 

1 147 - 

 
1.5.2 License held by the commander 
The commander – male 32 years old – was in possession of a valid Airline Transport Pilot License (ATPL 
(A)) with appurtenant valid medical certificate.  The commander’s JAR-FCL ATR 42/72 rating was valid 
until 29.2.2012. 
 
1.5.3 Statement of the first officer’s flying time  

 Previous 24 hours Previous 90 days Total 
All types: - -  2613.2 hours  
This class/type: - - - 
Number of landings 
(this class/type) 

- - - 

 
1.5.4 License held by the first officer 
The first officer – male 34 years old – was in possession of a valid Airline Transport Pilot License (ATPL 
(A)) with appurtenant valid medical certificate. The first officer’s JAR-FCL ATR 42/72 CO-PILOT rating 
was valid until 31.5.2012. 
 
1.5.5 Operator training held by cabin crew member number 1 (CA1) 
• ATR 72 training was completed on 1.8.2009. 
• Cabin crew medical certificate was valid until 4.1.2013. 
• Senior cabin crew course was completed on 14.2.2009. 
• Crew resource management recurrent training was valid until 29.2 2012. 
• Cabin crew first aid training was valid until 31.1.2012. 
• Door training was valid until 28.2.2013. 
• Emergency brush up training was valid until 29.2.2012. 
• Cabin crew line check was valid until 25.7.2013. 
 
1.5.6 Operator training held by cabin crew member number 2 (CA2) 
• ATR 72 training was completed issued on 18.12.2010. 
• Cabin crew medical certificate was valid until 18.6.2013. 
• Crew resource management recurrent training was valid until 31.12.2011. 
• Cabin crew first aid training was valid until 31.12.2011 
• Door training was valid until 31.12.2013. 
• Emergency brush up training was valid until 31.12.2011. 
• Cabin crew line check was valid until 31.12.2011. 
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1.5.7 The flight and duty time of the pilots (data selected by the AIB-DK) 
1.5.7.1 The commander. 

Period 
(year/month) 

 

Block Hrs 

2011/01 41:25 
2011/02 29:49 
2011/03 75:45 
2011/04 67:28 
2011/05 40:29 
2011/06 32:25 
2011/07 30:17 
2011/08 44:47 
2011/09 22:22 

 
On the day of the serious incident, the commander checked in for flight at 1205 hrs. It was the second flight 
of the day. 
 
1.5.7.2 The first officer. 

Period 
(year/month) 

 

Block Hrs 

2011/05 29:48 
2011/06 58:54 
2011/07 28:58 
2011/08 48:58 
2011/09 18:11 

 
On the day of the serious incident, the first officer checked in for flight at 1205 hrs. It was the second flight 
of the day. 
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1.6 Aircraft information  
1.6.1 General aircraft information 
 Registration: OY-CIM 
Type: ATR72 
Model: 212A 
Manufacturer:  Aérospatiale, France 
Serial number: 468 
Year of manufacture: 1996 
Engine manufacturer: Pratt & Witney Canada 
Engines type : PW127F 
Propellers: Hamilton Standard 568-1 
Aircraft total flight hours: 20554:10 hrs. 
Aircraft total flight cycles: 31168 CSN 
MTOM: 22.800 kg 
Airworthiness Review Certificate: Valid until 15.09.2012 
 
1.6.2 General engine information  
The engine (TM) is a three-spool, twin radial compressor. A single stage axial turbine (rotor) powers each 
of the compressors, and a two stage axial turbine provides power to the propeller through a reduction gear 
box. 
 
On the 7th of May 1999, the engine was new and had at the time of the serious incident a total of 16018:29 
flight hours. 
In February 2006 at engine overhaul thirty-seven (37), PT stage 1 (PT1) blades failed the Fluorescent 
Penetrant Inspection (Non-Destructive Test (NDT)) due to cracked airfoils in the leading and trailing edge 
and were for that reason replaced with new ones. 
 
On the 5th of February 2011, the latest engine shop visit (Hot Section (HS) repair) took place and it did not 
reveal any failed PT1 blades. 
 
A schematic of the engine layout is shown in fig. 3. 
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1.6.3 Power plant fire protection system  
1.6.3.1 General 
To prevent the spread of fire in the engine nacelle area, there were two fire shut-off valves that could be 
activated from the cockpit with a Fire Handle. The purpose of the fire shut-off valves was to isolate a fire. 
Activating the Fire T-Handle in the cockpit closed off the supply of fuel to the engine and air supply from 
the engine to the cabin and cockpit. 
 
The power plant fire protection system was certified in accordance to EASA Certification Specifications for 
Large Aeroplanes CS-25.1181 to 25.1203. 
 

Power Turbine section 

PT1  PT2 

Fig. 3 

HP rotor – LP rotor  

Low Pressure (LP) 
High Pressure (HP) 
Power Turbine stage 1 (PT1) 
Power Turbine stage 2 (PT2) 

Reduction Gear Box 

LP Compressor – HP Compressor 
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Below in italics are extracts from EASA Certification Specifications for Large Aeroplanes CS-25.1181 to 
25.1203:  
 
“Compliance with CS 25.1189(a) has typically been shown by installation of shut-off means for flammable 
fluids that could contribute to the hazards associated with an engine fire, except for lines fittings, and 
components forming an integral part of an engine and/or fireproof oil system components, which are not 
required to have a shut-off means per CS 25.1189(a)(1) and (a)(2). 
Flammable fluids that have been considered include fuel supplied to the engine/APU, fuel that may enter 
the fire zone from engine recirculation systems and hydraulic fluids entering the fire zone. Oil that may be 
supplied from outside the fire zone, deicing fluid, and other fluids would require similar consideration; 
however these are not typically incorporated in modern CS-25 aircraft engine installations. 
 
Although shut-off means are typically incorporated, CS 25.1189(a) allows the option of otherwise 
preventing flow of hazardous quantities of flammable fluids. A shut-off means is, therefore, not required if 
no possible scenario will result in the flow of hazardous quantities of flammable fluid. 
Factors to be considered in determination of whether this compliance means is acceptable include the 
following: 
 
A. Considerations 
 
1. Leakage rates and characteristics, including massive leakage caused by component failure or fire 

damage, and slow leakage, which may be a spray or mist if the source is under pressure, caused by 
failures such as cracks or pinholes. 

2. The amount of fluid in the system that is subject to leakage. 
3. Combining A.1), and A.2), the range of potential duration of leakage. 
4. Scenarios in which the analysed system leakage is subject to ignition and is the initial fire source. 
5. Scenarios in which the initial fire source is a different system, and fire damage to theanalysed 

system can result in leakage which contributes to the magnitude or duration of the fire. 
 
B. Compliance 
Considering the above factors and service experience of oil systems without shut-off means, it is acceptable 
to not install a shut-off means for specific systems which contain flammable fluid if the following conditions 
are met: 
 
1. All components of the analysed system within the fire zone are fireproof, and 
2. The quantity of fluid which can flow into the fire zone is not greater than the fluid quantity of the 

engine or APU oil system for an engine or APU fire zone, and 
3. Accomplishment of AFM Emergency Procedures will preclude continuation of a pressurized spray 

or mist. 
The meeting of conditions (1)-(3) are considered acceptable in precluding a hazardous quantity of 
flammable fluids from flowing into, within or through any designated fire zone. 
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1.6.3.2  Engine fire detection system 
The engine fire detection is achieved by thermo sensing loops which trigger the warning by means of an 
electronic control unit in case of a temperature rise in the engine nacelle. A temperature rise causes the 
following: 
 
• Illuminate the engine fire warning light on T-handle, fig. 4 A and B. 
• Illuminate the fire warning light on the Crew Alerting Panel, fig. 4 C. 
• Illuminate master warning light on captain’s main instrument panel, fig. 4 D. 
• Illuminate fuel shut-off warning light on the condition lever, fig. 4 E. 
• Trigger the aural warning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 
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1.6.3.3 Engine fire extinguisher system 
The engine fire extinguisher system consists of two fire extinguisher bottles, which are used to extinguish 
any fire breaking out in the engine nacelle zone. Two percussion panels located in the cockpit overhead 
panel enable control of the fire extinguisher agent discharge on the engine concerned, fig. 4 A & B and fig. 
5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.6.4 Aircraft log and documents 
1.6.4.1 Discrepancy/comment on 8.9.2011 
“ENG 2 BLEED FAULT/BLEED LEAK”  
 
1.6.4.2  Action on 8.9.2011 
“MEL IN USE 36.22.1.C TRANSF TO DDL ENG #2 BLEED VALVE AND X-FEED VALVE 
DEACTIVATED”. 
 
1.6.4.3 Deferred Defect List (DDL) 

Fig. 5 
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1.6.4.4 Minimum Equipment List (MEL) (extract) 
The AIB-DK has removed the operator’s name. 

 
1.6.5 Recirculation fans 
The recirculation fans were found in the on position. 
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1.6.6 Mass and balance 
1.6.6.1  Mass and balance sheet. 
The mass and balance sheet below was prepared by the pilots prior to starting at EKCH. The AIB-DK has 
removed the operator’s name, the aircraft’s call sign and personal information.  
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1.6.6.2 Centre of gravity limitations 

 
1.6.7 Operational flight plan (extract)  
The AIB-DK has removed the aircraft’s call sign and personal information. 
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1.7 Meteorological information  
1.7.1 TAF 
 
131400 TAF-FT ekch 131440z 1315/1415 24020g35kt 9999 bkn030 tempo 1315/1410 -shra 

sct020tcu tempo 1410/1415 6000 shra sct020cb= 
 

131700 TAF-FT ekch 131740z 1318/1418 24018g32kt 9999 bkn030 tempo 1318/1410 -shra 
sct020tcu tempo 1410/1418 6000 shra sct020cb= 
 

132000 TAF-FT ekch 132040z 1321/1421 25018g30kt 9999 sct030 tempo 1321/1410 -shra sct020tcu 
tempo 1410/1418 6000 shra sct020cb= 
 

1.7.2 METAR 
 
131650 METAR ekch 131650z 25020kt 9999 few028 few031tcu bkn075 16/09 q1002 tempo 

25018g30kt= 
 

131720 METAR ekch 131720z 26016kt 220v280 9999 few025 few035tcu bkn080 15/10 q1002 tempo 
25018g30kt= 
 

131750 METAR ekch 131750z 25019kt 9999 few025 sct080 15/10 q1002 tempo 25018g30kt= 
 

131820 METAR ekch 131820z 25024g37kt 9999 few025 sct080 15/08 q1002 tempo 25018g30kt= 
 

 
1.8 Aids to navigation 
All aids to navigation on board the aircraft and on the ground were available and there were no remarks in 
this regard. 
 
1.9 Communication  
A transcript of the VHF voice communication for Kastrup control tower (119.350 MHz) was prepared. The 
VHF voice communication was of a good quality and was used in the investigation. 
 
1.10 Aerodrome information 
1.10.1 Overview of EKCH Airport  
See enclosure 3. 
 
1.10.2 NOTAM 
No NOTAM was issued for EKCH that was of any relevance to the sequence of events. 
 
1.11 Flight recorders 
Data from the aircraft’s DFDR and Cockpit Voice Recorder (CVR) was read out. The data was of a good 
quality and was used in the investigation.  
 
Extract of DFDR data, see enclosure 4 – DFDR plots A and B. 
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The AIB-DK has chosen the ATC time as the reference time. On the basis of the ATC voice 
communication, the AIB-DK has corrected the times indicated from DFDR time to ATC time. The DFDR 
touch-down time was 02:53:16. The ATC-corrected touch-down time was 17:50:15. 
 
1.12 Engine tear down and inspection 
1.12.1 General 
After the aircraft was removed from runway 30 to the hangar area, the engine was inspected. The inspection 
confirmed that there had been a fire in the engine nacelle. The Power Turbine (PT) stage 2 blades were 
severely damaged. The scavenge oil line from bearing number 6 and 7 was found loose and leaking at 6 
o’clock position at  the PT support case. The Engine oil tank in the rear inlet case had about 2 liters left 
when drained. The capacity of the oil tank was about 22 liters. 
Both engine fire extinguishers were found emptied.   
 
The engine was removed from the aircraft and sent to an independent overhaul facility for tear down and 
further investigation. 
 
1.12.2 Engine tear down and inspection 
The tear down and investigation was conducted in cooperation with an overhaul facility and an accredited 
representative from the engine manufacturer and led by the AIB-DK. 
 
The complete tear down report is attached as enclosure 5. 
 
1.12.3 Boroscope inspection 
The boroscope inspection revealed that the High Pressure (HP) impeller and LP impeller were heavily 
rubbed. The HP blades were eroded at the leading edges (fig. 6 and 7). Both the LP and HP turbine shrouds 
were heavily rubbed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.     HP impeller Turbine section Fig. 7.     LP impeller 
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1.12.4 Power Turbine stage 2 (PT2) 
Before removal of the PT2, it was obvious that all blades were heavily damaged and had several fractured 
blades (fig. 8). 
The PT2 was removed and the blades were inspected (fig. 9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After removal of the PT2 it could be seen that PT2 stator and shroud was heavily damaged (fig. 10). A large 
piece of outer shroud was missing (fig. 11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.    PT2 blades Fig. 9.     PT2 after removal 

Fig. 10.     PT2 stator Fig. 11.    Outer shroud 
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1.12.5 Power Turbine stage 1(PT1)  
The PT1 was removed from the engine (fig. 12). The blades were heavily damaged and two blades were 
fractured almost at the root platform (fig. 13).  All the PT1 blades had evidence sign of overheat. This was 
seen on the fracture surface and on the coating on all other blades. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.12.6 PT1 stator and No 6 & 7 bearing housing 
After removal of PT1 it was observed that the bearing baffle for No 6 & 7 bearings were damaged and the 
three (3) attaching bolts holding the baffle and bearing housing in place were sheared off (fig. 14 & 15). 
Before the bearing no. 6 & 7 housing assy with interstage Case and PT1 stator were removed it was 
possible to rotate/turn the bearing housing. This indicating that the remaining nine (9) bolts below the baffle 
and the three (3) bearings oil transfer tubes (scavenge, pressure and breather) had been be sheared off. 
When removing the baffle and PT1 stator, the remaining nine (9) bolts holding the bearing housing in place 
were found sheared off, fig. 17. When the Turbine Inlet Case (TIC) was removed it was observed that it 
was wet from oil inside between 6 and 10 o’clock. 
When removing the bearing housing assy with the interstage case, the three (3) oil transfer tubes for bearing 
No 6 and 7 were found sheared off almost in flush with the bearing housing (fig.16 & 17). There was no 
damage observed on the T6 probes. 
It was observed that the scavenge tube was wet from oil on the outside. The pressure- and breather tubes 
were dry from oil on the outside. 

Fig. 12 Fig. 13 

Fig. 14.   Bearing baffle and PT1 stator Fig. 15.     Bearing housing and LP rotor 

Baffle –  missing bolts – Additional 9 missing/sheared bolts- pieces of sheared bolts can 
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In all of the three oil tube connections to the bearing housing the remaining of sheared oil tubes could be 
seen, fig 16. 
The three (3) sheared oil tubes can be seen in figure 17. The outer right oil tube was a new one compared to 
a sheared one. On the magnification it can be seen that the oil transfer tubes were sheared just above the 
threads. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There could be seen heavy rubbing between PT and LP rotor especially the PT rotor air seal (fig. 18) 
(Labyrinth Seal) and the bearing no. 6 rotor nut (fig. 19). The seal and nut were both heavily rubbed and the 
seal was distorted.  
 

Fig. 17.   Oil transfer tubes. Fig. 16.     No 6 & 7 bearing housing. 
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The bearing no. 6 seal assy in the bearing no. 6 & 7 housing, fig.20 were heavily rubbed and was observed 
broken. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
1.12.7 Laboratory analysis  
The following parts were sent to a laboratory for further analysis and investigation: 
• The two fractured PT1 blades,  

o P/N 3120983-01, Serial Number (S/N) HMC34146, TSN: 16018 hrs. 
o P/N 3120983-01, S/N HMM31295, TSN: 5939 hrs. 

• The PT2 Assy. 
• Reduction Gear Box (RGB) chip detector. 
• Engine chip detector. 
 
The analysis revealed that the parts from the engine, showed tensile overload fractures in all blades but one.  
PT1 blade S/N HMM31295 had fractured about 8 mm above the root platform (core pocket area) as a result 
of fatigue crack propagation caused by casting defects (shrinkage porosities). The complete analysis is 
attached as enclosure 6. 
 

Fig. 18.     Labyrinth Seal Fig. 19.     Bearing no. 6 rotor nut 

Fig. 20.     Bearing no. 6 and 7 housing 

Broken seal assy 
(part of the housing). 
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1.12.8 PT blades stage 1 
The PT1 consisted of 66 blades with Part Number (P/N) 3120983-01. 
In February 2006, the engine underwent an overhaul (OH). Thirty-seven (37) PT1 blades failed the NDT 
inspection (Fluorescent Penetrant Inspection) due to cracked airfoil in the leading- and trailing edge, and for 
that reason replaced with new ones. 
 
The new 37 blades started with the letter HMM in the Serial Number (S/N) and the remaining 29 of the 
blades started with HMC in the S/N. The blades were unevenly distributed across the disc. The blade 
configuration was controlled at P/N level and various S/N combinations were approved on the same disc. It 
was approved to install blades that had difference cycles. 
 
• Blades with HMC in the serial number had a Time Since New (TSN) of 16018:29 hrs.  
• Blades with HMM in the serial number (the new blades) were installed in February 1996 and had a TSN 

of 5939:56 hrs. 
 
All blades were made by a subcontractor and released by the engine manufacturer: 
• Three (3) of the HMM blades were released on Authorized Release Certificate TCCA 24-0078 Work 

Order 2117141–331989 dated 12th of December 2005. 
• The remaining (34) HMM blades - which include the failed one – were released on Authorized Release 

Certificate TCCA 24—0078 Work Order: 2117009-331880 dated 8th of December 2005.  
See enclosure 7. 
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The blades were constructed to shearer of at the blades core pocket in case of an overspeed of 120% to 
prevent a runaway disc in case of an engine failure (fig. 20). 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
1.12.9 The failed blade S/N HMM31295 
The Engine manufacturer used a subcontractor for the manufacture of blades.  
The engine manufacturer informed the AIB-DK that the failed blade S/N HMM31295 came from a Heat 
(Batch) #MWA0706. This “Heat” had a total quantity of 6587 blades. Serial number ranged between 
HMM24614 to HMM77770 and was manufactured on the 29th of October 2005. 
 
The engine manufacturer informed that there was no indication of any production problems recorded during 
manufacturing. However, the engine manufacturer  informed that they from manufacturing date to the 7th of 
February 2012 had 4 blades from Heat MWA0706 that were confirmed fractured due to micro shrinkage 
porosity. Blades from other prior and subsequent heats were similarly affected. No clear correlation to 
individual heats was established. 
 
Furthermore, there were 8 confirmed porosity-related fracture events for blades installed in 2004 and 2005 
(21 total since 2004). A number of blades were re-inspected and found serviceable (i.e. not included in 
SB21766) subsequently fractured in micro shrinkage porosity, pre-2008 x-ray inspection process. 
 
1.12.10 Service Bulletin 21766. 
In the time frame 2005 - 2011 with a peak in 2008 a recurrent failure of Fatigue failure of PT1 blades P/N 
3120983-01 was found with a total of at least 28 similar events due to this root cause. 
 

Fig. 20 
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In 2008, the manufacturer of the PT1 blades P/N 3120983-01 made a survey of blade events. The 
manufacturer reviewed the past 2 years x-ray films from 2007 and 2008. 
 
• 90,000 blades were reviewed  
• 68 blades were identified with porosity exceeding x-ray limits.  
• Approx. 12 – 16 engines were recalled prior to next HSI. 
 
As a consequence to the result of the survey, the manufacturer improved the inspection on new blades by 
introducing an additional X-ray inspection in 2008, with a specifically view in the core pocket area of the 
blades. Relating thereto was issued a Service Bulletin 21766 (see enclosure 8) in March 2008 to remove 
identified suspect blades manufactured year 2007 and 2008. 
The engine S/N AV0098 and blade S/N HMM31295 was not covered by this Service Bulletin.  
 
1.12.11 Power turbine Assembly 
In accordance to the Engine Manufacturer Inspection Requirement, the blades had no specified life (scrap) 
in terms of flight-hours or cycles. In other terms the blades were discarded “on condition” only.  
  
The Inspection Requirement for the blades at Hot Section Inspection (HSI) consists of a detailed borescope 
inspection without disassembly the PT. 
 
The Inspection Requirement for the blades at OH included the above inspection and a dimensional 
inspection and on top on that a High Sensitivity (level 3) Fluorescent Penetrant Inspection. 
 
1.12.12 Reported engine malfunction in Denmark year 2006 
In year 2006, the same operator as in this serious incident had an IFSD with an ATR 42-500 with 
PW127 engines installed. The circumstances were identical with this serious incident and the engine 
turbine failures were similar. The report number HCLJ510-000314 (in Danish) can be downloaded 
from AIB-DK web site:  HCLJ510-000314  
 
1.12.13 Reported IFSD in European Countries year 2011 
From June to September 2011, three (3) IFSD during take-off and climb (including OY-CIM) were 
reported, one in Hungary and one in Italy. Both the other reported aircraft were ATR types and had PW127 
engines installed. The circumstances were identical with this serious incident and the engine turbine failures 
were similar.  
  
1.13 Medical and pathological information 
None.  
 
1.14 Fire 
A fire in the left engine occurred shortly after take-off and an emergency landing was initiated. The fire was 
out before the firefighting services arrived at the scene on runway 30. Neither passengers nor crew members 
were injured. Both passengers and crew members disembark the aircraft through the passenger entrance 
door. 
 

http://www.hclj.dk/da/luftfart/havarirapporter/havarirapporter-1999-_-2007/motorfly-2006/~/media/Files/Havarikommissionen/Havarirapporter/Luftfart%202006/510-000314%20%20%20%20OY-RTH%20Redegrelse.ashx
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1.15 Survival aspects 
There were no injuries to persons or damage to structures. 
 
1.16 Tests and research 
None 
 
1.17 Organizational and management information 
1.17.1 Operations Manual Part A (extract) 
“1.4 Authority, Duties and responsibilities of the Commander. 
Notwithstanding any of the following the Commander shall in an emergency situation that requires 
immediate decision and action, take any action he considers necessary under the circumstances. In such 
cases he may deviate from rules, operational procedures and methods in the interest of safety." 
 
1.17.2 Flight Crew Operating Manual (FCOM) (extract) 
1.17.2.1 Operational parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.17.2.2  Checklists 
Engine oil low pressure, engine over limit, inflight engine fire, singe engine operation, smoke, air 
conditioning smoke and on ground emergency – see enclosure 9 to 15. 
 
1.17.3 Crew Procedure Handbook (extract) 
1.17.3.1  Equipment overview 
See enclosure 16. 
 
1.17.3.2 Unprepared emergency 
See enclosure 17. 
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1.17.4 Cabin Attendant Manual – announcement (extract in English) 
 
“ENGINE PROBLEMS     
Ladies and Gentlemen. 
For safety reasons we had to shut down one of the engines. Please do not worry; we can operate safely on 
one engine only. 
Thank you!” 
 
1.18 Additional information 
1.18.1  Tri-National Interim Report   
During the investigation process, the event was considered similar to two other serious incidents, which 
occurred on the 17th of June 2011 at Budapest Airport, Hungary (LHBP) and on the 3rd October 2011 at 
Firenze Airport, Italy (LIRQ). 
 
Due to the similarities, arrangements were made for cooperation across national borders (Hungary, Italia 
and Denmark). A joint venture investigation group was established. 
 
As a result of the joint meeting held at Agenzia Nazionale per la Sicurezza del Volo (ANSV) premises in 
Rome, Italy on the 7-9th February 2012, following common findings were revealed: 
• all events occurred at initial climb  
• the events were all due to the initial distress of a PT1 rotor blade causing subsequent damages  
• heavy unbalance of the whole PT assembly, further unbalance of the LP rotor through No. 6 & 7 bearing 

housing, and final oil leakage due to breaking of No. 6 & 7 bearing compartment retaining bolts and 
distress of the radial transfer tubes. Fire was then originated by such a leakage in presence of hot parts 

• in all these serious incidents distress of the PT1 rotor blade was due to a crack propagated from an 
internal casting defect (shrinkage porosity) in the vicinity of the blade core pocket. Propagation was in 
accordance with a low cycle Fatigue mechanism. 
 

The above common findings led to two joint recommendations DENM-2012-01 and DENM2012-02 
concerning the PT 1 Blades. 
 
In continuation of the national investigations, three additional findings (smoke removal procedure, 
harmonization of procedures and memory items) led to three joint recommendations DENM-2012-03, 
DENM-2012-04 and DENM-2012-05   
 
The Safety Investigation Authorities addressed two recommendations to Transport Canada and three 
recommendations to EASA, respectively (see this report paragraph 4.1 and 4.2 and enclosure 18). 
 
The investigation that led to the recommendations DENM-2012-01, DENM2012-02 and DENM-2012-03 
are featured in this investigation report.  
 
The investigation that led to the recommendations DENM-2012-04 and DENM-2012-05 are to be found in 
the national investigation reports of Italy and Hungary. 
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1.18.2 MEL release versus smoke removal. 
The AIB-DK requested information from the manufacturer on how smoke was removed from the aircraft if 
under the prevailing conditions aircraft system redundancy was downgraded by a MEL release. 
 
The manufacturer replied: 
“The aircraft being already under MMEL (No bleed #2 and cross bleed valve closed) upon an engine fire 
warning on Engine #1, the procedure application leads to pull the related engine fire that isolates the 
engine and close the bleed valve #1. 
 
There is no dedicated procedure (in the FCOM or QRH) covering this configuration. The only way to 
evacuate smoke would the differential pressure but in this event it was close to zero. 
 
It should be noted that most probably the smoke quantity was limited as its origin was closed as soon as 
the crew pulled the fire handle.” 
 
1.18.3 Smoke removal emergency procedures – similar aircraft types (extracts)   
1.18.3.1 Saab 340 - see enclosure 19. 
 
1.18.3.2 Fokker 50 - see enclosure 20. 
 
1.18.3.3 Dash 8 - see enclosure 21. 
 
1.19 Useful or effective investigation techniques 
None.  
 
2. Analysis 
2.1 Technical investigation 
2.1.1 The cause of the engine failure and oil fire 
In accordance with the DFDR readout, the engine neither was exposed to an overspeed nor had the engine 
been over torqued. See enclosure 4 - DFDR plot B.  The built in overspeed (120%) feature on the blade 
core pocket was not a contributing factor. 
 
The root cause of the engine failure and engine fire was found to be fatigue crack propagation caused by 
casting defects (shrinkage porosities) of one of the PT1blades.  The fracture of the PT1blade caused a lot of 
fractured PT stage 2 blades and the PT rotor came in unbalance. The unbalance PT rotor resulted in heavy 
rubbing between the PT and the LP rotor. 
 
The LP rotor rubbed against the bearing No 6 & 7 housing and most likely by its force causing the housing 
to rotate. This led to the attaching bolts to shear off, which did put all the force on the oil transfer tubes 
causing them to break and leading to an internal engine oil fire. 
The broken oil transfer tubes most likely caused both the pressure and in the beginning also the scavenge 
oil to pour down at the 6 o’clock position. The leaking oil continued out to the bottom of the nacelle and the 
internal oil fire then spread outside to the nacelle area. The oil supply to the bearing No 6 & 7 housing was 
either cut off when the oil supply was depleted or when HP rotor stopped after the engine was stopped. 
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To support this, the flight crew of a succeeding departing aircraft in take-off position on runway 22R 
reported that they could see smoke and a bright light from the left side of OY-CIM. This observation and 
the observed signs of excessive high temperature on the PT1 blades stated that an internal oil fire in the 
engine and its tail pipe occurred. Leaking oil caused a fire in the engine nacelle area. 
 
2.1.2 Engine nacelle fire 
The engine oil tank in the rear inlet case had about 2 liters left when drained. The capacity of the oil tank 
was about 22 liters. Approximately 18 liter of oil was leaked/pumped out and burned off due to an internal 
fire in the turbine and in the nacelle area 
  
In accordance with EASA CS-25.1181 to 125.1203, the engine internal oil fire and subsequent outside fire 
occurred in a designated fire zone and for that reason the fire extinguisher system should have extinguished 
the fire. 
 
There seemed to be only one explanation for the fire extinguishing system not being capable of 
extinguishing the oil fire. After the first fire bottle was discharged, the fire in the nacelle area went out. 
However, due to the internal fire in the engine - and the continuous leakage - the oil was re-ignited in the 
nacelle area. This probably happened again after number two fire extinguishing bottle was discharged. The 
fire eventually went out by itself, since the oil tank was nearly emptied and for this reason did not provided 
more oil to the nacelle area. 
 
Under other circumstances; the capacity of the fire extinguisher bottles would have extinguished the fire. 
But in this serious incident, the extinguishing system was not optimal. However, in this type of engine 
failure, a big proportion of oil will always be burned off as an internal fire in the turbine. Therefore, only a 
relatively small amount of oil will come out to the nacelle area. This amount was acceptable and happened 
in a in a designated fire zone.   
After the two fire extinguisher bottles were discharged, there was only a small amount of remaining oil. The 
fire went out by itself since this amount was consumed.  
 
2.1.3 PT1 blades P/N 3120983-01 inspection  
The manufacturer approved the combinations of blades with HMM and HMC in the serial number as well 
as different TSN on the same disc. The AIB-DK did not consider this combination of blades as a 
contributing factor and for that reason further investigation into this matter was not regarded as a necessity. 
 
The inspection of the PT1 blades P/N 3120983-01 manufactured in 2007 and 2008 were covered in SB 
21766. Blades manufactured after 2008 did undergo the manufacturers new inspection and X-ray inspection 
methods. 
 
PT1 blades P/N 3120983-01 manufactured before year 2007 was not subject of an inspection of casting 
defects (shrinkage porosities). Nor were blades subject of a survey of events before this serious incident. 
The affected PT1 blade was manufactured in 2005. 
 
The purpose of the inspection requirements at HSI was to reveal minor surface irregularities in the blades 
airfoil, such as nicks, dents and visible cracks. The purpose of the High Sensitivity (level 3) Fluorescent 
Penetrant Inspection (FPI) at OH was to detect any cracks in the coating of the blades. 
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The FPI could not detect shrinkage porosities. 
 
The shrinkage porosities could only be detected by X-ray inspection. The only time a blade did undergo an 
x-ray inspection was during the manufacturing process. 
 
There were no life limits on the blades. 
 
An operator, engine shop or an O/H facility did not have any possibility to detect micro shrinkage porosity 
in PT1 blades. There were no X-ray procedures except for those done at the manufacturer. 
 
From June to September 2011 three (3) IFSD were reported. In all three events, the PT1 blade fractured 
shortly after take-off during initially climb. During take-off roll and initial climb the engine operated at its 
maximum power setting, which may explain why all three events happened during this phase of the flight. 
 
A fractured PT1 blade during engine operation will always result in a severe turbine failure and an IFSD.   
 
The AIB-DK concluded that this serious incident with the PW127 engine S/N AV0098 was not an isolated 
event. This conclusion was based on the three reported incidents in year 2011 and the one reported in 
Denmark 2006. Furthermore, there were 4 blades in the same Heat (MWA0706) as blade S/N HMM31295, 
which were confirmed, fractured due to micro shrinkage porosity. 
 
Furthermore, the AIB-DK concluded that on the time of the serious incident, there probably still were 
unidentified PT1 blades in circulation around the world with micro shrinkage porosity. This was based on 
that Heat HWA0706 had a total quantity of 6587. Blades at this time could be installed in an engine, or 
perhaps lie in stock. The conclusion was also based on 21 reported and confirmed PT1 blades that were 
identified as being related to porosity, and a number of blades that were re-inspected and found serviceable, 
subsequently fractured due to micro shrinkage porosity. 
 
2.2 Operational investigation 
2.2.1 General 
The licenses held by the flight crew, the flight and duty times of the flight crew, the cabin crew operator 
training and the aircraft mass and balance had, in the AIB-DK’s opinion, no influence on the sequence of 
events. 
 
2.2.2 Flight planning and actual weather 
The pilots planned the flight from EKCH to EKYT with one destination alternate (EKAH). 
 
It is the AIB-DK’s view that the flight planning, including fuel calculations, had no bearing on the 
sequence of events.  
 
In terms of reported weather, the actual weather conditions made it possible for the flight crew to make a 
left hand visual approach to runway 30 rather than an instrument procedure to runway 30, an instrument 
procedure to runway 22L or a visual approach to runway 22L. The flight crew decision on landing on 
runway 30 instead of landing on runway 04R (tailwind component of more than 10 knots) or a visual 
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approach to runway 22L was in the AIB-DK’s opinion an optimum compromise between operational flight 
safety on one hand and reduction of the total airborne time on the other. 
 
By a reduction of the total airborne time, the severity of this incident (inflight fire) and the total risk were 
lessened. 
 
2.2.3 Blade fracture and cockpit warnings  
Immediately upon take-off from runway 22R, the left engine suffered from a Power PT1 blade fracture, 
which led to an oil fire in the nacelle section. 
 
Consequently, three significant warnings were presented to the flight crew:   
1. A cockpit Master Warning was triggered referring to left engine low oil pressure (the oil pressure 

dropped below 40 psi) 
2. A cockpit Master Caution was triggered referring to left engine high ITT (an excessive ITT in flight, 

maximum 800 degrees C) 
3. A cockpit Master Warning was triggered referring to left engine fire (an oil fire sensed by the engine fire 

loop detection system) 
 

Furthermore, a cockpit Master Warning (continuous repetitive chime) was triggered on final to runway 30. 
The AIB-DK finds it possible that this warning was a reactivation of the left engine fire warning. 
 
2.2.4 Crew handling 
Looking at the operational sequence of events, the flight crew workload was high. 
 
For that reason, the AIB-DK supports the way of prioritising the inflight actions by the flight crew: 
1. Fly the aircraft and keep it safe 
2. Handle the emergency 
3. Land as soon as possible 
 
By declaring an emergency (mayday call), fire and rescue services were activated, all runways were 
available, VHF radio communication was conducted on only one ATC frequency and radio silence was 
present (preventing unnecessary clutter for the flight crew), which in all contributed to a reduction of the 
flight crew workload. 
 
Change of controls from the first officer to the commander made it possible for the commander to keep 
continuous visual contact with runway 30, which contributed to a reduction of the total airborne time. In 
this regard and in the overall handling of the emergency, a way of further reducing the flight crew workload 
might have been use of the autopilot. 
 
Taking the severity of this serious incident into consideration and in the interest of flight safety, the flight 
crew decision of overriding the operational procedures including checklists (six emergency checklists) and 
only perform memory items was - under the actual conditions - optimum. This decision also contributed to a 
reduction of the total airborne time and the flight crew workload. 
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Most likely, a high flight crew workload at a critical moment (the left engine fire warning at app. 750 feet 
RA) mentally blocked the flight crew’s perception of the warning and delayed the appropriate emergency 
actions (delay of 1 minute and 31 seconds). However, though an engine fire extinguishing procedure was 
delayed, the AIB-DK believes that this finding did not have a crucial impact on the sequence of events. 
 
The AIB-DK finds the crew interaction and communication valuable to a constructive handling of the 
emergency. The flight crew used available internal (commander and first officer / cabin crew) and external 
resources (ATC) in order to optimize the flight crew decision making, which had a positive bearing on the 
sequence of events. 
 
The AIB-DK regards this incident as an unprepared emergency, which made time a crucial parameter. For 
that reason, crew interaction and communication had first priority rather than continuous information to and 
briefing of the passengers. However, the passengers were briefed in flight on the engine problems and again 
on ground on the disembarkation by the commander. Besides safety related cabin crew duties (securing the 
cabin), the AIB-DK finds it likely that a cabin crew announcement shortly before landing on the engine 
problems and on safety preparations (seatbelts) might have been supportive to the commander’s briefing 
and thereby sustaining a positive passenger control. 
 
2.2.5 Technical status of the aircraft and smoke removal 
In accordance with the MEL, the engine number two bleed valve and the ground x-feed bleed valve was 
deactivated before flight. In flight, the deactivation of the two valves led to the presence of smoke in the 
cockpit and in the passenger cabin simultaneously. 
 
In general, the source to and content of smoke might be unknown to the crew. For that reason and in the 
interest of flight safety, the AIB-DK strongly encourages crew to use the onboard crew breathing protection 
equipment (PBE/oxygen masks/goggles), whenever smoke is present.  
 
By closing (memory item at app. 850 feet RA) the High Pressure Bleed Valve engine no 1, the flight crew 
limited the quantity of smoke in the cockpit and in the passenger cabin. However, the recirculation fans 
were found in the on position, which in an off position might have further reduced the passenger cabin 
contamination. 
 
In the AIB-DK’s view, the MEL release was an approved downgrade of aircraft system redundancy. The 
manufacturer stated that no dedicated procedure (neither in the Flight Crew Operating Manual (FCOM) nor 
in the Quick Reference Handbook (QRH)) covered the prevailing configuration (the aircraft being already 
under MMEL (No bleed #2 and cross bleed valve closed) upon an engine fire warning on Engine #1). 
 
For that reason, the Danish AIB-DK finds that no efficient smoke removal method compensating the lack of 
aircraft system redundancy seemed to be at the disposal of the flight crew. Under the prevailing conditions, 
the smoke emergency procedure (air conditioning smoke) did not direct the flight crew’s decision making 
on how to remove smoke from the cockpit and the passenger cabin, if cabin ventilation was required. 
 
The AIB-DK noted differences (use of differential pressure) when comparing to similar aircraft types (Saab 
340, Fokker 50 and Dash 8). 
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In this serious incident, the Danish AIB-DK does not consider this finding as a contributing factor. 
However, whether or not a similar serious incident (approved downgraded aircraft system redundancy 
before flight) takes place shortly after takeoff or at any altitude (in this case - flight level limited to FL 170 
by MEL), appropriate and comprehensive flight crew procedures must be available. For that reason, the 
AIB-DK regards this finding as a flight safety issue, which needs further consideration. 
 
3. Findings 
3.1 Technical and operational findings   
3.1.1 Technical findings  
1. One PT1 blade had fractured.  
2. Fatigue crack propagation caused by casting defects (shrinkage porosities) on one PT1 blade. 
3. The PT failure led to an internal as well as an external engine oil fire.  
4. All installed PT1 blades had an Authorized Release Certificate. 
5. The combination of blades with different TSN and different letters in the serial number on the 

same disc was approved. 
6. 37 PT1 blades were replaced with new ones in February 2006, included the failed one. 
7. The PT1 blade came from production Heat Number MWA0706 
8. The Heat Number had a quantity of 6587 blades. 
9. Four (4) blades from Heat Number MWA0706 were found to have fractured due to micro 

shrinkage porosity.  
10. Eight (8) confirmed porosity-related fracture events for PT1 blades installed in 2004 and 2005 

(21 total since 2004) have been reported. 
11. A number of blades were re-inspected and found serviceable (i.e. not included in SB21766) 

subsequently fractured due to micro shrinkage porosity (pre- 2008 X-ray inspection process). 
12. The blade P/N 3120983-01 and S/N HMM31295 were manufactured in 2005. 
13. Service Bulletin 21766 issued in 2008 to remove identified suspected PT1 blades manufactured 

in 2007 and 2008. 
14. The manufacturer introduced a new inspection and X-ray procedure in 2008. 
15. Service Bulletin 21766 did not cover PT1 blades manufactured before 2007. 
16. There was no lifetime (scrap time) on the PT1 blades. 
17. The PT1 blades were discarded (scraped) “on condition” only. 
18. The Inspection Requirement for the PT1 blades dos not contains X-ray procedure. 
19. The engine fire extinguishing system was certified and in complies with EASA CS 25.1181 to 

25.1203. 
 
For further findings during the engine tear down see enclosure 5.  
  
3.1.2 Operational findings 
1. The licenses held by the flight crew, the flight and duty times of the flight crew, the cabin crew 

operator training and the aircraft mass and balance had no influence on the sequence of events. 
2. The flight planning including fuel calculations had no bearing on the sequence of events.  
3. The actual weather conditions made it possible for the flight crew to make a left hand visual 

approach to runway 30. 
4. By a reduction of the total airborne time, the total risk was lessened. 
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5. Immediately upon take-off from runway 22R, the left engine suffered from a PT1 blade fracture, 
which led to an oil fire in the nacelle section. 

6. Consequently, three significant warnings were presented to the flight crew. 
7. The flight crew workload was high. 
8. By declaring an emergency, fire and rescue services were activated, all runways were available, 

VHF radio communication was conducted on only one ATC frequency and radio silence was 
present. 

9. The flight crew decision of overriding the operational procedures including checklists (six 
emergency checklists) and only perform memory items was - under the actual conditions - 
optimum. 

10. A high flight crew workload at a critical moment mentally blocked the flight crew’s perception of 
the warning and delayed the appropriate emergency action. 

11. The crew interaction and communication was valuable to a constructive handling of the 
emergency. 

12. The flight crew used available internal and external resources in order to optimize the flight crew 
decision making. 

13. The serious incident was an unprepared emergency, which made time a crucial parameter. 
14. Crew interaction and communication had first priority rather than continuous information to and 

briefing of the passengers. 
15. The passengers were briefed in flight on the engine problems and again on ground on the 

disembarkation by the commander. 
16. A cabin crew announcement shortly before landing on the engine problems and on safety 

preparations might have been supportive to the commander’s briefing and thereby sustaining a 
positive passenger control. 

17. The engine number two bleed valve and the ground x-feed bleed valve was deactivated before 
flight. 

18. The deactivation of the two valves led to the presence of smoke in the cockpit and in the 
passenger cabin simultaneously. 

19. In the interest of flight safety, the use of the onboard crew breathing protection equipment was 
advisable.  

20. By closing the High Pressure Bleed Valve engine no 1, the flight crew limited the quantity of 
smoke in the cockpit and in the passenger cabin. 

21. The MEL release was an approved downgrade of redundancy. 
22. An efficient smoke removal method was not at the disposal of the flight crew. 
23. The ATR smoke emergency procedures seemed not to be sufficient if smoke was persisting and 

cockpit/passenger cabin ventilation was required. 
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3.2 Factors  
There were two factors leading to the engine failure. 
 
1. Fatigue crack propagation caused by casting defects (shrinkage porosities) on one PT1 blade. 
2. Fracture of one of the PT1 blades. 

 
3.3 Summery 
The root cause of the engine failure and engine fire was found to be fatigue crack propagation caused by 
casting defects (shrinkage porosities) of one of the Power Turbine (PT) stage 1 blade, which led to fracture 
of one of the PT1 blades. The fractured blade caused a lot of fractured PT stage 2 blades and the PT Rotor 
came in unbalance and broke the bolts holding the Rotor shaft Bearing Housing No 6 & 7. This in turn put 
all the force on the Bearing Housing oil transfer tubes causing them to break, subsequently leading to an oil 
leak. The internal oil leak caused a fire. The leaking oil continued out to the bottom of the nacelle and the 
internal oil fire then spread outside to the nacelle area.  
 
The technical investigation revealed that this event was not an isolated event. The AIB-DK concluded that 
at the time of the serious incident, there were unidentified PT1 blades from the same Batch (Heat) in 
circulation around the world as the fractured PT1 blade - with micro shrinkage porosity. 
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4. Safety recommendations 
4.1  Transport Canada (TC) 
Based on the information gathered and shared among the Safety Investigation Authorities, the Danish 
Accident Investigation Board (AIB-DK) addressed the following recommendations to TC: 
 
REC DENM-2012-01 
 
Motivation: 
 
Fatigue failure of PT1 rotor blade was found a recurrent failure on this engine, with a total of at least 28 
events already due to this root cause in the timeframe 2005-2011, with a peak in 2008-2009. 
As a consequence, in April 2008 the engine manufacturer improved the X-Ray inspection on the new 
blades by introducing an additional view specifically to be taken in the area of interest (core pocket). In 
addition, all retained X-Ray films were reviewed and 68 blades were limited in terms of service life in 
accordance with SB 21766. 
The recurrence of the failure in a wide range of accumulated cycles/flight hours shows that time to rupture 
can't be predicted and it is mainly dependent on the size of the original shrinkage porosity. So, all other 
blades currently in service could be potentially affected by the same kind of deferred fatigue failure when a 
defect, not revealed at the first and only check for blades manufactured before 2007 or not detected at the 
second check in case of blades manufactured between 2007 and 2008, is big enough to propagate a crack. 
 
Text:  
 
To consider the need to early withdraw from service the Power Turbine stage 1 blades 
manufactured before the introduction of NDT improvement or, alternatively, to urgently introduce a 
one shot X-Ray inspection on all those blades having accumulated a number of cycles beyond a limit 
to be established (e.g. 2000), specifically focused on the pocket area to exclude the presence of a 
fatigue crack. 
 
 
REC DENM-2012-02 
 
Motivation: 
 
One more fatigue breakage was observed on new PT1 blades manufactured after implementing the 
improved X-Ray inspection, although at the moment they only have accumulated a limited number of 
cycles. 
In effect, in absence of a robust POD (Probability of Detection) study and with no knowledge of the 
minimum casting defect able to promote the crack growth, it seems there is still some uncertainty on the 
effective improvement achieved in terms of reliability of the parts. 
The significant increase in rejection rate at production, being only limited to 2011, at the moment can't be 
considered as a proof of the effectiveness of the modifications introduced since 2008. 
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Text:  
 
Taking into account the high volume of Power Turbine stage 1 blades production, to consider the 
opportunity to introduce in production, at least as a temporary measure, an additional Computed 
Tomography check on a representative sample of blades in order to gain confidence on the effective 
improvement achieved through the review of the X-Ray methodology implemented in 2008. 
 
 
4.2 European Aviation Safety Agency (EASA)   
Based on the information gathered and shared among the Safety Investigation Authorities, the Danish 
Accident Investigation Board (AIB-DK) addressed the following recommendations to EASA: 
 
REC DENM-2012-03 
 
Motivation: 
 
Investigations revealed that the emergency procedure (air conditioning smoke) did not direct the flight 
crew's decision making on how to remove smoke from the cockpit and cabin if smoke persisted. 
Comparing to similar aircraft types (Saab 340, Fokker 50 and Dash 8), differences were noted and it was 
found that the A TR smoke emergency procedures seemed not to be sufficient if smoke was persisting and 
cockpit/passenger cabin ventilation was required. 
Although in the serious incidents on subject this finding was not considered as a contributing factor, 
however, whether or not a similar incident takes place shortly after takeoff or at any altitude, no ATR 
smoke removal emergency procedure seemed to be at the disposal of a flight crew. For that reason, the 
signing investigation authorities regarded this finding as a flight safety issue, which needed further 
consideration. 
 
Text:   
 
To review the emergency procedures on ATR aircraft in order to ensure efficient removal of 
persisting smoke and appropriate cockpit/passenger cabin ventilation. 
 
 
REC DENM-2012-04 
 
Motivation: 
 
All events were due to a severe mechanical damage and occurred at initial climb, although not necessarily 
immediately recognized as such by the crews and treated as an in-flight fire at a following stage. 
The investigation highlighted an uncertainty on the emergency procedure in force at the time of the event, 
considering the several amendments issued and ongoing on this subject. 
Examination of the existing documentation, namely the EU-OPS 1.130, seems not able to clarify in 
mandatory terms the timeframe and the procedures to achieve the effective operator compliance on this item 
when the AFM modification is not accompanied by a dedicated AD. 
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Text:   
 
To consider the need to harmonize the procedures, or to review the existing documentation as 
necessary, in order to establish in all cases a time limit within which to make effective in the AFM 
owned by operators the amendments approved by EASA. 
 
 
REC DENM-2012-05 
 
Motivation: 
 
ATR AFM Temporary Revision of the "engine fire at take-off' emergency procedure approved in Nov. 
2011 introduced a large number of further memory items. 
The increasing number of memory items seems to reflect a general trend in the implementation or review of 
the emergency procedures; however, it seems highly desirable that a careful consideration take place on the 
potential negative effects of the consequent build-up of the crew workload. 
In this case, in addition to a delay of the shutoff action on the affected engine, it may potentially cause an 
area of hazard taking into consideration the criticality of the phase of flight. 
 
Text: 
 
To promote an internal debate (e.g.: dedicated working group, workshop, etc.) to carefully evaluate 
the pros and cons of a continuously increasing of memory items introduced in the implementation or 
review of the emergency procedure, mainly when to be applied in a critical phase of flight. 



Page 48 

5. Enclosures 
 
1. The operational sequence of events 
2. The landing roll 
3. Overview of EKCH Airport 
4. DFDR plots 
5. Engine tear down 
6. Laboratory analysis 
7. Blades form 8337 
8. Service Bulletin 21766R3 
9. Engine oil low pressure – checklist 
10. Engine over limit – checklist 
11. Inflight engine fire – checklist 
12. Single engine operation – checklist 
13. Smoke – checklist 
14. Air conditioning smoke – checklist 
15. On ground emergency – checklist 
16. Equipment overview – Crew Procedure Handbook 
17. Unprepared emergency – Crew Procedure Handbook 
18. Tri-National interim report. 
19. Smoke removal procedure – Saab 340 
20. Smoke removal procedure – Fokker 50 
21. Smoke removal procedure – Dash 8  
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Enclosure 1 - The operational sequence of events 
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Enclosure 2 - The landing roll 
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 Enclosure 3 - Overview of EKCH Airport 
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Enclosure 4 - DFDR plot A and B 
Plot A 
 



Page 53 

Plot B 
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Enclosure 5 - Engine tear down 
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Enclosure 6 - Laboratory analysis 
 
1. Result 
Main chip detector: Among a large amount of debris was a few, up to 1.0 mm, chips of M50 bearing steel. 
The majority of the debris was of materials AMS 6414, 6415 and stainless steels like 17-4PH and 18-8.  
 
RGB chip detector: A small amount of fine debris from material AMS 6260, 6265 and stainless steel 17-
4PH, 18-8 and 410.  
 
 
PT Disc stage 1. 
 
 
 
Photo No1. PT Disc 1 with two blades missing. FWD side.  

 
 
 



Page 67 

 
 
 
 
 X X X X X 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 2. A closer view of the fractured blades. The five (5) blades marked with X were removed from 
the disc for a closer investigation.  
 
 
 
 
 HMC34146 HMM31295 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 3. The five blades after removal from disc. Visual inspection of the two fractured blades showed 
that S/N HMC34146 had a tensile overload fracture. Blade S/N HMM31295 was subjected to a 
fractographic investigation using a SEM. See page 69 to 72. 
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Photo No 4. blade S/N HMC34146 had a tensile overload fracture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                LE 
 
 
 
 
 
 
 
 
 
Photo No 5. All of the PT1 blades showed evidences of high temperature at the airfoil close to the root 
platform. This is probably a secondary damage since the two broken blades show evidences of high 
temperature on the fracture surfaces close to the leading edges. 
 



Page 69 

 
Blade S/N HMM31295. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 6. The fracture surface of blade S/N HMM31295 
 
 
 
 
 F 
 
 
 
 T 
 T 
 
 
 
 
 
 
 
Photo No 7. S/N HMM31295. SEM-investigation (see the following pages) showed that area F is a 
fatigue surface, areas T are tensile fracture surfaces. 
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 B 
 
 
 
 A C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 8. Red lines show areas with shrinkage porosities where area C is the largest (photo no 10) 
 
 
 
 
 
 
 F 
 
 
 
 
 
 
 
 F 
 
 
 
 
 
 
 
 
 
Photo No 9. Red lines show the limit between fatigue, F, and overload fracture.  
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Photo No 10. Area C in photo no 8. The red line shows the extension of the shrinkage porosity. The 
arrows show the direction of fatigue propagation, away from the porosity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 11. Higher magnification of fatigue propagation initiated by the shrinkage in photo no 10. 
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Photo No 12. Area A in photo no 8 with shrinkage porosity, from which fatigue propagates (arrows). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 13. Area B in photo no 8 with a porous structure in general. Arrows show direction of fatigue 
propagation.  
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PT Disc stage 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo No 14. PT Disc stage 2, AFT looking FWD. 
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Photo No 15. All fracture surfaces were closely inspected and found to be tensile overload fractures, 
which mean they are a secondary event.  
 
 
2. Conclusion 
The investigation of the parts from engine PW127F, S/N AV0098, showed tensile overload fractures in 
all blades but one.  
PT blade stage 1, S/N HMM31295, had fractured about 8 mm above the root platform as a result of 
fatigue crack propagation caused by casting defects (shrinkage porosities).  
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Enclosure 7 - Blades form 8337  
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Enclosure 8 - Service Bulletin 21766R3 
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Enclosure 9 - Engine oil low pressure 
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Enclosure 10 - Engine over limit 
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Enclosure 11 - Inflight engine fire 
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Enclosure 12 - Single engine operation 
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Enclosure 13 - Smoke 
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Enclosure 14 - Air conditioning smoke  
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Enclosure 15 - On ground emergency 
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Enclosure 16 - Equipment overview 
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Enclosure 17 - Unprepared emergency ATR72 
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Enclosure 18 - Tri-National interim report 
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Enclosure 19 - Saab 340 smoke removal  
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Enclosure 20 - Fokker 50 removal 
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Enclosure 21 - Dash 8 – smoke removal 
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