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ENCLOSURE 1 TO 
BP44206784 

BIOMATHEMATICAL FATIGUE MODELLING 

This enclosure provides an overview of Biomathematical Fatigue Modelling (BFM) conducted as a 
part of the investigation. Biomathematical models are tools for predicting crewmember fatigue 
levels based on a scientific understanding of the factors that contribute to fatigue. BFM is widely 
used by investigative agencies to analyse a person’s expected fatigue level at a specific time based 
on analysis of their prior sleep.  

The Australian Civil Aviation Safety Authority (CASA) released the Biomathematical Fatigue 
Models Guidance Document in 2014, as well as supplementary guidance related to the use of BFM 
in 2021. These documents provide a comprehensive overview of the science of BFM, usage 
limitations and a summary of select commercially available models, including SAFTE-FAST 
provided by the Institutes for Behavioural Resources.  

SAFTE-FAST is a desktop and web-based software application that utilises the validated Sleep, 
Activity, Fatigue and Task Effectiveness (SAFTE) model. The SAFTE model derived from research 
conducted by the US Walter Reed Army Institute of Research has been used extensively throughout 
military and civilian aviation settings. The Review of ADF Aviation Workforce Fatigue Management 
released in 2013 recommended SAFTE-FAST as the preferred BFM for use in the Defence Aviation 
context.   

SAFTE-FAST, like all BFM software applications, has limitations that must be considered, 
including: 

a. The model assumes that personnel are fully rested at the beginning of the schedule.
b. The model predicts risk probabilities for a population average rather than fatigue levels of a

specific individual.
c. The model does not account for the impact of workload or personal and work-related

stressors that may affect fatigue levels.
d. The model does not consider the influence of all components of environmental stress or

workload on predicted alertness.

Accordingly, the use of SAFTE-FAST to model whether an individual was likely to have been 
fatigued at the time of a safety event must be undertaken with caution.  

SAFTE-FAST Input Data. The SAFTE-FAST models for the AC and CP were generated using 
sleep estimate data as detailed in Table 1 and Table 2. The sleep estimates were based on interviews 
and sleep data from other aircrew. All times are expressed in local (K) for context. While the use of 
sleep estimate data is considered appropriate in this context, the results must be interpreted with the 
acknowledgement of this limitation. The quality of sleep specified within SAFTE‑FAST was 
adjusted based on the environment and in accordance with guidance from the RAAF Institute of 
Aviation Medicine1.   

1 IA-2024-014-AG – Use of Tools and Strategies to Assess and Manage Fatigue, Annex E. 
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Table 1: BSMN 83 AC Sleep and Wake Times (5 Days) 

Date Wake Sleep 

24 Jul 23 0500K 0005K (Tues 25th)

25 Jul 23 0700K 2330K 

26 Jul 23 0900K 0200K (Thurs 27th)

27 Jul 23 0700K 0200K (F1i 28th)

0930K2

28 Jul 23 0700K ---

Table 2: BSMN 83 CP Sleep and Wake Times (5 days) 

Date Wake Sleep 

24 Jul 23 0600K 2230K 

25 Jul 23 0730K 2230K 

26 Jul 23 0730K 0330K (Thurs 27th)

27 Jul 23 0815K 0100K (Fri 28th)

28 Jul 23 0830K ---

Interpreting SAFTE-FAST Output Metrics. SAFTE-FAST models the ability of the average 
person to perfo1m effectively as detennined by time of day, biological rhythms, time spent awake, 
amount of prior sleep, and sleep quality. SAFTE-FAST produces a number of perfo1mance and 
fatigue-related metrics. 

The primary metric used to estimate cognitive perfo1mance in SAFTE-FAST is called Effectiveness. 
Effectiveness scores are based on predicted reaction time speed on the Psychomotor Vigilance Task 
and is displayed as a percentage of individual optimum perfonnance. Lower Effectiveness scores 
indicate slower cognitive reaction times and speed of cognitive processing. As shown in Table 3, 

2 After waking at 0700, the AC had an additional window of sleep opportunity (via an intended nap)
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Effectiveness scores correlate with other variables that are known to effect performance such as 
continuous wakefulness, reaction time and blood alcohol level.  

Table 3: Relationship between SAFET-FAST Effectiveness Scores and Other Fatigue Metrics 

The US Federal Aviation Administration (FAA) consider Effectiveness scores below 77% to 
constitute a fatigue risk3. An Effectiveness score of 77% is equivalent to being awake for 18.5 
hours continuously, a 30% increase in reaction time and a blood alcohol level of 0.05%. The 
Defence Aviation Fatigue Management Guidebook provides guidance to support the 
interpretation of Effectiveness scores (see Table 4). Consistent with the FAA, the Guidebook 
defines 77% as the Effectiveness threshold for exercising ‘caution’. The Guidebook notes that 
Effectiveness scores at or below 77% constitute a fatigue risk and require active management. 

Table 4: Guidance on SAFTE-FAST Effectiveness Scores 

3 FAA, 2012. Flightcrew member duty and rest requirements. In: F.A. Administration. US Department 
of Transportation, Washington DC. 
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SAFTE-FAST Graph for AC. The SAFTE-FAST graph for AC is shown in Figure 1.  

SAFTE-FAST estimated that the AC had an Effectiveness score of 73% at the time of the accident 
(2230hrs).  An Effectiveness score of 73% is equivalent to 19-21 hours of wakefulness, a 37% 
increase in reaction time and a blood alcohol level above 0.05%. SAFTE-FAST estimated that, at 
the time of the accident, the AC was 4.5 times more likely to experience a lapse in attention than 
would be expected during an average day in a well-rested person. Effectiveness scores below 77% 
are considered to constitute a fatigue risk. 

SAFTE-FAST estimated that the AC’s Effectiveness score would have continued to progressively 
fall to approximately 49% should the duty period have continued to its maximum scheduled limit of 
0300hrs.  

Figure 1: SAFTE-FAST Graph for AC 

SAFTE-FAST Graph for CP. The SAFTE-FAST graph for CP is shown in Figure 2.  

SAFTE-FAST estimated that the CP had an Effectiveness score of 77.5% at the time of the accident. 
An Effectiveness score of 77.5% is equivalent to approximately 18.5 hours of wakefulness, a 29% 
increase in reaction time and a blood alcohol level below 0.05%. SAFTE-FAST estimated that, at 
the time of the accident, the CP was 3.6 times more likely to experience a lapse in attention than 
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would be expected during an average day in a well-rested person. For the purposes of SAFTE-FAST 
modelling, Effectiveness scores above the 77% are considered to not constitute a safety risk. 

SAFTE-FAST estimated that the CP’s Effectiveness score would have continued to progressively 
fall to approximately 54% should the duty period have continued to its maximum scheduled limit of 
0300hrs.  

Figure 2: SAFTE-FAST Graph for CP 

Summary. The analysis of sleep history data using BFM indicated that, at the time of the 
accident, it is likely the AC was experiencing a level of fatigue sufficient to impede their 
performance. Effectiveness scores below 77% are considered to constitute a fatigue risk. At 
the time of the accident, the predicted Effectiveness score for the was 73% for the AC and 
77.5% for the CP. Effectiveness scores for the pilots would have continued to progressively 
fall should the duty period have continued as scheduled. Noting the general limitations of 
BFM, these results cannot be interpreted in isolation and require consideration in combination 
with other available sources of information and the circumstances of the event. 

OFFICIAL

OFFICIAL

OFFICIAL

OFFICIAL8 DFSB REPORT ENCLOSURE : 1



5 

would be expected during an average day in a well-rested person. For the purposes of SAFTE-FAST 
modelling, Effectiveness scores above the 77% are considered to not constitute a safety risk. 

SAFTE-FAST estimated that the CP’s Effectiveness score would have continued to progressively 
fall to approximately 54% should the duty period have continued to its maximum scheduled limit of 
0300hrs.  

Figure 2: SAFTE-FAST Graph for CP 

Summary. The analysis of sleep history data using BFM indicated that, at the time of the 
accident, it is likely the AC was experiencing a level of fatigue sufficient to impede their 
performance. Effectiveness scores below 77% are considered to constitute a fatigue risk. At 
the time of the accident, the predicted Effectiveness score for the was 73% for the AC and 
77.5% for the CP. Effectiveness scores for the pilots would have continued to progressively 
fall should the duty period have continued as scheduled. Noting the general limitations of 
BFM, these results cannot be interpreted in isolation and require consideration in combination 
with other available sources of information and the circumstances of the event. 

OFFICIAL

OFFICIAL

ENCLOSURE 2
Aviation Safety Investigation Technical  
Report — 6th Aviation Regiment  
— NHIndustries MRH-90 Taipan A40-040,  
Spatial Disorientation leading to Controlled  
Flight Into Terrain (CFIT), Whitsunday Islands,  
QLD, 28 July 2023

OFFICIAL OFFICIAL

OFFICIAL 9DFSB REPORT ENCLOSURE : 2



BP44116922

Aviation Safety Investigation Technical Report

6th Aviation Regiment – NHIndustries MRH-90 Taipan A40-040, 
Spatial Disorientation leading to Controlled Flight Into Terrain (CFIT), 

Whitsunday Islands, QLD, 28 July 2023

ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

OFFICIAL

OFFICIAL10 DFSB REPORT ENCLOSURE : 2



2 

EXECUTIVE SUMMARY 
 
1. Examination of the wreckage of MRH-90 Taipan A40-040 did not identify any 
existing damage to the airframe and major systems nor any malfunctions of major systems 
throughout the flight or prior to impact with water. The degree of aircraft damage is indicative 
of the last flight data recordings of 135 KIAS and a 5200 ft/min descent rate, suggesting the 
aircraft impacted the water at high speed. Damage to the main rotor components revealed that 
the rotor blades were turning at high speed, with the engines operational and driving the rotors 
at the time of impact. The Aviation Safety Investigation Team (ASIT) could find no evidence 
of fatigue damage or pre-impact failure of the airframe or major aircraft systems within the 
scope of the investigation.  

2. Analysis of data acquired from the Voice and Flight Data Recorder (VFDR) 
confirmed there were no discrepancies between the pilot’s physical control inputs and 
aircraft’s Flight Control System outputs.  

3. The technical investigation concluded that the aircraft impacted the water on the 
front left-hand side of the airframe in a nose down and left-wing-low attitude. This was drawn 
from evidence related to the presence of cockpit components in the rear fuselage and 
associated impact damage to the airframe and major systems. Of note, the Preliminary Report 
indicated that the aircraft might have impacted the water at an angle of bank to the right. 
Since the last data reading was 1 to 2 seconds prior to impact, it would not have picked up the 
attitude change from right back to left bank.  

4. The ASIT concluded that the aircraft’s major systems such as engines, gearboxes, 
main and tail rotor transmissions, and flight controls were operating normally and were 
serviceable throughout the flight and at impact with the water. Within the scope of the 
investigation, the ASIT could not find any evidence of an aircraft unserviceability during the 
technical Lines of Enquiry (LOE).  
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INTRODUCTION 

5. On 28 Jul 23, an MRH-90 Taipan A40-040 from 6 Aviation Regiment (6 AVN 
REGT), call-sign ‘Bushman 83’, collided with water during Exercise TALISMAN SABRE 23 
(EX TS23). An Aviation Safety Report (ASR) DEFEV2371190 was raised (Reference A). On 
29 Jul 23, Commander Aviation Command (COMD AVNCOMD) appointed the Defence 
Flight Safety Bureau (DFSB) to form an Aviation Safety Investigation Team (ASIT) to 
investigate this Class A event (Reference B). DFSB provided a Preliminary Report (Reference 
C), on 29 Aug 23. It detailed the key sequence of events and preliminary operational and 
technical information acquired by the ASIT. This report is an enclosure to the Aviation Safety 
Investigation Report (ASIR) and represents the detailed analysis and findings associated with 
the technical investigation Lines of Enquiry (LOE). 

6. The ASIT completed the Technical LOE through visual examination, disassembly 
and borescope inspection of both engines, and forensic examination of aircraft components 
retrieved from the accident site. Voice and Flight Data Recorder (VFDR) data from the 
aircraft’s Crash Survivable Memory Unit (CSMU) was analysed and compared to the results 
gained from the examination of aircraft wreckage. DFSB also tasked the Defence Science and 
Technology Group (DSTG), Airbus Australia Pacific (AAP) and NHIndustries (NHI) to 
conduct independent visual and forensic examination of the wreckage and analysis of VFDR 
data in support of the investigation, with respective reports provided at References C through 
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FACTUAL INFORMATION

Aviation platform

7. Details of the incident MRH-90 Taipan are contained in the Factual Information 
section of the ASIR (OBJ: BP44206784).

Weight and balance

8. A40-040 Chart A – Kit checklist (OBJ: BQ49699667) and Chart C – Basic weight 
and balance record (OBJ: BQ29955789) were last updated on 25 Jul 23. Weight and balance 
were within limits and there was no discrepancies between Chart A and Chart C. 

Fuel

9. Fuel samples could not be recovered due to the state of A40-040’s wreckage. 
Samples were taken from the other three formation aircraft and the original aircraft that 
subsequently became unserviceable before flight. All four aircraft were replenished from the 
same fuel source as A40-040. Samples were taken from various fuel cells from each aircraft
to ensure widespread sampling range and sent to DSTG for analysis. Subsequent results from 
DSTG (BP43392110) found that samples from all aircraft were clear of any anomalies and fit 
for purpose at the time of the event.

Technical information

10. Structure. The MRH-90 structure (Figure 1) comprises four separately 
manufactured main sections which are joined at interface Frames 4, 11 and 14:

a. forward (FWD) fuselage (Frames 1 to 4)

b. centre fuselage (Frames 4 to 11) including upper deck fairings and sponsons

c. rear fuselage (Frames 11 to 14) including Tail Rotor Drive Shaft (TRDS) fairings

d. tail pylon (aft of Frame 14) including tail pylon fairings.

Figure 1: MRH-90 fuselage structure
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INTRODUCTION 

5. On 28 Jul 23, an MRH-90 Taipan A40-040 from 6 Aviation Regiment (6 AVN 
REGT), call-sign ‘Bushman 83’, collided with water during Exercise TALISMAN SABRE 23 
(EX TS23). An Aviation Safety Report (ASR) DEFEV2371190 was raised (Reference A). On 
29 Jul 23, Commander Aviation Command (COMD AVNCOMD) appointed the Defence 
Flight Safety Bureau (DFSB) to form an Aviation Safety Investigation Team (ASIT) to 
investigate this Class A event (Reference B). DFSB provided a Preliminary Report (Reference 
C), on 29 Aug 23. It detailed the key sequence of events and preliminary operational and 
technical information acquired by the ASIT. This report is an enclosure to the Aviation Safety 
Investigation Report (ASIR) and represents the detailed analysis and findings associated with 
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11. The MRH-90 structure is primarily made of composite materials (Figure 2) 
manufactured in a monocoque construction. The use of composite materials gives weight 
saving/strength advantages over conventionally monocoque constructed (aluminium) 
helicopter designs.   

 
Figure 2: MRH-90 fuselage construction 

12. Flight Control System (FCS). The FCS utilises a full Fly-by-Wire (FBS) system, 
with electrical wires transmitting control signals to actuators, replacing the conventional 
control rods, bell cranks, pullies and cabling used in other helicopters. The FCS is based on a 
multi-redundant architecture comprising a Primary Flight Control System (PFCS) supporting 
basic functions and the Automatic Flight Control System (AFCS), which controls mission 
task functions. The aircraft also has a low-mounted, non-moving horizontal stabiliser on its 
starboard side. 

13. The Cyclic Control (Figure 3) comprises a cyclic stick, with an electro-mechanical 
trim servo that assists with inputs to the channel. Both the left- and right-hand cyclic control 
assemblies are interlinked via a coupler shaft located under the cockpit floor that runs 
between the two cyclic stick inputs.  
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Figure 3: Cyclic system 

14. The collective inputs are similar in construct with a collective stick, Inceptor and 
Transducer Units (ITUs) and a trim servo. Both collective inputs are connected via a coupler 
shaft under the cockpit floor. These inputs are then transmitted via the ITUs and the trim 
servos to the Flight Control Computer (FCC), which provides appropriate inputs to the three 
hydraulic servos. 

15. The hydraulic servos change the angle of the swashplates; the swashplates are 
connected to the main rotor Pitch Change Rod (PCR) and subsequently connected to the main 
rotor blade. As the angle of the swashplate is altered, so is the angle of the main rotor blade, 
thereby providing directional changes. 

16. The yaw control system (Figure 4) contains two sets of mechanically linked pedals, 
electrically connected to the FCC via ITUs. Electrical signals are subsequently sent from the 
FCCs to the tail rotor for directional input. 

 
Figure 4: Yaw control system 

17. Main rotor system. The main rotor has four main rotor blades, with yellow, blue, 
black and red identifying markings as they progress through their rotation. The blades are 
attached to the rotor hub via a sleeve and a spherical bearing and are linked to each other with 
lead-lag dampers. Lead and lag stops limit the contact between the blade and the rotor head, 
with pitch control transmitted from the swashplate to each blade through the PCRs. Figure 5 
shows the MRH-90 main rotor components.  
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Figure 5: MRH-90 main rotor components diagram

18. Main Rotor Gearbox (MRGB). Part of the MRGB attachment is the Système Anti-
Résonnance Intégré à Barres (SARIB) system, Figure 6. The SARIB allows transmission of 
loads from the main rotor to the aircraft, reduces dynamic loading, assists in system alignment 
and can absorb some loads from the main rotor and MRGB in the event of a crash.

Figure 6: SARIB system diagram

19. Tail rotor system. The tail rotor drive (Figure 7) comprises four connected drive 
shafts originating from the rear side of the MRGB. These shafts are connected to the 
Intermediate Gearbox (IGB), which feeds up to the Tail Rotor Gearbox (TRGB) to turn the 
tail rotors.
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Figure 7: Tail rotor drive 

20. Horizontal Stabiliser. The Horizontal Stabiliser assembly (Figure 8) is located 
below the tail rotor and provides the down-force necessary to keep the helicopter stable in 
flight. On the ground, it acts as a work platform for one member during tail rotor 
maintenance. 

 
Figure 8: Stabiliser assembly 

ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

10

Figure 5: MRH-90 main rotor components diagram

18. Main Rotor Gearbox (MRGB). Part of the MRGB attachment is the Système Anti-
Résonnance Intégré à Barres (SARIB) system, Figure 6. The SARIB allows transmission of 
loads from the main rotor to the aircraft, reduces dynamic loading, assists in system alignment 
and can absorb some loads from the main rotor and MRGB in the event of a crash.

Figure 6: SARIB system diagram

19. Tail rotor system. The tail rotor drive (Figure 7) comprises four connected drive 
shafts originating from the rear side of the MRGB. These shafts are connected to the 
Intermediate Gearbox (IGB), which feeds up to the Tail Rotor Gearbox (TRGB) to turn the 
tail rotors.

ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

OFFICIAL OFFICIAL

OFFICIAL 19DFSB REPORT ENCLOSURE : 2



12

21. Engines. The MRH-90 is fitted with two RTM-322.01/9 engines, manufactured by 
Safran. Figure 9 shows a cross-section of the MRH-90 RTM-322.01/9 engine with the major 
engine component assemblies. A40-040 was fitted with the following engines: 

a. Left-hand (LH) engine 1: ESN 6514, with a total of 1431.3 engine hours (ENHR). 
ESN 6514 had undergone HP1 Blades Modification (MOD 7210.023-392) on 4 Apr 23.

b. Right-hand (RH) engine 2: ESN 6556, with a total of 803.5 ENHR. ESN 6556 had 
undergone HP1 Blades Modification (MOD 7210.023-392) on 7 Jun 21.

Figure 9: Cross-section of the RTM-322.01/9 engine
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Damage to aircraft 

22. Evidence of fire. There was no evidence of fire.  

23. Aircraft Damage Level (ADL). A40-040 sustained Class A ADL in accordance 
with the DFSB Classification of Flight Operations Aviation Safety Events1. The definition of 
Class A is: 

a. the aircraft has either been destroyed, missing, unrecoverable or 

b. has sustained damage to such an extent that it is unrepairable or uneconomical to 
repair.  

24. Impact site. Figure 10 shows the initial impact site south of Hamilton Island and the 
resulting debris field. Aircraft debris was spread approximately 304 m across the seabed due 
to the tidal flow in the Whitsunday Passage as detailed in the environmental section of the 
main report.   

 
Figure 10: Aircraft impact site and debris field 

                                                 
1 Latest ASR classification information is available on the DFSB website WEF 21 Apr 2023. Pages - ASR 
Support and Resources 
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25. Recovered wreckage. The recovered wreckage was transported to HMAS Harman 
by air and road for detailed examination. The wreckage included the following large items: 

a. LH and RH engines 

b. main rotor head, main gearbox and upper structural sections of the fuselage 

c. tail pylon section from the start of the rear ramp to the aft end of the tail boom 

d. tail rotor section aft from the IGB.  

26. Small items recovered included, but were not limited to, composite skin sections, 
instruments, tail rotor drive shaft sections, avionic boxes and flight control components.  

27. The ASIT completed on-site evidence recovery operations on 15 Oct 23, having 
recovered all essential wreckage required to complete the technical LOE. The site was handed 
over to AVNCOMD to continue recovery operations using the contracted civilian company 
and assets. Further recovered evidence was delivered to HMAS Harman by the end of 
November 2023.  

 
Figure 11: Initial debris consolidation 

28. Structure. Multiple pieces of aircraft debris were recovered, including substantial 
fractured pieces of the composite fuselage. Figure 11 displays the debris recovered and 
consolidated at the Queensland Police Service (QPS) station in Airlie Beach. The ASIT 
estimated that approximately 70% of the aircraft fuselage was recovered from the seabed and 
impact site.  
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29. The intact rear fuselage and tail pylon section, aft of Frame 11, was recovered and 
included the structure from the rear crew ramp to the aft end of the tail boom (Figure 12). 
There were several areas of structural damage to the rear fuselage and tail pylon section 
including cracking due to a downward deflection of the tail at Frame 13. The aft tail section, 
which includes the tail rotor assembly, was found to have separated from the tail pylon at the
aft end of the tail boom. The TRDS cowling exhibited rubbing damage with some paint 
missing. The rear cabin interior suffered structural damage and contained displaced wiring 
and some cockpit instruments that were propelled from the forward fuselage.

Figure 12: Aft fuselage

30. A laser-level was used to confirm alignment of three distinct locations of damage to 
the crew ramp. These included impact damage to the cabin floor and frame, a piece of 
composite wedged in the ramp access hatch, and damage to the crew escape hatch opening, 
which was missing the crew escape hatch (Figure 13). The damage deflected outwards from 
front to rear direction (Figure 14). The hole found in the crew ramp (Figure 15) is 
approximately 90 x 60 mm, similar in size to the cabin crew seat upright support (Figure 16).
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Figure 13: Damage progression from start of foot ramp to rear edge (arrowed) with laser level 
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Figure 14: Damage of the lower face of the crew ramp splaying outwards

Figure 15: Lower edge crew ramp
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Figure 16: Rear cabin crew seat with the upright supports arrowed

31. There was extensive cracking to the tail boom composite skin at the aft end on the 
RH side (Figure 17), whereas the LH side showed comparatively small skin cracking (Figure 
18). Additional damage identified on the RH side of the tail boom structure (Figure 19) is 
consistent with a deflection from an external component. The witness mark on the horizontal 
stabiliser at approximately 0.85 m from the outboard leading edge is consistent with the 
exposed tail boom bolt located at approximately 0.85 m aft of the RH side damage (Figure 
19). Figure 20 is an Australian Transport Safety Bureau (ATSB) laser-scanned reproduction 
of an MRH-90 that shows the stabiliser path on impact and breakup. 
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Figure 16: Rear cabin crew seat with the upright supports arrowed
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Figure 17: Extensive cracking on the RH-side of the tail boom

Figure 18: Minor damage on the LH-side of the tail boom
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Figure 19: Stabiliser/aft fuselage impact damage

Figure 20: Stabiliser path upon impact and separation
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32. Flight Control Runs. Approximately 60% of the cyclic system was recovered. 
Figure 21 shows the cyclic stick assembly recovered items. The recovered cyclic assemblies 
comprised the majority of the LH cyclic stick system but only RH Cyclic Grip. Damage 
identified on the cyclic and collective flight control runs are consistent with high-energy 
impact damage. There is no evidence of material fatigue on the broken surfaces of the 
recovered components. A significant amount of corrosion was present on the recovered 
components due to salt-water exposure, which was expected.  
 

 
Figure 21: Recovered cyclic and coupler assembly 

33. Figure 22 provides an indication of the recovered portions of the collective system. 
The majority of the RH collective stick and assembly were recovered. Only a portion of 
components of the LH-side collective system were recovered. This includes a portion of the 
Coupler and the LH Collective Stick Grip. Both the pilot stick grips had separated from the 
LH and RH collective control sticks and were recovered with buttons missing.  
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Figure 19: Stabiliser/aft fuselage impact damage

Figure 20: Stabiliser path upon impact and separation
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Figure 22: Recovered Collective System Components 

 
34. Yaw control system. Approximately 90% of the yaw control system was recovered. 
Both the pedal assemblies suffered significant damage (Figure 23). The components were 
deformed and sheared off from the airframe. There was no indication of material fatigue on 
the recovered components. 
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Figure 22: Recovered Collective System Components 
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ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

23

Figure 23: Recovered yaw control components

35. Main rotor system. A majority of the MRGB assembly and sub-assemblies were 
recovered from the seabed (Figure 24). The MRGB suffered significant damage and broke 
away from the main fuselage. Both engines were intact and remained connected to the 
MRGB. Upon recovery, the yellow and red main rotor blades were cut at the root under 
supervision of the ASIT to allow transportation to HMAS Harman.

Figure 24: MRGB and Main Rotor Head (MRH)
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36. All four main rotor blades exhibited significant damage, with the outer sections of 
the blue and black blades experiencing substantial delamination and structural disruption. All 
blade attachment points, with their attachment pins, remained intact and connected to the 
Main Rotor Head (MRH). The blue blade had damage from its root throughout the blade 
structure (Figure 25). The yellow blade (Figure 26) was broken at approximately 0.6 m 
outboard of the attaching pins. Through significant force, the yellow blade broke at the top 
surface and folded downward. The outer section of the black blade separated at the 
approximate location of the taper of the aerofoil section to the blade root.  The trailing edge 
side of the red blade (Figure 27) was significantly damaged. All four Main Rotor Blade De-
Icing Looms remained connected to the head, except the blue loom, which was completely 
detached from the blade socket assembly. 

 
Figure 25: Blue Main Rotor Blade 
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Figure 26: Yellow Main Rotor Blade 
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Figure 27: Red Main Rotor Blade

37. All four main rotor PCRs and four main rotor dampers were attached to the 
recovered MRH. The Black and Blue PCRs exhibited significant damage with bent and 
fractured rods. The Red PCR exhibited no visible deformation and only minor paint damage 
to the top end. The Yellow PCR was significantly bent but still attached. Figure 28 and 
Figure 29 exhibits the recovered PCRs.
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Figure 28: Main Rotor PCR 

  

 
Figure 29: Blue, Black and Red main rotor PCR 
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Figure 27: Red Main Rotor Blade

37. All four main rotor PCRs and four main rotor dampers were attached to the 
recovered MRH. The Black and Blue PCRs exhibited significant damage with bent and 
fractured rods. The Red PCR exhibited no visible deformation and only minor paint damage 
to the top end. The Yellow PCR was significantly bent but still attached. Figure 28 and 
Figure 29 exhibits the recovered PCRs.
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38. The Four main rotor dampers were attached to the MRH structure. The Black and 
Blue Dampers remained intact and had minimal damage. The Red Damper fractured at the 
threaded section near the Red Blade Damper attachment point. There was no other damage 
visible on the Red Damper. The Yellow Damper, detached at the trailing elastomer housing 
which exhibited significant damage and was fractured in two pieces. Figure 30 to 32 show 
the condition of the recovered main rotor dampers. 

 
Figure 30: Yellow Main Rotor Damper assembly 
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Figure 31: Red Main Rotor Damper assembly 
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Figure 30: Yellow Main Rotor Damper assembly 
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Figure 32: Black and Blue Main Rotor Damper assembly 

39. Examination of the SARIB arms (Figure 33 and Figure 34) identified significant 
damage to all four, with the RH-side aft SARIB arm exhibiting the least damage with only 
minor bending and twisting. The RH FWD SARIB arm exhibited significant bending and 
twisting. The LH FWD SARIB arm exhibited significant bending and tearing of the rod 
section of its arm. The LH aft SARIB arm exhibited an axial tensile overload fractured rod 
section.  

 

 
Figure 33: Left-hand Front MRGB SARIB Support Strut 
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Figure 32: Black and Blue Main Rotor Damper assembly 

39. Examination of the SARIB arms (Figure 33 and Figure 34) identified significant 
damage to all four, with the RH-side aft SARIB arm exhibiting the least damage with only 
minor bending and twisting. The RH FWD SARIB arm exhibited significant bending and 
twisting. The LH FWD SARIB arm exhibited significant bending and tearing of the rod 
section of its arm. The LH aft SARIB arm exhibited an axial tensile overload fractured rod 
section.  

 

 
Figure 33: Left-hand Front MRGB SARIB Support Strut 
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Figure 34: Right-hand Front SARIB Support Strut 

40. The LH-side Input Module Gearbox was separated after recovery from the MRGB 
(Figure 35). Examination of the LH-side MRGB input module housing identified two areas 
of damage. Paint damage was present at a joint in the housing (yellow arrow), consistent with 
a torsion/twisting force. There is evidence of a hole on the FWD side of the housing where a 
section of the housing was forced inwards (red arrow).  
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Figure 35: LH-side Main Gearbox Input Module housing

41. The RH-side Input Module Gearbox (Figure 36) was partially separated from the 
MRGB (red arrow), with cracking indicating the input module twisted forward and in a 
counter-clockwise direction relative to the MRGB. There was evidence of paint cracking at 
the same joint in the RH MRGB Input Module housing which was significantly less than the 
LH side. The RH engine to main gearbox shaft was found sheared in the outer housing Figure 
37. 
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Figure 36: RH-side MRGB Input Module
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Figure 37: Engine to Main Gearbox shaft 
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Figure 37: Engine to Main Gearbox shaft 
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42. Tail section. The tail section was recovered from the seabed with TRGB and tail 
rotor blades attached. The tail section separated from the tail pylon and aft fuselage (Figure 
38) at the weakest point of the structure, as stated in the AAP inspection report (Reference F). 
The damage on the tail rotor was consistent with impact damage. Upon detailed visual 
inspection, there was no indication of material fatigue or mechanical damage on the tail 
section.

Figure 38: Recovered tail section

43. The entire TRDS was recovered in three sections. The largest section was still 
attached and contained within the fuselage/tail pylon section, the FWD drive shaft section 
between the aft fuselage and MRGB (Figure 39), and the IGB input spline (Figure 40). The 
majority of the recovered tail rotor assembly was intact from the IGB to the tail rotor head. 

Figure 39: FWD Tail Rotor Drive Shaft (TRDS) section
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Figure 40: Intermediate Gearbox (IGB) Input Spline

44. The Tail Rotor Spline, which drives the tail rotor system from the MRGB was 
undamaged and intact. The attaching No. 1 TRDS Input Spline had spiralling damage around 
the circumference of the matching spline (Figure 41). The No. 1 TRDS sustained damage 
including a gouge mark aft of the O-ring recess at the FWD end (Figure 42). The O-ring was 
dislodged and partially sitting within the gouged area (red arrow). The shaft had 
circumferential scoring (black marks and paint scoring) to the FWD half of the shaft. The 
mid-alignment bracket was sitting loose on the shaft, having dislodged from the centre area 
(Figure 43). 
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Figure 41: MRGB Tail Rotor Spline and No. 1 TRDS Input Spline

Figure 42: No. 1 TRDS FWD Spline end damage

Figure 43: No. 1 TRDS

45. The aft end connecting links of the No. 1 TRDS, fractured by overloading and 
bending at the midpoint, but remained attached to the drive shaft. The intermediate portion
between the attachment bolts was missing, later found attached to the next connecting drive 
shaft in line, Figure 44. There were witness marks on all four quadrants of the shaft
attachment points on both ends of the shaft, in addition to the attaching connecting links. The 
marks across the shafts indicate a significant compressive force on the tail rotor drive. 

ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

36

Figure 40: Intermediate Gearbox (IGB) Input Spline

44. The Tail Rotor Spline, which drives the tail rotor system from the MRGB was 
undamaged and intact. The attaching No. 1 TRDS Input Spline had spiralling damage around 
the circumference of the matching spline (Figure 41). The No. 1 TRDS sustained damage 
including a gouge mark aft of the O-ring recess at the FWD end (Figure 42). The O-ring was 
dislodged and partially sitting within the gouged area (red arrow). The shaft had 
circumferential scoring (black marks and paint scoring) to the FWD half of the shaft. The 
mid-alignment bracket was sitting loose on the shaft, having dislodged from the centre area 
(Figure 43). 

ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

OFFICIAL OFFICIAL

OFFICIAL 45DFSB REPORT ENCLOSURE : 2



38 

 
Figure 44: No. 1 TRDS attachment hardware damage 

46. The TRDS section through the tail boom was intact and contained within the aft 
fuselage (Figure 45). The FWD end of No. 2 TRDS exhibited similar witness-mark damage 
as No. 1 TRDS at the aft end and connecting link as shown in Figure 44.  
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48. The rear shaft into the IGB exhibited similar damage on the shaft ends to those found 
on all other shafts (Figure 47). The flexible coupling assemblies had fractured due to 
overloading, with matching fractures at both ends of the two shafts and spline portions. The 
IGB and shaft splines were undamaged, however, there was gouging on the upper FWD face 
near the spline area.  

 
Figure 47: TRDS into IGB 
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49. Examination of the tail rotor assembly identified significant damage to the top and 
leading edge of the yellow blade (Figure 48) with delamination/cracking of the leading edge 
and the blade root. Blade root damage was caused by contact with the rotor blade bracket and 
fractured bracket bolts. Examination of the Blue Tail Rotor Blade identified minor 
indentations on the blade tip and a fracture of the blade near the blade root (without complete 
separation) (Figure 49) resulting in the blade folding over on itself.

50. The Black Tail Rotor Blade did not exhibit denting or other significant damage to the 
blade leading edge or tip, whereas the Red Tail Rotor Blade exhibited significant scraping, 
paint damage and chipping to the outer surface near the blade tip, Figure 50. There was 
minimal damage on the lead-lag dampers, brackets and bolts on the tail rotor assembly with 
the exception of the Yellow Blade Bracket bolts described above.

Figure 48: Yellow Tail Rotor Blade

Figure 49: Blue Tail Rotor Blade bent in half
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Figure 50: Red Tail Rotor Blade tip
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Figure 50: Red Tail Rotor Blade tip
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51. Engines. The engine assembly was found attached to the main rotor assembly, and 
recovered on board the ship where the ASIT conducted initial inspections (Figure 51). The 
recovered engines showed no evidence of engine fire. The engine and main rotor assembly 
structure sustained impact damage and had broken away from the front and rear assembly 
structures. The engine cowlings remained latched to the structure and the cowling skin 
contained minor instantaneous damage (cracks and broken structure) from impact forces.

Figure 51: Recovered top structure containing engines

52. Once the engine cowlings were removed, both engines were found inside their 
compartments with minor damage to the engine accessories (Figure 52). Both engines were 
removed from the main structure and transported to HMAS Harman where ASIT and DSTG 
members conducted further detailed inspections and borescope examinations. 

Figure 52: No1 Engine (left) and No. 2 Engine (right)
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57. Air Speed Indicator (ASI). The recovered ASI showed an airspeed of 
approximately 125 knots (kts) at impact (Figure 59). The information from the recovered ASI 
broadly aligned with airspeed data downloaded from the CSMU. The CSMU’s last valid data 
point was taken 1 to 2 seconds prior to impact and indicated the speed as 135 Knots Indicated 
Air Speed (KIAS). 

Figure 59: Recovered analogue ASI
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58. Artificial horizon. The recovered Standby Artificial Horizon (Figure 60) indicated 
an apparent aircraft attitude of approximately 30° nose down and approximately 120° of angle 
of bank to the left. However, this did not match data from the CSMU. DSTG-CR-2024-0011 
(Reference E) describes the tear down and examination of the artificial horizon. DSTG found 
the instrument was indicating a 20° nose down pitch attitude and that roll attitude was 
indeterminate at impact.

Figure 60: Recovered Standby Artificial Horizon
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Flight data 

59. The ASIT requested DSTG, AAP and NHI conduct independent reviews of aircraft 
flight data downloaded from the CSMU. Comparison of the ASIT’s analysis of VFDR data 
with the independent reports provided by DSTG, AAP and NHI concluded that there was no 
evidence of abnormalities or failures of the airframe or aircraft major systems throughout the 
flight and the key sequence of events prior to impact with water. Pilot control inputs were 
correctly interpreted by the FCS and the aircraft responded accordingly.  

60. Full details of the AAP, NHI, and DSTG reports, including analysis, are contained in 
References D, E, and F. Key data from those reports indicate the following aircraft 
performance and operation: 

a. Control inputs show that the helicopter was flown manually.  

b. The helicopter responded to control inputs throughout the entire flight. 

c. An indicated airspeed of 135 KIAS during the last 1 to 2 seconds before impact.  

d. In the last 6 seconds, the aircraft decreased its pitch attitude up to 28o nose down.  

e. The longitudinal and lateral accelerations remained within normal range during the 
entire flight before impact.  

f. Oil temperature and pressure of the MRGB and the Remote Accessory Gearbox were 
within limits. There were no warnings associated with these systems during the entire 
flight. 

g. Hydraulic pressures were within limits with no warnings activated during the entire 
flight.  

h. Fuel quantity did not show any abnormal indication. The fuel flow provided to the 
engines was consistent with the engine data.  

i. Engine parameters were within limits and both engines operated within the expected 
performance margins. The engines were both matched for Torque (TQ) and Power 
(Np) outputs and responded correctly to the pilot’s control inputs. Each engine’s free 
power turbine (NF) demonstrated expected synchronisation with the main rotor 
system.  

j. At 12:36:22.5, the aircraft experienced a vertical acceleration of zero G and both 
engines recorded a brief low oil pressure warning due to the oil sensors detecting a 
low pressure due to the reduced G. The engines recovered to normal operating oil 
pressure immediately with the onset of positive G.  

k. At the last data point 12:36:26.00, the collective was raised in one second from 
17.8% to 56.1%. This led to a torque increase from 500 to 620 Nm (mean of LH and 
RH engines) and a rotor speed (Nr) decrease from 96.4% to 94.8%, triggering the 
low rotor RPM indication (Nr < 95%).  
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58. Artificial horizon. The recovered Standby Artificial Horizon (Figure 60) indicated 
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of bank to the left. However, this did not match data from the CSMU. DSTG-CR-2024-0011 
(Reference E) describes the tear down and examination of the artificial horizon. DSTG found 
the instrument was indicating a 20° nose down pitch attitude and that roll attitude was 
indeterminate at impact.
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TECHNICAL ANALYSIS 

Airframe attitude at impact 

61. Aircraft structure. Examination of the wreckage did not indicate any pre-existing 
damage to the aircraft before the flight or damage that occurred before to its impact with the 
water. Data recovered from the VFDR supports evidence that the aircraft was serviceable 
prior to impact. The speed and attitude derived from flight data was similar to that shown on 
the analogue ASI and the standby artificial horizon pitch attitude at impact. The presence of 
cockpit instruments in the tail section, and the rearward movement of a main cabin crew seat 
to the crew escape hatch in the rear fuselage, supports assessments, that the aircraft impacted 
the water at high speed (125 135kts) with a nose down attitude (0 20° degree).  

62. Due to the high-speed impact, it is very likely the forward part of the fuselage, 
including the cockpit, fragmented, as the aft fuselage continued on the flight path into the 
cockpit debris. The rear fuselage broke away from the main structure forward of Frame 11. 
The force of water impact from the nose-low impact attitude induced a compressive load to 
the tail section causing it to break away from the rear fuselage and tail pylon aft of Frame 14.  

63. Impact angle. Based on VFDR data, the aircraft impacted the water on the left-hand 
side of the airframe in a nose-low attitude. DSTG (DSTG-CR-2024-0011) at Reference E 
concluded from damage to main rotor blades, PCRs, and the artificial horizon, the aircraft’s 
attitude at impact was approximately 20° nose low rolling to the left. Other indications of a 
nose low with left roll impact are greater damage on the LH Engine accessories, including 
deformed components and corroded accessory gearbox. This analysis supports the FDR data 
that indicated a lateral cyclic displacement of -35% to the left in the last seconds before 
impact.  

Main rotor assembly (head speed (Nr)) at impact 

64. Rotor head speed. Analysis of rotor components indicate that the rotors were 
turning at high speed upon impact. The various degrees of damage on the main rotor blades 
and dampers indicate that there were significantly different speeds and loads on each blade at 
impact. Black rotational witness marks on the forward aft TRDS section also indicates that 
the rotors (and shaft) were turning at impact. The SARIB arms exhibited damage consistent 
with a tensile load on the LH-side forward gearbox mount, compressive loading on the RH-
side forward mount and twisting on the RH-side aft mount. This suggests a significant 
clockwise movement (Figure 61) of the MRGB relative to the fuselage, which was very 
likely caused by the rotor blades being forcibly stopped while the engines were still providing 
power.  
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Figure 61: Damage to the SARIB with likely direction of movement

65. Engine operating. The evidence of the main rotor turning and rotational witness 
marks on the aft TRDS, (Figure 41), suggested the engines were operating and powering the 
rotors until impact. The shear damage on the engine to main gearbox shaft, (Figure 37)
indicates a sudden stoppage during high-speed rotation.

66. Despite impacting the water at high speed, the damage to the engines is localised to 
the first-stage compressor blades due to the position of the engines and the protection 
provided by the engine cowling. The salt deposited in the first- and second-stage compressors 
indicates the engines were rotating and ingested water, which resulted in the engines flaming
out. This also confirms the engines were operating at impact. The flight data confirmed the 
engine parameters were within the normal range of operation until the last data point, when a 
low rotor RPM indication was triggered just prior to impact.

Aircraft control input

67. Flight Control System (FCS). Approximately 65% of the collective and cyclic 
systems were recovered; therefore, it was not possible to reconstruct the complete system. The 
yaw control system sustained significant damage to all components. The shearing or 
deformation damage was consistent with the characteristics of a high-energy impact. Analysis 
of VFDR flight data confirmed there were no abnormalities associated with the operation of 
the FCS.

68. Control input versus output. The DSTG report states that the final position of the 
swashplate actuators indicate the pilot control inputs of pulling up and rolling to the left. 
However, it is not possible to confirm accurately whether these particular inputs had an effect 
on the position of the actuators. The flight data indicated the aircraft responded appropriately 
to pilot control inputs during the entire flight.
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69. Attitude (ATT) versus Tactical Mode (TAC). Apart from the differences in 
trimming function between ATT and TAC Mode, there is no difference in mechanical 
controllability of the aircraft in either mode. As a fly-by-wire aircraft, AAP states in their 
report (Reference I) that the time lag from Intermediate Transmission Unit to actuators is less 
than 45 milliseconds. From a piloting point of view, this time lag has no effect on the 
intended trajectory of the aircraft; therefore, the aircraft’s response was timely and correct to 
all pilot control inputs.  
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CONCLUSION 

70. This technical report details the analysis of A40-040’s wreckage and VFDR data to 
determine the status of the aircraft’s major systems including engines, gearboxes, main and 
tail rotor transmissions, and flight control systems throughout the flight and at impact. The 
technical investigation also analysed the aircraft’s attitude at impact as a means of comparison 
with VFDR data and input into the Operational LOE. DFSB sought independent analysis and 
reports from DSTG, AAP and NHI as a means to validate and verify the conclusions and 
findings of the Technical LOE. 

71. Examination of the wreckage did not indicate any pre-existing airframe or major 
system damage or malfunction throughout the flight or prior to impact. Analysis of VFDR 
data and damage to main rotor blades, gearboxes, transmissions and engines indicates that all 
major aircraft systems were operating and serviceable at impact. There was no evidence to 
suggest any anomalies of the FCS between pilot control input and aircraft flight control output 
during the flight. 

72. Analysis of the wreckage and VFDR data indicates the aircraft impacted the water at 
approximately 130 KIAS and 20° nose down in a left-hand angle of bank, with pilot cyclic 
control inputs commanding a pull up and roll to the left. Of note, the Preliminary Report 
indicated that the aircraft may have impacted the water in a right-hand angle of bank. 
However, the ASIT has since determined the last record of aircraft attitude sampled by the 
CSMU was more than likely just prior to impact while the aircraft was rolling to the left, 
which explains the discrepancy. 

73. Through thorough analysis within the scope of the investigation, the ASIT could not 
find evidence that the aircraft was unserviceable prior to impact.  
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69. Attitude (ATT) versus Tactical Mode (TAC). Apart from the differences in 
trimming function between ATT and TAC Mode, there is no difference in mechanical 
controllability of the aircraft in either mode. As a fly-by-wire aircraft, AAP states in their 
report (Reference I) that the time lag from Intermediate Transmission Unit to actuators is less 
than 45 milliseconds. From a piloting point of view, this time lag has no effect on the 
intended trajectory of the aircraft; therefore, the aircraft’s response was timely and correct to 
all pilot control inputs.  
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Accident – DSTG Assessment of Recovered Wreckage at HMAS Harman, of May 24 
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( )

F. AAP – A40-ER-004376 Rev A A40-040 Aircraft Data Analysis, of Sep 23
( )

G. Defence Science and Technology Group – MRH90 A40-040 Collision with Terrain 28 
July 2023- DSTG Preliminary Review of Flight Data, of Sep 23 ( )
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Accident, of 28 July 2023 ( )

I. Defence Science and Technology Group – DSTG-CR-2024-0020 – MRH-90 A40-040 
Survivability Report, of Oct 24 ( )

ENCLOSURE 2 TO 
BP44206784

OFFICIAL

OFFICIAL

OFFICIAL

OFFICIAL62 DFSB REPORT ENCLOSURE : 2



54 

References: 
A. ASR DEFEV2371190 – BSMN83 Collision with Terrain
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Minute
DPN Objective Reference: 

Deputy Director – Investigation-In-Charge, DFSB

For information:
Dr Greg Bain, Acting Chief Platforms Division, DSTG
Dr Ninh Duong, Chief Maritime Division, DSTG
Mr Nicolas Athiniotis, Forensics Team Principal, DSTG

MRH90 A40-040 COLLISION WITH TERRAIN 28 JULY 2023 - DSTG PRELIMINARY REVIEW OF FLIGHT 
DATA

References:
A.  DFSB Minute: Request for DSTG assistance in support of DFSB Aviation Safety

Investigation into MRH-90 A40-040 Collision With Terrain 28 July 2023.
B. A40-029 Parameter Listing.csv
C. A40-006 Parameter Listing.csv
D. A40-040 Parameter Listing.csv
E. A40-008 Parameter Listing#1.csv

1. DSTG was requested by DFSB to carry out a forensic examination of the data downloaded
from MRH90 A40-040’s Voice and Flight Data Recorder (VFDR) to enable a comparison with DFSB’s
initial data analysis and provide the forensic level detail required to complete the investigation [A].

2. DSTG has created a preliminary replay of the four MRH90 helicopters involved in the
accident flight, utilising the CSV datasets provided by DFSB (B, C. D and E). Note that the CSV file
format is a reduced set of data channels that exists on the binary flight data recording format
available on the MRH90 aircraft. Numerous fault codes, flight control system parameters and engine
and drive train monitoring parameters have not been provided in the CSV file and therefore have not
been analysed by DSTG at this stage.

3. DSTG has analysed, in particular, the flight of the accident aircraft up to the time it impacts
the water near Hamilton Island. A timeline is provided in the Enclosure. Key points of the timeline
are:

a. Aircraft A40-040 was Aircraft 3 of the four aircraft formation, and appears to fly and
respond normally to pilot inputs up to approximately 55 seconds before impacting the
water.

b. From approximately 55 seconds before impact with the water, the flight data indicates the
aircraft has a lateral acceleration and begins to drift to the right during a turn to the left.
There is pilot input of pedal that is noticeably different to the other aircraft in the formation
which continues almost until the end of the flight. The flight path of A40-040 shows that it
began to deviate from its lateral position in the formation and may indicate a difficulty in
maintaining lateral station/location in the formation. After the turn is complete, A40-040
performs a moderate climb above the formation, with a corresponding increasing airspeed
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before significant banking and pitching motions occur. From there, the aircraft then rapidly 
descends and impacts the water. The flight data suggests the pilot(s) had control of the 
aircraft with it responding to inputs to throttle, collective and cyclic pitch and roll until 
impact. The pilot’s ability to fully control motion of the yaw axis with the pedals, and the 
aircraft’s ability to respond exactly or appropriately in yaw is yet to be determined. 

c. At approximately 17 seconds before impact with the water, when the aircraft climbs out of 
formation, it climbs approximately 150 ft. above Aircraft 1 and 2. There follows the cyclic 
lateral inputs resulting in the aircraft rolling left and right, followed by increasing airspeed 
with increasing collective and forward cyclic (pitch down) inputs. These manoeuvres may 
possibility relate to the pilot attempting to determine relative proximity to Aircraft 1 and 
Aircraft 2 in front, but could be explained by other reasons. Importantly during this time, 
A40-040 is gradually closing the separating distance with Aircraft 1 and Aircraft 2 at the 
front of the formation.   

d. At Universal Time Coordinated (UTC) 12:36:25, A40-040 impacts the water with 
considerable airspeed, likely to be greater than 130 knots indicated airspeed, and with an 
increasing and very high descent rate, greater than 5000 ft/minute just prior to impact. The 
aircraft impacts the water with greater than 20 degrees pitch down, a bank angle of 30 
degrees (right) and considerable lateral acceleration indicating the presence of sideslip. The 
last data recording shows a significant forward input on the cyclic despite there being 
significant forward speed and a very high vertical speed downwards. The engines are 
operating under high torque and collective at the time of impact. Just prior to impact with 
the water and during the descent, Aircraft 3 is momentarily abeam Aircraft 2, and passes at 
a distance estimated by DSTG as 90 ft. laterally.   

4. Although the aircraft appears to be responding appropriately to pilot inputs at least on the 
collective, throttle, cyclic forward, back, left and right, the increasing speed well above that of the 
rest of the formation, as well as the considerable control inputs in roll and pitch prior to the impact 
with the water suggest several potential lines of enquiry which include but are not limited to: 

a. Significant loss of situational awareness, i.e. impairment of the pilots’ ability to 
comprehend the position of other aircraft in the formation, the aircraft’s speed and vertical 
descent rate, as well as its longitudinal and lateral attitude prior to impact with the water.  

b. Significant pilot distraction due perceived or real events in the cockpit or occurring to the 
aircraft, such as warnings and cautions or due to mechanical or other system failures   

c. An inability of the pilot or the aircraft to respond to the changing flight conditions 
appropriately or as intended.   

Please feel free to make contact to discuss any aspects detailed herein, 

Regards, 

Mr Michael Grant 

Senior Researcher Platform Systems, DSTG 
506 Lorimer Street Port Melbourne, Victoria 3207 

 
 

06/09/2023 

Grant, Michael
Digitally signed by Grant, 
Michael 
Date: 2023.09.06 18:44:11 
+10'00'
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Enclosure: 
Timeline of flight of MRH90 A40-040 aircraft on 28/07/2023 
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Enclosure 

Timeline of flight of MRH90 A40-040 on 28/07/2023 

Note all times are in Universal Time Coordinated (UTC), which is +10 hours Australian Eastern 
Standard Time (AEST). 

First Valid Time Step on the CSV file is 9:54:22 UTC. 

Aircraft 3 is operating on the ground with engine running, however no noticeable change of position, 
i.e., latitude, longitude, or altitude recorded. 

At 11.45:40 weight on-wheels indication turns false; Aircraft 3 begins to hover at 30-35 ft.  

At 11:47:37 weight on-wheels indication turns true, Aircraft 3 still in same latitude and longitude 
location, but is now back on the ground. 

Between 11:47:37 and 11:52:25 Aircraft 3 remains on the ground and is at one point refueled on the 
ground while the engine remains running. 

At 11:52:25 weight on-wheels indication turns false; Aircraft 3 begins a hover again at an altitude of 
30-50 ft. 

At 11:54:07 weight on-wheels indication turns true, Aircraft 3 still in same latitude and longitude 
location and on the ground with engines running. 

At 12:14:12 weight on-wheels indication turns false; Aircraft 3 takes off and begins the accident 
flight. 

Aircraft 3 climbs and then cruises in formation with another three MRH90 aircraft at low altitude 
(<500ft) to an area near Hamilton Island and Lindeman Island and begins to perform a racetrack 
pattern.  

Indications of Aircraft 3 appear normal for most of the flight. It may or may not be noteworthy, but 
some indications appear true continuously throughout all of the accident flight and have been 
observed on other aircraft in the flight. The indications are  

Hydraulic Pump 2 Pressure Low (A) 

Hydraulic Pump 1 Pressure Low (A) 

Hydraulic Elec Pump Temp high (A) 

Landing Gear Pressure low 1 

The significance of these warnings has not been assessed at this point. 

First noteworthy occurrence is at 12:35:30, or about 55 seconds before the last quality data point 
captured on the CSV file which is assumed to be the approximate time of accident. There is an abrupt 
change in the pedal input. It occurs at or just prior to the beginning of the second turn of the 
racetrack pattern. It is significant because of the noticeable difference to the amount of pedal input 
when compared to the other aircraft at this time and is also a noticeably different pedal input to the 
accident aircraft’s first turn of the racetrack. It is also significant as the pedal input is not transient 
and is present and distinctly different to the other three aircraft for nearly the entire period until 
Aircraft 3 impacts the water.  Only three seconds prior to impact with the water does the rudder 
pedal input for Aircraft 3 return to similarity with the other aircraft in the formation, however by 
then Aircraft 3 has considerable pitch and is descending towards the water at 2000-3000 ft/min.  
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Figure 1 shows the pedal input as recorded for all four aircraft for the entire flight up to the time 
Aircraft 3 is assumed to impact the water.  

 
Figure 1 - Pedal Inputs of all MRH90 aircraft in the Formation on 28/07/2023. Aircraft 3 is in cyan and the white vertical 
trace marks the beginning of abrupt pedal input. 

There is a need to define the pedal input as recorded as either being pilot only input or pilot input 
plus some contribution from the trim or other augmentation by systems associated with the 
aircraft’s flight control system. However different pedal input is used and becomes more significantly 
different relative to the other aircraft in the formation, up until just prior to impact when the pedal 
becomes more in line with that of the other aircraft. 

At this time of 12:35:30 there is a peak response of yaw rate and the pedal input to the actuation 
control channel , in response to the increased pedal. This means that the aircraft is responding 
to the pedal input and which may result in the aircraft taking up a sideslip and having a lateral 
acceleration (This require further analysis). The lateral acceleration is present and increasing up to 
the time of the accident and is different to that of the other aircraft in the formation. This indicates 
sideslip was present up to the time Aircraft 3 impacts the water. 

At 12:35:36 the aircraft are continuing their second turn of the racetrack and Aircraft 3 appears to 
either be no longer able to maintain the same position it has held for nearly all the flight or 
alternatively this may possibly be a commanded or intentional change by the pilot(s) of Aircraft 3.  
The position of Aircraft 3 in the formation hitherto, was relatively in longitudinal alignment with the 
lead aircraft (Aircraft 1), albeit slightly left of the lead aircraft’s flight path.  Aircraft 3’s position 
relative to the rest of the formation is best shown in the image below, Figure 2, which is a ground 
map view of the formation’s flight path. Aircraft 3 (in cyan) has for nearly all the flight has been 
behind and to the left of Aircraft 1 (Green) and considerably more left of Aircraft 2 (Blue). Aircraft 4 
(Yellow) is on the far left side of the entire formation. 
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Figure 2 - Flight path over the ground plane of all aircraft in the formation on 28/07/2023.  

 
Figure 3 - Close up of flight path over ground plane of all aircraft in the formation on 28/07/2023. Note Aircraft 3’s flight 
path (in Cyan) begins to drift right in the second turn of the racetrack. The drift continues throughout the turn such that both 
Aircraft 3’s flightpath, which for most of the flight has remained to the left of both Aircraft 1 and 2’s flight path, will 
eventually be off to the right of Aircraft 1 and Aircraft 2’s flight path. Aircraft 3 is the only aircraft to break with the 
formation for the entire flight up until the time it impacts the water.   

In Figure 3, it can be seen that during the second turn Aircraft 3 crosses Aircraft 1’s flight path from 
behind and from left to right, such that it is now following Aircraft 1’s flight path during the turn. 
Aircraft 3 is using less bank angle than the Aircraft 1 and Aircraft 2 in the turn.  Aircraft 3 maintains 
the noticeable difference in pedal and lateral acceleration previously mentioned indicating the 
presence of sideslip in the turn.  
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At 12:36:08, Aircraft 1 and Aircraft 2 have completed turn 2 of the racetrack and Aircraft 3 is also just 
completing the turn. With a change in collective, Aircraft 3 begins to climb out of the formation. This 
may have been a commanded climb by the pilot(s) of Aircraft 3 in order to maintain safe separation 
from Aircraft 2 or for some other reason. One possible scenario here is that due to the sideslip of 
Aircraft 3 and its effect of a reduced bank angle in the turn, Aircraft 2 with more bank angle and 
tightening its turn due to a momentary speed increase, is perceived as being on a convergent course 
by the pilot(s) of Aircraft 3. Aircraft 2 has momentarily increased speed at this time, relative to the 
rest of the formation, and its flight path is seen crossing in front of Aircraft 3 just prior to the 
initiation of the climb, see Figure 4.  Note Aircraft 3’s slight drift or change of position in the 
formation towards the outside of the second turn in the racetrack may have all contributed to a 
perception of the pilot(s) of Aircraft 3 that Aircraft 2 was sufficiently close as to warrant some evasive 
action. However there are also many alternate possibilities to explain the climb at this time which 
could include the pilot responding to some other event or issue in or outside the cockpit. Note that 
the separation distance between Aircraft 2 and Aircraft 3 has typically been 300-400 ft. during the 
racetrack. At the time of Aircraft 3 initiating the climb, separation is 350 ft. between the two aircraft, 
suggesting a possible perception by the pilot(s) of Aircraft 3 rather than an actual reduction in safe 
separation between the aircraft, may have been the reason for Aircraft 3’s climb.  

 
Figure 4 - Time 12:36:08 just prior to when Aircraft begins a climb out of formation 

At 12:36:13, Aircraft 1, 2 and 3 have now completed turn 2 of the racetrack.  Aircraft 3 is now above 
the formation at a radar altitude of 306 ft., about 100 ft. above the rest of the formation. Separation 
between Aircraft 2 and Aircraft 3 is 350 ft. Figure 5 shows image of the first three aircraft at this time.  
Note between 12:36:13 and 12:36:19, the pilot(s) roll first left 30 degrees and then right 45 degrees, 
a possible scenario is that this is an attempt to identify the locations of the first two aircraft in the 
formation again to ensure safe separation, prior to an attempt to descend and re-enter the 
formation. However, there are also many alternate possibilities to explain the behavior, e.g. a check 
of controls or control responsiveness. 
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Figure 5 - Formation at time 12:36:13 

At 12:36:15, Aircraft 3 is at a radar altitude of 332 ft., while all other aircraft in the formation remain 
at approximately 200 ft. altitude. Aircraft 3 begins to level out of the climb but is also considerably 
higher in airspeed with 92 knots indicated. This is in comparison to Aircraft 1 and Aircraft 2 which are 
cruising in straight line at approximately 80 knots. The increase in the airspeed of Aircraft 3 is likely 
the result of the collective and torque remaining high despite Aircraft 3 levelling out. Separation 
between Aircraft 2 and Aircraft 3 is 360 ft. Figure 6 shows image of the first three aircraft of the 
formation at this time.   

 
Figure 6 - Formation at time 12:36:15 
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At 12:36:16, Aircraft 3 rolls back and is momentarily straight and level at 94 knots indicated and 342 
radar altitude. The aircraft then rolls to 20 degrees right, airspeed is increasing, sideslip is still to the 
left. Cyclic is forward and collective and torque are high which explains why airspeed is still 
increasing.  Separation between Aircraft 2 and Aircraft 3 is 330 ft. and reducing. 

At 12:36:17, Aircraft 3 is almost 30 degrees right roll, speed is now above 100 knots indicated and 
altitude is approximately 350 ft.  Separation between Aircraft 2 and Aircraft 3 is 317 ft. See Figure 7. 

 

 
Figure 7 - Formation at time 12:36:17 

At 12:36:19, Aircraft 3’s flight path has crossed over Aircraft 2. Separation between Aircraft 2 and 
Aircraft 3 is now 272 ft.  Aircraft 2’s radar altitude is 218 ft. while Aircraft 3 is at 356 ft. radar altitude. 
Relative to Aircraft 2, Aircraft 3 has considerably more collective and torque, resulting in Aircraft 2 
now having an airspeed of 111 knots indicated, while Aircraft 2 is still at typical formation speed of 
74 knots indicated.  Aircraft 3 although 150 ft. above Aircraft 2 is approaching from the rear.  See 
Figure 8. 
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Figure 8 - Formation at time 12:36:19 

At 12:36:20 the Aircraft is straight and level momentarily at 350 ft. radar altitude and at 107 knots 
indicated airspeed. Aircraft 3 is drifting to right of formation and Aircraft 3’s flight path is now right of 
Aircraft 2’s flight path.  Aircraft 3’s collective and torque remains high but pedal is more centered. 
Pitch which has been somewhat constant between 4-6 degrees down is now 10 degrees down due to 
maximum forward cyclic input from the pilot. Aircraft 3 begins to descend at rate of 500 ft/minute. 
Separation between Aircraft 2 and Aircraft 3 is now 234 ft.   See Figure 9. 

 
Figure 9 - Formation at time 12:36:20 
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At 12:36:21 the nose of Aircraft 3 pitches down 17 degrees, cyclic is near fully forward suggesting 
pitch down is responding to pilot input to pitch down. The angle of bank is 10 degrees right, speed is 
increasing to 115 knots indicated. Note collective is high. Aircraft is at 344 feet radar altitude but 
vertical speed down is now increasing from 780-1700 ft/minute.  Cyclic is almost fully forward. 
Separation between Aircraft 2 and Aircraft 3 is now 195 ft.   See Figure 10. 

 
Figure 10 - Formation at time 12:36:21 

At 12:36:22 the angle of bank is temporarily greater than 45 degrees right, Aircraft 3 is pitching down 
at over 25 degrees, the collective is high, and airspeed is 129 knots indicated, radar altitude is 331 ft.   
Separation between Aircraft 2 and Aircraft 3 is now 158 ft.   See Figure 11. 
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Figure 11 - Formation at time 12:36:22 

At 12:36:23 the angle of bank is 41-43 degrees right, pitch is still 25 degrees down, the collective is 
high, airspeed is 126 knots indicated, radar altitude is 290 ft. Just prior to this time, the cyclic is only 
momentarily moved back almost to the centre, however it is then moved full forward again. Master 
Red Control Light activated at 12:36:23 and remains on till end of recording.  Separation between 
Aircraft 2 and Aircraft 3 is now 115 ft.   See Figure 12. 

 
Figure 12 - Formation at time 12:36:23 

At 12:36:24 Aircraft 3 is in descent passing through the altitude at which the rest of the formation is 
or approximately 200 ft. radar altitude.  Aircraft 3 due to its significantly higher speed over the past 
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10 seconds is now almost abeam Aircraft 2. The miss distance between Aircraft 2 and Aircraft 3 is 
estimated by DSTG at this time to be approximately 90 ft. Aircraft 3 is at 137 knots indicated 
airspeed, has vertical speed of approximately 4,500 ft/min. Aircraft 3 is pitching 20 degrees down 
and bank angle is 45 degrees to the right.  See Figure 13. 

 
Figure 13 - Formation at time 12:36:24 

Last quality data point of the CSV data is 12:36:25, 134 KIAS, vertical Speed 5,197 ft/min (down) 
Radar Altitude 157 ft. Pitch 23 degrees down, roll 31 degrees right.  Within the next one second, 
Aircraft 3 impacts the water and flight data begins to corrupt, making any further analysis difficult.  
Figure 14 below is the last frame from DSTG’s replay of the accident flight. 

 
Figure 14 –Last quality data point from Aircraft CSV data. Time is almost 12:36:25. 
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Minute
DPN Objective Reference: 

Deputy Director – Investigation, DFSB

For information:
Dr Greg Bain, Acting Chief Platforms Division, DSTG
Dr Ninh Duong, Chief Maritime Division, DSTG
Mr Nicholas Athiniotis, Forensics Team Principal, DSTG

MRH90 A40-040 COLLISION WITH TERRAIN 28 JULY 2023 – MISS DISTANCE CALCULATION FROM 
DSTG PRELIMINARY REVIEW OF FLIGHT DATA 

References:
A. DSTG Minute – MRH A40-040 COLLISION WITH TERRAIN 28 JULY 2023 – DSTG

PRELIMINARY REVIEW OF FLIGHT DATA
B. Email: A40-ER-004376 rev A –MRH040 data analysis, dated 7 September 2023

1. In [A], DSTG provided an analysis of the flight data of four MRH90 aircraft involved in the
accident flight on 28th July 2023, near Hamilton Island and Lindeman Island in the Whitsundays. In
order to support the analysis, DSTG utilised its graphical replay software to animate the flight of the
formation using aircraft digital flight data recorder (DFDR) information. In addition, the replay
software was used to estimate the separation or miss distance between all aircraft in the formation.
Just prior to its impact with the water, Aircraft 3 of the formation passed Aircraft 2 in a rapid descent,
passing abeam on a near-parallel course. DSTG estimated that the separation distance between
Aircraft 2 and Aircraft 3 at this time was approximately 90 feet [A] which was an estimate of the
closest part, or component, of each aircraft to the other. Subsequently, DFSB, in [B] requested DSTG
to provide the tolerance of the estimated separation distance quoted in [A].

2. DSTG analysis in [A] was based on a CSV data file which is a subset of the data recorded by
the MRH90 DFDR. Given that there is only one source of time provided in the CSV format, and the
synchronisation of this time or otherwise between Aircraft 2 and Aircraft 3 is an unknown, the
estimate and associated tolerance of the separation distance has been revised to a range of between
82 feet and 147 feet. Importantly, the revised separation distance estimate(s) is now the difference
between the GPS locations of Aircraft 2 and Aircraft 3 and does not include any elements of the
aircraft geometry which would reduce the separation distance further. This has been done due to the
complexities of integrating separately sourced geometric 3D models with DFDR data, in DSTG’s
graphical replay software.

3. Further analysis in the enclosure provides indicative separation distances between another
aircraft pair in the formation. The purpose for inclusion is to provide a qualitative baseline for
minimum separation distances observed during the flight. It suggests that the lower bound
separation distance of 82 feet between Aircraft 3 and Aircraft 2 just prior to the accident was not
significantly less than the lowest recorded separation distance of 101 feet recorded during the same
period between Aircraft 1 and Aircraft 2. Further explanatory details are provided in the attached
Enclosure.
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Please feel free to make contact to discuss any aspects detailed herein, 

Regards, 

Mr Michael Grant 

Senior Researcher Platform Systems, DSTG 
506 Lorimer Street Port Melbourne, Victoria 3207 

 
 

13/09/2023 

Enclosure: Explanatory Details – Miss Distance Estimation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grant, 
Michael

Digitally signed 
by Grant, Michael 
Date: 2023.09.14 
17:16:01 +10'00'
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Enclosure:  Explanatory Details – Miss Distance Estimation 

There are three primary sources of error (or tolerances) with regards to the miss distance or 
separation distance calculation between the MRH90 aircraft within the formation. 

1. Individual aircraft GPS position estimation 
2. Aircraft Geometry  
3. Aircraft Time Estimation. 

Each source of error will be detailed separately. 
 

1.  Individual aircraft GPS position estimation. 
There are numerous potential sources of error relating to the GPS data recorded on the DFDR.  
Assuming, GPS integrity of at least three satellites and good GPS performance at the time, the 
accuracy of GPS position is quoted in the MRH90 flight manual as seen in table below: 

  
The CSV dataset provided to DSTG does not provide any indications of the state of GPS performance 
or satellite coverage shortcomings that would indicate performance degradation greater than that 
provided in the table above. 

 

The manufacturers of the GPS equipment on the MRH90 aircraft may provide 
more informative data than that in the table above. It is anticipated that the combined or relative 
error between two GPS systems would be considerably lower than the absolute error of a single 
system as stated above, however that would also be information best provided by the manufacturer 
of the GPS equipment.    
 

2. Aircraft Geometry 
The MRH90 GPS antenna is located on the tail boom as designated by the number 12 in Figure 1 
below. Note that the antenna is located at some distance from the centre-of-gravity and is unlikely to 
be near the inertial navigation reference point of the helicopter. When calculating miss distance the 
various rotations of the aircraft about the inertial reference point and the difference in location 
between GPS antenna and the inertial reference point would need to be considered.  
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Figure 1 – Position of external equipment on the MRH90 aircraft, the GPS antenna is located at 
number 12 and marked by the red text. 

 
In Reference A, DSTG used a bounding box method for each MRH90 aircraft, which described the 
volume the MRH90 geometry occupies as it translates and rotates in all six axes during flight. This 
volume also includes the components of the main and tail rotors. This was done to continually assess 
which component of Aircraft 2 was closest to Aircraft 3 at any given time. The method utilised an 
open source MRH90 3D geometry, which although visually acceptable in appearance has not been 
rigorously validated. Most importantly, the inertial reference location about which all aircraft 
rotations and positions are referenced about, by the DFDR data, had to be assumed. Actual location 
of the inertial reference point remains an unknown for DSTG. Knowledge of the reference location 
and use of a more accurate 3D geometry would result in only a minor increase in miss distance 
accuracy.  Given that the most significant sources of uncertainty are in the time synchronization 
between the two aircraft and relative GPS accuracy, DSTG has decided to remove the effect of 
aircraft geometry and utilize GPS locations only to estimate miss distance.   
 

3. Aircraft Time Estimation   

Previous DSTG assessments of miss distance calculated for MRH90 aircraft have highlighted sources 
of error due to a range of time sources available on the DFDR binary data. In the current example 
DSTG only has access to CSV format DFDR data and therefore cannot assess if similar reductions or 
differences in synchronisation between Aircraft 2 and Aircraft 3 are present.  
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Given that DSTG does not know if 

there is a lack of synchronisation between the time on Aircraft 2 and Aircraft 3, DSTG has decided to 
estimate a range of potential separation distances given the following three scenarios: 

1) Aircraft 3  time is ahead of Aircraft 2  time by 1 second 
2) Aircraft 3 and Aircraft 2  times are in fact synchronised 
3) Aircraft 3  time is behind Aircraft 2  time by 1 second 

 
The closest separation distances recorded between GPS locations in the last ten minutes of the flight 
until Aircraft 3 impacted the water are 147 feet, 134 feet, and 82 feet, respectively for cases 1, 2 and 
3. All three separation distances are recorded just prior to when Aircraft 3 impacted the water. Note 
that these distances do not include any element of helicopter geometry, such as rotating main 
blades, which would reduce the separation by as much as 53.5 feet, i.e. one rotor blade diameter.  
The following three images, Figure 2, Figure 3 and Figure 4, illustrate the three scenarios detailed 
above, with lateral difference in feet on the horizontal axis and longitudinal separation in feet on the 
vertical axis for the last ten minutes of the flight up until Aircraft 3 impacted the water. Each image 
also illustrates the closest separation distance recorded during the time period.              
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 2 - Lateral and Longitudinal separation of Aircraft 3 relative to Aircraft 2 for last ten minutes of 
the flight, assuming  time of Aircraft 3 is one second ahead of the  time of Aircraft 2. 

 

OFFICIAL OFFICIAL

OFFICIAL 83DFSB REPORT ENCLOSURE : 7



OFFICIAL:   

7 

OFFICIAL:   

 

Figure 3 - Lateral and Longitudinal separation of Aircraft 3 relative to Aircraft 2 for last ten minutes of 
the flight, assuming Aircraft 3 and Aircraft 2 are synchronised in time. 
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Figure 4 - Lateral and Longitudinal separation of Aircraft 3 relative to Aircraft 2 for last ten minutes of 
the flight, assuming  time of Aircraft 3 is one second behind the time of Aircraft 2. 
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While the proximity of Aircraft 3 to Aircraft 2 at the time it passes abeam of Aircraft 2, just prior to 
impact with the water, may appear relatively close, the nature of helicopter formation flying should 
be considered. Formation flying involves aircraft being relatively close to each other and is best 
illustrated by the proximity that Aircraft 2 had with Aircraft 1 (Lead aircraft of the formation) during 
the same ten minute period of the flight. Figure 5 below shows again lateral difference in feet on the 
horizontal axis and longitudinal separation in feet on the vertical axis for the last ten minutes of the 
flight. 
  

 

Figure 5- Latitude and Longitude separation of Aircraft 2 relative to Aircraft 1 assuming Aircraft 2 and 
Aircraft 1 are synchronised in  time for last ten minutes of the flight. 

Figure 5 shows that Aircraft 2 spent a significant portion of the last ten minutes of the flight, 
approximately 120 feet behind in longitudinal separation and 80 feet in lateral separation (right). The 
closest separation distance between Aircraft 1 and Aircraft 2 during this time was estimated as 101 
feet.  Operational requirements aside, it appears to not be significantly more than the lower bound 
of the separation distance between Aircraft 3 and Aircraft 2 estimated just prior to impact with the 
water, i.e. 82 feet.   
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1 Abbreviations 

ACC Actuator Control Computer IAS Indicated Airspeed 
CSMU Crash Survivable Memory Unit IMC Instrument Meteorological Conditions 
DSFB Defence Flight Safety Bureau NR Rotor speed 
ED55 EUROCAE document 55 

“MOPS for flight data recorder systems” 
RT Real Time 

ET Elapsed Time UTC Universal Time Coordinated 
EUROCAE European Organisation for Civil Aviation 

Equipment 
MOPS Minimum Operational Performance 

Specification 
FDR  Flight Data recorder 

2 Data recording 

There are two time scales in the FDR, elapsed time ET which starts at zero when the helicopter is 
powered up and real time RT which is the UTC. The time axis of the figures in this document are related 
to ET in terms of 10³ seconds.  
The valid data recording range of the FDR for values in percent is +/-101 %. However, the control input 
data for longitudinal, lateral, collective and pedal control are defined in a theoretical range of +/- 50 %. 
This represents the full control range of 100 % from one control stop to the other 

- for longitudinal control from forward (-) to rear (+) 
- for lateral control from left (-) to right (+) 
- for collective down (-) to up (+) 
- for pedal from left (-) to right (+) 

Therefore, a data value of +/-50% in FDR file represents the maximum control input in the respective 
axis. 
Due to control range adjustments in the mechanical part of the flight controls, the actual minimum and 
maximum control positions can be slightly above the theoretical 50% value by a few percent. 
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3 Data analysis 
The following parameters are shown in the figures in this report: 

ID Name Parameter
L167 ATTACT ATT Mode active 
L170 TACACT TAC Mode active 
L172 BPLYW Feet-on Detection Yaw 
L173 BPLRL Hands-on Detection Roll 
L174 BPLPT Hands-on Detection Pitch 
L175 BPLCL Hands-on Detection Collective 
L187 ICPP Flight Controls Position Pitch 
L189 ICPR Flight Controls Position Roll 
L191 ICPC Flight Controls Position Collective 
L193 ICPY Flight Controls Position Yaw 
L569 ENG1_NP Engine 1 Power Turbine Speed 
L598 ENG1_TQ Engine 1 Torque 
L642 ENG2_NP Engine 2 Power Turbine Speed 
L644 ENG2_TQ Engine 2 Torque 
L697 MGB Main Rotor Speed 
P291 IRSM_RA_HGT_COMP Radar Altitude 
P292 IRSM_GAMMA_X Longitudinal (x) Acceleration 
P293 IRSM_GAMMA_Y Lateral (y) Acceleration 
P294 IRSM_GAMMA_Z Vertical (z) Acceleration 
P348 IRSM_OPTIMAL_ROLL Helicopter Roll Attitude 
P349 IRSM_OPTIMAL_PITCH Helicopter Pitch Attitude 
P351 IRSM_Q Helicopter Pitch Attitude 
P352 IRSM_P Helicopter Roll Attitude 
P354 IRSM_OPT_V_V Helicopter Vertical Velocity 
P503 PMCM_MASTER_ALARM_RED Master Warning Red 
P609 IAS_ADC Indicated Air Speed 
P625 ENG1_MIN_OIL_PRESS Minimum Oil Pressure Engine 1 
P626 ENG2_MIN_OIL_PRESS Minimum Oil Pressure Engine 2 
P635 NR_MIN Minimum Rotor Speed Exceedance 
P653 MASTER_RED_CONTROL_LIGHTED Master Warning Red illuminated 
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3.1 Whole Flight 

Figure 1 shows the main parameters of the flight control inputs, the helicopter attitude and the 
accelerations during the whole flight (RT selected as 12:13:57 at first collective increase and 12:36:26 at 
last recorded value). 

Figure 1: Full flight – Flight controls, attitude and accelerations 

3.1.1 Control input 

The value of the longitudinal control 
- is between 0 and +23 % during the lift off 
- is between -30 and 0 % for the remaining flight after gaining forward speed 
- is between -52 and -30 % for the last three seconds of the flight 

The absolute value of the lateral control 
- is below 10 % during the whole flight until RT 12:36:10 
- except of several excursions up to -16 % 
- is between -20 and +20 % during the second to last 8 seconds (RT 12:36:10 - 18) 
- is between -35 and +33 % during the last 8 seconds (RT 12:36:18 - 26) 

The value of the collective control 
- remains mostly below +20 % during the majority of the flight with a few excursions up to +30 % 
- is between -32 and -10 % during RT 12:33:35-43 
- remains mostly between -20 and +4 % with one excursion to -24 % (RT 12:33:43 - 12:36:06) 

91DFSB REPORT ENCLOSURE : 8



Date 22.09.2023 Reference Issue V1 Page 5

- increases to +42 % until RT 12:36:21 
- oscillates for two down-up cycles between +18 % and +56 % for the last four recorded seconds 

(until RT 12:36:25) 

All control inputs indicate that the helicopter was flown manually. The range of control inputs is 
moderate and calm except in the last phase of the flight (see Figure 6). 

3.1.2 Helicopter speed and attitude 

The indicated airspeed  
- is between 80 and 120 kt for the majority of the flight after lift off 
- is between 70 and 80 kt during the last approximately 20 % of the flight time  

(RT 12:32:38 - 12:36:10) 
- Increases up to 142 kt during the last 16 seconds (RT 12:36:10 - 26) 

The pitch attitude 
- remains mostly well below +/-10° during the whole flight with a few nose up attitudes up to 13° 
- shows an increased nose down attitude up to -28 ° in the last 6 seconds of flight  

(RT 12:36:20 - 25) 

The roll attitude 
- remains mostly below +10° during the whole flight with a few turns up to 21° 
- shows two right roll peaks up to 31° and 48° in the last 10 seconds of flight (RT 12:36:16 - 25) 

All helicopter motions and attitudes are moderate and calm except in the last phase of the flight (see 
Figure 6). The helicopter follows the control inputs throughout the complete flight. 

3.1.3 Accelerations 

- During start the highest x-acc is 0.17 g (RT 12:14:40) 
- During start the highest y-acc is 0.13 g (RT 12:14:25) 
- During final phase the highest x-acc is 0.19 g (RT 12:36:07) 
- During final phase the highest y-acc is -0.28 g (RT 12:36:23) 
- The z-acc remains at nominal 1 g condition +/- 0,3 g for the whole flight except in the final 

phase which is discussed in Chapter 3.2.3. 

The longitudinal and lateral accelerations are apparently not out of the usual range during the whole 
flight. They will not be further considered for the following evaluation. 
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Figure 3: Full Flight - Engine Parameters Overlay 

Figure 4: Engine Torque Drop 
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3.1.5 Flight Path 

Figure 5: Flight path 
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3.2 End of Flight 

Figure 6 shows the main parameters of the flight control inputs, the helicopter attitude and the z-
acceleration during the last 45 seconds of the flight (RT 12:35:41 to 12:36:26). Two vertical lines 
indicate RT 12:36:08 and 12:36:20. 

Figure 6: End of flight – Flight controls, attitude and z-acceleration 

3.2.1 Control input 

While the longitudinal control input value is more or less in the range of -10% for quite a time 
- it decreases at RT 12:36:08 to approx. -20% in two seconds 
- it further decreases at RT 12:36:17 to approx. -50% in three seconds 
- it shows two oscillations up to -20% and -10% in three seconds at RT 12:36:20 
- remains between -52 and -30 % for the last three seconds of the flight 

In correlation with the negative pitch input and the collective rising in the same time an increase of the 
IAS from 78 to 142 kts and a nose down attitude from +4° to -28° can be observed. In addition, the final 
loss of altitude from 360 ft to 0 ft is attributed to the increasingly strong negative longitudinal input in the 
last eight seconds of flight 
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While the lateral control input value is more or less in the range of 0 to -10% for quite a time 
- it starts to vary RT 12:36:08 - 20 with increasing amplitudes for approx. two and a half cycles 
- it shows two oscillations between -35% and +33% in three seconds after RT 12:36:20 which are 

more or less in parallel to the longitudinal input oscillations 
- remains between -35 and -21 % for the last three seconds of the flight 

In correlation with the variable lateral input a respective roll attitude change between -18° and +42° can 
be observed. 

The collective control is increased from 4 to 42% between RT 12:36:08 – 20. This leads in spite of the 
increasing nose down attitude initially to an altitude gain of 120 ft. 

Also, collective and yaw control input show a similar oscillatory behavior in the last 6 seconds of the 
flight. 

Figure 7 shows for pitch and roll axis the control input, the pitch and roll rate and the pitch and roll 
attitude. Two vertical lines indicate RT 12:36:08 and 12:36:20. 

Figure 7: End of flight – Flight controls, pitch and roll rate and attitude 

The control input in the pitch and roll axis results in a tilt of the main rotor plane which creates a pitch 
and roll moment acting on the helicopter. The pitch and roll accelerations (which are not recorded in the 
CSMU) are directly proportional to the pitch and roll moment and therefore respond to the control input. 
The pitch and roll rate are the integral of the respective acceleration under consideration of inertial and 
aerodynamic forces. Finally, the pitch and roll attitude are the integral of the respective rate.  
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The roll rate of the helicopter reacts immediately upon pilot roll inputs. Evolutions of bank angle is the 
direct result of pilot inputs and airframe inertia (see Figure 7). 

Figure 8 shows the pitch attitude, collective control input, vertical speed, indicated airspeed and radar 
altitude. Two vertical lines indicate RT 12:36:04 and 12:36:16. 

Figure 8: End of flight – Flight controls, pitch attitude, collective input, vertical speed, altitude and IAS 

An increase of collective creates more lift force of the main rotor, which primarily would lead to a vertical 
acceleration and vertical speed. However, as the main rotor is installed together with the main gear box 
with a forward tilt angle of 5° and due to the tilting of the rotor plane in pitch and roll, the lift does only 
partially act in vertical direction. Another part of the lift force acts in forward direction to establish and 
increase the speed and in lateral direction for attitude changes and lateral flight. Hence the relation 
between collective input and vertical speed is not that close as for pitch and roll. Nevertheless, between 
RT 12:36:04 and 12:36:16 a clear correlation between the collective input from -6 to 24% and vertical 
speed (note that negative values indicate climb speed) from -70 to -630 ft/min can be seen in Figure 8. 
Additionally, the increase in airspeed from 77 to 94 kt due to increasing nose down inclination of the 
helicopter (+5,8 to -3.9°) is obvious. 
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After this the further increasing pitch-down attitude (-3.9 to -28°) leads, in spite of further collective 
increase of 30%, to a reversion from climb to descent and continuously increasing sink speed up to 
6000 ft/min just before the impact (see Figure 8 last row). 

The relation between control input, helicopter pitch and roll rate, attitude and speed indicates that the 
aircraft is following the control inputs and the control system is working properly. It can be concluded 
that control inputs, ACC commands and actuator movements are consistent and show no irregularities. 

3.2.2 Engine Parameters 

Figure 9 shows the rotor minimum RPM indication together with the rotor speed, the power turbine 
speed and torque of both engines for the end of the flight. Rotor and engine speed values and engine 
torque values are shown overlaid to demonstrate their consistency. 

At the very end of the flight (last data point RT 12:36:26.00): 
- RT 12:36:24.00-25.00(1) the collective was raised in one second from 17.8 to 56.1% (2)

- RT 12:36:24.00-25.75(1) leading to a torque increase from 500 to 620 Nm (mean of engine 1 & 2) 
- RT 12:36:24.00-25.50 and a rotor speed decrease from 96.4 to 94.8% NR 
- RT 12:36:25.50 which triggered the minimum RPM indication (RPM < 95%) 

(1) last recorded value 
(2) This value is limited to +50% by the flight control computers 

This behavior is to be expected regarding the engine control characteristics. 

Figure 9: End of Flight - Engine Parameters 
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3.2.3 Alarm Indications 
Figure 10 shows the z-acceleration, the engine minimum oil pressure indications and master alarm 
warnings during the last 19 seconds of the flight (RT 12:36:08 to 12:36:27). It can be seen that the oil 
pressure indications correlate with the occurrence of low vertical acceleration values (close to zero-g). 
The probable cause for the indication is the unusual oil distribution in the engine oil reservoir due to  
low g situation leading to a short time where the pumps were not fed sufficiently with oil (see Figure 11). 
The master alarm indications are a consequence of the oil pressure indications. 

Figure 10: End of flight –Z-acceleration, oil pressure and alarm indications 

Figure 11: Engine oil reservoir 

During the whole flight the engine control worked according to the power demand. Except the ones 
shown in Figure 10 no Master Caution or Warning appeared (no system abnormally determined).
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3.3 Answers to Questions of DFSB 

Can you determine the vertical acceleration at impact? 
The recording of vertical acceleration ends with values less than nominal 1g condition. Therefore, the 
impact situation is not recorded and the actual acceleration resulting from the impact is not available. In 
addition, it has to be considered that 
- The sampling rate of 8 Hz might not be sufficient to “catch” the maximum peak acceleration of the 

impact as this is a highly dynamic process 
- due to the high forward speed the longitudinal acceleration during impact was also very high.  

Is it possible to determine which set of controls is being used, ie left or right seat pilot? 
The controls of the left and right seat are mechanically linked together, so they move always in the 
same way. There are sensors installed at both inceptors (left and right) which provide in essence the 
same signal to provide redundancy. From the inceptor position data recorded in the CSMU, it cannot be 
determined whether the right or left controls were used. 

Does the data allow a determination of what was set on the Radar height hold? 
Based on currently involved expertise this data is not recorded in the CSMU. 

Is it possible to validate the integrity of the flight data being provided to the crew 
All flight data are processed with redundancy and any discrepancies would raise an error message 
which will be displayed to the crew and recorded in the CSMU. 

Regarding the collective inputs, from 12:36 is it possible to determine whether the pilot was using the 4 
way trim or the trim release to raise the datum? 
Usage of beep trims is not part of the data recorded in the CSMU. 
However, there are parameters in all four control axes which indicate the hands/feet-on status. Figure 
12 shows all control axes inputs together with the hands/feet-on detection. In addition, the first two rows 
contain the status of the stabilization modes “ATT” and “TAC”.  
When TAC mode is selected by the pilot, the ATT mode becomes active not selected. On pilot request 
(button on the grip) the ATT mode is instantaneously selected 

Through the whole flight as well as in the end phase there is a lot of manual control activity indicated by 
the hands-on parameters BPLPT/RL/CL/YW. It is very unlikely that the beep trim had been used in 
addition to that control activity. 
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Figure 12: End of Flight – Stabilization Modes, Control Input and Hands on Detection 

Are there any flight critical systems whose status are not recorded on the VFDR? 
The flight data to be recorded contain the minimum requirements given in ED55 extended by further 
parameters. The status of the following systems is recorded: 
• Flight control input and actuation output 
• Engine parameters  
• Helicopter flight data (alt, heading, speed, attitude,…) 
• Rotor speed 
• Caution and Warning indications 
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3.4 Summary 
Based on the data analysis as shown above there were no technical abnormalities or failures of the 
helicopter and its systems detected which would have precluded a safe flight. 

The operation of the helicopter appears normal and without specific events except the phase of the last 
18 seconds. At RT 12:36:08 the more or less constant control input deviated first gradually for about 8 
seconds from its stabilized position and then with increasing rate and – initially only in lateral control, 
later in all axes - oscillations of the input values. 

It appears that, with the onset of a strong forward longitudinal control motion until the control stop and in 
parallel a left lateral control motion up to approximately 70% of the maximum range to the left, the 
helicopter was brought into an unusual attitude. This happened 9 seconds before the end of the flight at 
RT 12:36:17. The varying control inputs in all axes after this moment were properly executed by the 
helicopter but they were not adequate to prevent the collision with the surface. 
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3.5 Hypotheses 

Even if the scope of available information is very limited some hypotheses for potential causes of the 
accident are presented. It has to be noted however, that they are affected by a significant degree of 
uncertainty. 

The gradual change in control movements after RT 12:36:08 might have been caused by an inadvertent 
input during focusing on other task elements. Being alerted by the noticeable attitude change with 
increasing nose down pitch around RT 12:36:21, the remaining time of 5 seconds to gain full situational 
awareness about the helicopter flight state and to recover was not sufficient for the pilot. The oscillating 
control inputs during the last seconds of the flight might have been caused by counteracting inputs from 
pilot and copilot. 

Another possible scenario explaining the observed facts is an incapacitation of the pilot at or shortly 
before RT 12:36:08. Due to the gradual change in the helicopter attitude and speed the detection by 
other crew members might have occurred in a very late stage around RT 12:36:21. The most 
pronounced inertial clue could have been the fast increase of nose down attitude. In case the copilot 
took over the controls, it might have not been possible to gain full situational awareness about the 
helicopter flight state and to recover in the remaining 5 seconds. In addition, the controls might have 
been partially restricted by the incapacitated pilot. 

A third hypothesis can be made which is in line with the recorded data, based on the assumption of 
spatial disorientation. This might have been caused either due to the difficult visual conditions during the 
night and/or by entering inadvertently into IMC due to the altitude gain of about 140 ft until 12:36:18 in 
case the cloud base was below 400 ft. 
A potential indication for a low cloud base could be the fact that earlier in the flight at 12:33-34 (see 
Figure 4) the altitude was rapidly changed from 350 to 250 ft. Assuming that 250 ft would be for a turn 
flight of the formation the target altitude for the lowest helicopter on position 2 (left) the highest one 
would be position 3 (right) which would then be the most exposed to entering into IMC. 

- End of report – 

 
Air Accident & Flight Safety Investigator 
Aviation Safety and Quality 
Airbus Helicopters

 
Head of Accident & Flight Safety Investigation 
Aviation Safety and Quality 
Airbus Helicopters
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EXECUTIVE SUMMARY 
 
The report provides an in-depth analysis of Spatial Disorientation (SD) items administered as a part 
of the 2024 Snapshot survey.  
 
The Air Standard Coordination Committee (AIR STD 61/117/07) provides the following standardised 
definition of SD: 
 

Spatial Disorientation is used to describe a variety of incidents occurring in flight where the 
pilot fails to sense correctly the position, motion, or attitude of the aircraft or of [themselves] 
within the fixed co-ordinate system provided by the surface of the earth and the gravitational 
vertical. 

 
In 2024, the Defence Flight Safety Bureau took the opportunity to gather information on SD 
experiences, including their frequency, severity and the effectiveness of SD training. It did so 
through the annual Snapshot survey, which collects data on a wide range of safety issues across the 
ADF aviation community. The section of Snapshot addressing SD events used a definition drawn 
from the USAF Spatial Disorientation Survey (Matthews et al., 2002) and a more recent (2022) survey 
administered by the RAAF Institute of Aviation Medicine.  
 

The incorrect perception of one's linear and angular position and motion relative to the plane 
of the earth's surface or another aircraft that affected your performance, situation 
awareness or workload - however slight that effect may be. 

 
The key findings are summarised below: 

- Overall. A significant proportion (86%) of respondents reported experiencing at least one of the 
17 possible SD types or situations listed in the survey during the last three years on their primary 
aircraft type. 37% of respondents reported experiencing more than five of the SD event types.   

- Top Three. The most frequently encountered SD types or situations were the Leans (53%), Loss of 
SA (52%), and Sloping Clouds or Terrain (44%).  

- Recency and Severity of Latest SD Experience. 30% of respondents reported experiencing SD in 
the six month prior to the survey, and 43% of respondents had experienced SD in the previous 12 
months. The majority of respondents rated the severity of their most recent SD event as ‘minor’ 
(flight safety not at risk). Only 2% of ‘most recent’ SD events were rated as ‘significant’ (flight 
safety not at risk but could have been jeopardised under different conditions) and no respondents 
rated their latest SD event as ‘severe’ (flight safety was at risk). 

- Severity of Worst SD Experience. A noteworthy proportion of respondents (15%) rated their worst 
SD experience in the past 3 years as ‘significant’. A further 2% (18 respondents) rated their worst 
SD experience as ‘severe’. There were large differences based on respondents’ aircraft category. 
For example, the majority of ‘severe’ SD experiences were among the Rotary Wing (8 respondents) 
and Air Combat (7 respondents) categories.  
 
Difference between Aircraft Categories. There were differences in the most common types and 
frequency of SD between aircraft categories. There were also differences among the aircraft 
types within each category. The top three SD types or situations for each aircraft category were:  
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Heritage. Sloping Clouds or Terrain (36%), Loss of SA (36%), and Blending of Earth and Sky 
(27%). 
Surveillance. Blackhole Approach (59%), the Leans (46%), Sloping Clouds or Terrain (39%). 
Air Combat. The Leans (82%), Loss of SA (59%) and Blackhole Approach (47%) / NVD Related 
Illusions (47%). 
Training. The Leans (65%), Loss of SA (57%) and Sloping Clouds or Terrain (55%). 
Air Mobility. Blackhole Approach (65%), Sloping Clouds or Terrain (50%) and the Leans (46%) 
/ Loss of SA (46%). 
Rotary. NVD Related Illusions (61%), Undetected Drift (58%), and Loss of SA (55%). 

- Type of SD Training. Most of the respondents (93%) reported completing some form of SD training, 
with the lecture format featuring strongly. Many respondents completed multiple forms of SD 
training. We were not able to explore the timing and sequencing of training. 

- Effectiveness of SD Training. All aircraft types gave favourable ratings to training. Overall, 
approximately 72% found the training effective and a further 18% as helpful to some extent. The 
lowest (marginally) ratings came from the Rotary Wing and Air Mobility categories. Approximately 
2% reported the training as Very Ineffective, 4% as Ineffective, 18% as Moderately Effective, 41% 
as Effective, and 31% as Very Effective.  

- Implications This report provides Defence Aviation with a thorough understanding of SD 
experiences, including their frequency, severity and the effectiveness of SD training. This brief look 
at SD phenomena in Defence Aviation context indicates that all aircrew are susceptible to SD 
experiences. The data indicate that SD is an ongoing and significant hazard to military aviation. 
The report includes recommendations of the types of training that are likely to be effective in 
reducing SD-related safety events. The report closes with emphasising the need for SD 
preventative and recovery controls to extend beyond classroom-based training. This includes 
actions to anticipate, avoid and communicate SD risk factors within operational environments. 
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EXECUTIVE SUMMARY 
 
The report provides an in-depth analysis of Spatial Disorientation (SD) items administered as a part 
of the 2024 Snapshot survey.  
 
The Air Standard Coordination Committee (AIR STD 61/117/07) provides the following standardised 
definition of SD: 
 

Spatial Disorientation is used to describe a variety of incidents occurring in flight where the 
pilot fails to sense correctly the position, motion, or attitude of the aircraft or of [themselves] 
within the fixed co-ordinate system provided by the surface of the earth and the gravitational 
vertical. 

 
In 2024, the Defence Flight Safety Bureau took the opportunity to gather information on SD 
experiences, including their frequency, severity and the effectiveness of SD training. It did so 
through the annual Snapshot survey, which collects data on a wide range of safety issues across the 
ADF aviation community. The section of Snapshot addressing SD events used a definition drawn 
from the USAF Spatial Disorientation Survey (Matthews et al., 2002) and a more recent (2022) survey 
administered by the RAAF Institute of Aviation Medicine.  
 

The incorrect perception of one's linear and angular position and motion relative to the plane 
of the earth's surface or another aircraft that affected your performance, situation 
awareness or workload - however slight that effect may be. 

 
The key findings are summarised below: 

- Overall. A significant proportion (86%) of respondents reported experiencing at least one of the 
17 possible SD types or situations listed in the survey during the last three years on their primary 
aircraft type. 37% of respondents reported experiencing more than five of the SD event types.   

- Top Three. The most frequently encountered SD types or situations were the Leans (53%), Loss of 
SA (52%), and Sloping Clouds or Terrain (44%).  

- Recency and Severity of Latest SD Experience. 30% of respondents reported experiencing SD in 
the six month prior to the survey, and 43% of respondents had experienced SD in the previous 12 
months. The majority of respondents rated the severity of their most recent SD event as ‘minor’ 
(flight safety not at risk). Only 2% of ‘most recent’ SD events were rated as ‘significant’ (flight 
safety not at risk but could have been jeopardised under different conditions) and no respondents 
rated their latest SD event as ‘severe’ (flight safety was at risk). 

- Severity of Worst SD Experience. A noteworthy proportion of respondents (15%) rated their worst 
SD experience in the past 3 years as ‘significant’. A further 2% (18 respondents) rated their worst 
SD experience as ‘severe’. There were large differences based on respondents’ aircraft category. 
For example, the majority of ‘severe’ SD experiences were among the Rotary Wing (8 respondents) 
and Air Combat (7 respondents) categories.  
 
Difference between Aircraft Categories. There were differences in the most common types and 
frequency of SD between aircraft categories. There were also differences among the aircraft 
types within each category. The top three SD types or situations for each aircraft category were:  

 

OFFICIAL

OFFICIAL

OFFICIAL OFFICIAL

OFFICIAL 135DFSB REPORT ENCLOSURE : 11 



  

   6 

SECTION 1: INTRODUCTION 
 

1. Spatial Orientation refers to ‘the ability to develop an internal representation of an exterior 
space, including one’s own position in that space’ (Hunt, 2011, p. 167). In the literature on human 
intelligence, it belongs to the group of visual-spatial abilities. Earl Hunt, the author just quoted, is one 
of the few researchers who has studied spatial orientation. He summed up the state of play in these 
words: 
 

Spatial orientation serves as a shining example of a cognitive skill that is socially 
important, for which there are wide individual differences…..but that has been 
almost ignored in research on intelligence’ (p. 169). 

 
2. The reason for this neglect is that it is more difficult to study than other visual-spatial abilities 
(e.g. spatial memory) that researchers can explore quite easily in a standard laboratory. A search of 
the recent literature reveals that there has not been a lot of progress since Hunt wrote those words. 
Spatial Orientation is a construct that we still do not fully understand.  
 
3. Spatial Disorientation (SD) in an aviation setting refers to a situation where pilots (and possibly 
other aircrew) have developed an incorrect perception of how they are oriented in relation to the 
ground and other aircraft. The sensory systems that provide information about our spatial orientation 
have become unreliable, usually because of confusing environmental circumstances.  SD is a major 
cause of fatal aviation accidents. Much of what we know about the incidence of SD comes from aircraft 
mishap data. Matthews et al. (2002) estimated that between 1991 and 2000, 20-30% of US aviation 
accidents were due to SD, with a fatality rate three times that of non-SD accidents.  
 
4. Matthews and his colleagues acknowledged the importance of mishap data in drawing 
attention to what was clearly a major human factors issue in aviation. To address this problem in a 
proactive fashion, they developed the USAF Spatial Disorientation Survey to learn more about the 
frequency with which pilots experience SDs and the effect SDs have on performance. Variations of this 
survey, along with newer surveys developed by other researchers have contributed to a growing body 
of knowledge on types of SDs, their causes, training methods, and preventive techniques (e.g., Poisson 
& Miller, 2014; Newman, 2007). There is no shortage of papers on the different types of SD, their 
prevalence, and their effects. The RAAF Institute of Aviation Medicine has conducted investigations of 
SD, paying particular attention to training methods that may help to prevent or overcome SDs. 
 
5. In 2024, the Defence Flight Safety Bureau took the opportunity to gather information on the 
incidence of SDs, their severity, and the effectiveness of SD training. It was able to do that as part of 
the Annual Snapshot survey, which collects data on a wide range of safety issues across the ADF 
Defence aviation community.  
 
6. This report summarises the findings of the Snapshot data relating to SDs. 
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SECTION 2: METHODOLOGY 
 
7. The section of Snapshot addressing SD events used definitions drawn from the USAF Spatial 
Disorientation Survey (Matthews et al., 2002) and a more recent (2022) survey administered by the 
RAAF Institute of Aviation Medicine.  
 
8. The introductory text to this section was as follows: 
 

In this section, we are gathering information from aircrew who have experienced Spatial 
Disorientation (SD) events. This information will help us develop a more thorough 
understanding of the frequency and types of SD being experienced and may be used to 
inform appropriate countermeasures to reduce its impact.  

 
9. SD was defined as:  
 

The incorrect perception of one's linear and angular position and motion relative to the plane 
of the earth's surface or another aircraft that affected your performance, situation 
awareness or workload - however slight that effect may be. 

 
10. All respondents were asked to rate the effectiveness of the SD training they had completed. 
Respondents then indicated whether they had undertaken Defence related flying duties in the last 
three years. To improve the prospects of accurate recall and hence reliable data, this item filtered out 
respondents who had no recent flying experience.   
 
11. Respondents then indicated how frequently they had experienced a list of 17 SDs using a 
response scale with five options:  Never (1), Rarely (2), Seldom (3), Occasionally (4), Frequently (5). To 
assist respondents, a description of each of the SDs was available. Appendix A shows the SD types and 
associated descriptors.  
 
12. Respondents were also asked to rate the severity of their most recent SD experience and the 
severity of their worst SD experience. Respondents were advised to answer the SD frequency and 
severity questions based on their experience over the past three years on their primary aircraft type.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To Note: All percentages may not equal to 100% in tables due to rounding.  
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SECTION 3: RESULTS BY AIRCRAFT CATEGORY 
 
13. The survey captured data from Snapshot aircrew respondents that indicated having 
undertaken Defence flying related duties in the last 3 years. Respondents were categories based on 
the selection of their primary aircraft type. Respondent that did not select a primary aircraft type were 
excluded from the analysis. 
 
14. A total of 831 respondents met the above criterion representing 25 Defence Aviation aircraft 
types that were assigned to seven aircraft categories: Heritage (N = 11), Surveillance (N = 56), Air 
Combat (N = 145), Training (N = 132), Air Mobility (N = 124), Rotary Wing (N = 337), Other (N = 16). 
 
15. Preliminary analyses of the SD results revealed that for all 17 SDs the ‘never’ and ‘rarely’ 
response categories captured the vast majority of responses. For example, the percentage who 
selected ‘Frequently’ was never above 2% for any of the 17 SDs. Given this lopsided outcome, for 
subsequent analyses the response categories were collapsed to form a dichotomy where the ‘Never’ 
responses were scored as ‘0’ and the ‘Rarely’ ,‘Seldom’, ‘Occasionally’, ‘Frequently’ responses were 
scored as ‘1’.  
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SECTION 5: PREVENTIVE STEPS 
Individual Differences 

33. Some useful findings have emerged from what was a small section of the Snapshot survey. 
They confirm, if any confirmation was needed, that SD experiences are an unpleasant fact in aviation. 
The literature is also very clear on this point: Any pilot or aircrew member can experience an SD at any 
time. The triggers are located in the environment, not in the pilot, although there are individual 
differences in a pilot’s reactions to these triggers.  
 
34. To pursue the question of individual differences further, we summed scores on the 17 SDs to 
form an overall score representing how often each respondent had experienced SDs.   This score was 
weakly correlated with Snapshot fatigue scores   (r = 0.17, P < .01), psychological distress scores (r = 
0.12, P < .01), and job stressor scores (r = 0.15, p < .01).  Together, these variables explained slightly 
less than 5% of the variance in the total SD score.  This outcome is consistent with the view that SDs 
are a natural phenomenon.  
 

Training 

35. The literature is also very clear on the importance of training. This issue was explored by 
checking whether there was any association between training and experiencing different types of SD.  
We found that Loss of Situation Awareness was more likely where the training was ineffective but, 
from a statistical point of view, it was a weak effect and needs further support. 
 
36. The trend was more evident in the Rotary Wing group where 24% of those who rated training 
as ineffective reported a Loss of Situation Awareness SD compared with 12% of those who rated 
training effective. This result was significant at the .05 level. Other SDs where there appeared to be a 
minor benefit of training were Elevator Illusion, Undetected Drift, and Vertigo Flickering. However, we 
cannot learn much from such small numbers without replication. The high training ratings also made 
it difficult to detect training effects in this sample.  
 
37. The comments above reflect the limitations of the survey rather than the importance of 
training, which we believe to be a very high priority. The high ratings for the effectiveness of training 
suggest that the current program addresses this priority but we make the following observations 
based on the findings from the Snapshot survey and the literature on SD.   

a. The first type of training should aim at educating pilots on the causes and symptoms of SD. 
The list of known SDs is not long and there are coherent and consistent descriptions of the 
various types in the literature. Such training would promote heightened awareness of SD 
producing conditions and early recognition of signs that individuals may be succumbing to 
these conditions.  

b. The second type of training involves simulator-based experiences to mimic actual SD 
conditions, also called Scenario-Based Training (SBT) and Upset Prevention and Recovery 
Training (UPRT). It could involve exposure to complex flight scenarios that simulate the 
conditions leading to SD, such as flying in degraded weather/visual cues, experiencing 
equipment failures, or managing high workloads. The focus of such training would be on 
maintaining, or re-establishing, spatial orientation in difficult circumstances. Such training in 
controlled conditions would assist individuals to recognise SD phenomena quickly and either 
maintain or recover spatial orientation.  
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c. The third type of training concerns the external aids that pilots can call upon to help them 
overcome the threats posed by SD situations, what is often called Augmentation Training 
where external aids supplement the skills acquired by the individual. The aim would be to 
reinforce the principles of Instrument Flight Rules (IFR) Training, fundamental to which is the 
practice of relying on instruments rather than their senses when SD situations are 
encountered and recognised. 

d. At a more general level, Non-Technical Skills (NTS) training can assist pilots deal with 
unpredictable events, such as SD. NTS refers to those human performance skills that promote 
reliable and effective task performance in complex work systems. To be effective, NTS training 
must move beyond the classroom to focus on skills-based performance. NTS skills-based 
performance focuses on competencies such as maintaining situation awareness, decision-
making, communication and the management of available resources and involves active 
practice, assessment and feedback on NTS performance.  

e. There is a need for training to cover situations where pilots have not recognised SD situations, 
or have recognised them but succumbed. Confusion, narrowed attentional focus, and high 
stress levels are common in such situations – but recovery may still be possible, even in what 
may be dire circumstances. Stress Exposure Training can be helpful here. 

f. Continuation training is important. SD Training cannot be a one off activity when, as we have 
seen in this survey, there may be a year or more between SD events.  

 

Beyond Training 

38. Anticipate, avoid and communicate. Given the unpredictable nature of flying conditions and 
the link between conditions and the likelihood of experiencing SDs, assessing SD risk factors should 
form part of mission planning and pre-mission briefings. Similarly, when flying conditions change, 
there is a need to be proactive and avoid SD with increased vigilance, enhanced crew coordination 
and increased instrument crosschecks. In crewed environments, the importance of communicating 
early when encountering conditions that may lead to SD or experiencing difficulty maintaining 
situation awareness cannot be overstated.  
 
39. The Australian Transport Safety Bureau (ATSB) Transport Safety Report - An Overview of 
Spatial Disorientation as a Factor in Aviation Accidents and Incidents (2007) remains a useful and 
comprehensive resource. The report provides an explanation of the various types of SD in the aviation 
environment, and suggests strategies for managing the risk associated with SD events.  
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Appendix A 

17 Spatial Disorientation (SD) Types 
SD Type Description 

Leans A false banking sensation usually in a turn. 
Whiteout Disorientation with a lack of horizon due to atmospheric 

whiteout or blowing sand, dust, or snow. 
Blending of Earth and Sky Trouble keeping orientation due to poor or no distinct 

horizon. 
Sloping Clouds or Terrain Falsely flying by orienting on a sloping cloud or terrain 

horizon. 
Coriolis Illusion Sensation of rolling and/or pitching after abrupt head 

movements. 
Black Hole Approach An approach to a dark area short of the runway. A night-

time aviation landing illusion that occurs when only the 
runway is visible to the pilot. 

Takeoff/Acceleration Pitch Up A false sensation or pitching up on take-off or 
accelerating in flight. 

Rapid Deceleration Pitch Down A false nose-down pitch sensation with abrupt 
deceleration (speed brakes). 

G-excess Illusion False or exaggerated sensation of body tilt (eg 
penetration or procedure turn). 

Autokinesis The apparent motion of a single light. 
Misleading Altitude Cues Misleading altitude cues from ground texture (eg over 

flat water, small trees etc). 
Loss of situation awareness Disorientation due to loss of visual cues. 
Giant Hand Illusion False banking sensation of a giant hand pushing down on 

the airframe. 
Elevator Illusion False sensation of upward or downward motion as in an 

elevator. 
Night Vision Device related Illusions Disorientation due to use of night vision devices. 
Undetected Drift  
Vertigo Flickering Vertigo caused by flickering light - strobe light or sunlight 

through rotor disc/prop. 
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