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Advancing the search for 9M-MRO - Malaysia Airlines Flight MH370 

Richard A. Lloyd MA, CEng, MIMechE, Consultant Mechanical Engineer 

Summary 

Malaysia Airlines Boeing 777-200, registered 9M-MRO, disappeared on 8 March 2014 

while operating Flight MH370.  Most of the wreckage remains undiscovered, despite 

extensive examination of the Indian Ocean sea floor.  However, this review of the 

accident investigation suggests opportunities remain to gather more evidence and 

define a manageable area for a future search. 

A number of recommendations are made.  Agencies that might hold tracking data from 

satellites or other sources should be alerted to the possibility the aircraft followed a 

meandering course.  Eyewitnesses and beached debris should be sought in a 

systematic way.  Independent reviews should be conducted of the Inmarsat satcom 

analysis and of the possible acoustic beacon sounds detected in April 2014.  The 

prediction of debris drift paths should be extended to include origins north of 22°S, 

and all reported observations of debris should be evaluated systematically.  The 

attribution of a seismic source to the hydro-acoustic event detected by Curtin 

University should be re-examined. 

The emphasis of the review was on the methodology of the investigation, rather than 

possible causes of the loss.  Brief information on three other searches for large aircraft 

lost at sea was documented for comparative purposes. 

Additions have been made to this paper in the light of the ATSB October 2017 report. 
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1. Flight MH370 

1.1 Loss of communications 

Boeing 777-200 9M-MRO, operating Malaysia Airlines Flight MH370 with 239 people 

aboard, took off from Kuala Lumpur for Beijing at 00:42 MYT
1
 on 8 March 2014.  

Around 01:20, all communications with the aircraft ceased, but because it was in the 

process of passing from one air traffic control centre to another, it was not realised the 

aircraft was in distress.  Only at 05:30 was the Aeronautical Rescue Coordination 

Centre activated in Kuala Lumpur, and then there was no activity until the Distress 

Phase alert was issued at 06:32
2
. 

1.2 Initial search for the aircraft 

Search and rescue activities were started near the point where communications had 

ceased, in the South China Sea.  Ships and aircraft scoured the area for debris and oil 

slicks, but nothing relevant was found. 

After 3 days, the search was expanded westwards to the Andaman Sea, because it was 

realized the aircraft had been seen on primary radar turning back and then heading 

along the Malacca Strait. 

However, at the end of a week of searching, it was revealed that satellite 

communication data showed the aircraft continued flying for many hours.  Searches 

were made north of Java, and southwards from there into the Indian Ocean. 

It was then concluded the aircraft had crashed further south, and search activities 

were transferred to the Southern Indian Ocean under the coordination of the 

Australian Maritime Safety Authority. 

2. The search in the Southern Indian Ocean 

2.1 Introduction 

Determination of the causes of the accident would be difficult without recovery of the 

aircraft wreckage, in particular, the flight recorders. 

However, the Southern Indian Ocean posed major problems for the searchers, because 

of the vast area in which the flight might have terminated, the distance from land, 

adverse weather conditions, the depth of the ocean, and the time that had elapsed 

since the accident. 

The contribution of various methods to the search is described in the sub-sections 

below, following an outline of the aircraft characteristics. 

2.2 Aircraft factors 

This paper is not concerned with the causes of the accident, but the route to the crash 

location would be affected by the condition of the aircraft in the hours following the 

turn back.  All investigating agencies adopted the assumption that the aircraft was 

                                                      
1
 Times in this document are stated in Malaysian Standard Time, UTC +8.  Malaysia is in the same time 

zone as China and Western Australia. 
2
 Factual Information, Malaysian ICAO Annex 13 Safety Investigation Team for MH370, 8 March 2015, 

sections 1.18.1.6 and 1.18.1.8, and Figure 1.18C. 
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flown in sectors with a constant heading and altitude.  However, while still being 

tracked by primary radar along the Malacca Strait, there were indications the aircraft 

was wandering and fluctuating in altitude
3
.  

The mass of the aircraft
4
 at the point of fuel exhaustion would have been about 174 t.  

The aircraft would have included about 97 t of aluminium, 15 t each of composites and 

steel, and 10 t of titanium
5
.  The pair of engines weighed about 15 t

6
. 

Since the fuel consumption of the aircraft would vary with thrust setting and altitude, 

and these are unknown, there is no simple way to define the search area from the 

usable fuel.  However, it appears the range limit of the aircraft would be consistent 

with various points on the "7th arc" defined by Inmarsat (see §2.5 below). 

The aircraft's total fuel capacity
7
 was 169 cu m, indicating the empty tanks would 

displace 173 t of seawater of specific gravity 1.025. 

2.3 Observation of the aircraft 

The aircraft might have been observed by people or military radars, on the ground or 

on ships, from various satellites, or indeed from other aircraft.  The investigators do 

not appear to have sought or used any eye-witness reports, and no tracking by radar of 

the aircraft over the Indian Ocean is acknowledged. 

There is routine monitoring of the earth by satellites for a variety of purposes.  Images 

are recorded in various parts of the spectrum by, for example, weather satellites.  The 

US Space Tracking and Surveillance System is reported to have demonstrated the 

ability to track an aircraft in August 2010
8
.  

Indications the flight had been tracked by satellite could be inferred from early reports 

issued by the Australian Maritime Safety Authority.  It said the search area in the 

Southern Indian Ocean was "being developed based on information made available to 

AMSA on [17 March], and being refined in conjunction with other agencies"
9
. 

On 18 March, it stated the area had been determined by the US National 

Transportation Safety Board (NTSB), and charts were released showing the area in 

relation to two speculative routes
10

.  These routes crossed latitude 40°S at about 

84.5°E and 87.3°E, a mean of about 85.9°E.  The spread of uncertainty indicates the 

NTSB lacked tracking data south of the equator. 

In its Final Report, AMSA revealed it had been aware on 2 April 2014 of "a supplied, 

high confidence position" close to Waypoint LAGOG (8.6°N 91°E) at 03:12
11

.  It's not 

possible to tell from the published data whether this position was the starting point of 

                                                      
3
 R. A. Lloyd, A theory for missing MH370, Flight International, Letters, 18-24 October 2016, p50. 

4
 Factual Information, Malaysian ICAO Annex 13 Safety Investigation Team for MH370, 8 March 2015, 

section 1.6.4. 
5
 Smith B, The Boeing 777, Advanced Materials & Processes, Sept 2003, p41-44. 

6
 https://en.wikipedia.org/wiki/Rolls-Royce_Trent_800, retrieved June 2017. 

7
 777-200/300 Airplane Characteristics for Airport Planning, Boeing Commercial Airplanes, July 1998 

8
 https://en.wikipedia.org/wiki/Space_Tracking_and_Surveillance_System. 

9
 Search operation for Malaysian airlines aircraft: Update 1, Australian Maritime Safety Authority, 

17 March 2014. 
10

 Flight MH370 Area of Interest, Australian Maritime Safety Authority, 18 March 2014. 
11

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, Appendix B, 

p12. 
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the two routes determined by NTSB.  While a civilian source might have supplied 

positional information, directional tracking is more likely to have come from some 

form of military surveillance.  However, the nature of the observation is irrelevant to 

the conduct of the search for 9M-MRO. 

In addition, the two divergent routes proposed by NTSB have a degree of correlation 

with a track proposed by Prostyakov and Ulich, derived from civilian infra-red weather 

satellite images of possible aircraft contrails
12

.  This would cross 40°S at about 85°E
 
and 

was considered compatible with a trail recorded in the visible spectrum around 35°S by 

the Elektro-L satellite.  However, this trail was not perfectly aligned.  Possible contrails 

were also examined by NASA, but not considered relevant
13

. 

The air search for floating debris was based on the NTSB proposal until superseded by 

information from Inmarsat at the end of March (see §2.5 below). 

2.4 Floating debris 

From 18 to 23 March, 1.6 million km
2
 of sea were searched north and south of Java by 

8 aircraft under the coordination of Malaysia and Indonesia
14

. 

The first sortie coordinated by Australia to search for debris floating in the Southern 

Indian Ocean was flown by a Royal Australian Air Force Orion on 18 March 2014
15

. 

Due to the elapsed time, any debris would have drifted from the impact point.  

Calculations were made, using data from floating buoys, to position the search areas to 

compensate for the effects of drift. 

During the search, floating objects were seen from satellites and from aircraft, but 

nothing relevant was recovered for examination. 

The surface search was suspended on 28 April 2014 after more than 4.5 million km
2
 

had been searched. There had been 334 search flights, totalling more than 3000 h, 

using 10 civil and 19 military aircraft, and up to 14 ships
16,17

. 

It was concluded that after 52 days, further surface searching would be unproductive, 

as most material would have become water logged and sunk. 

Nonetheless, small quantities of debris from the aircraft eventually came ashore
18

.  

The first item was the right wing flaperon recovered from Réunion on 29 July 2015.  

(Two witnesses claim the flaperon may have beached in early May
19

.)  Other items 

were found on the coast of Africa and nearby islands. 

                                                      
12

 MH370 Contrail Data and a New Route Fit, Ulich R, 16 April 2014.  
13

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, p117-118. 
14

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, p18-19. 
15

 Search operation for Malaysian airlines aircraft: Update 2, Australian Maritime Safety Authority, 

18 March 2014. 
16

 Prime Minister of Australia, Tony Abbott, Transcript of Press Conference, 28 April 2014. 
17

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, p19-35. 
18

 Summary of Possible MH370 Debris Recovered, Malaysian ICAO Annex 13 Safety Investigation Team 

for MH370, 30 April 2017. 
19

 The Telegraph on-line, 1 Aug 2015, 

http://www.telegraph.co.uk/news/worldnews/mh370/11777921/MH370-Plane-seat-found-washed-up-

on-Reunion-Island-three-months-ago.html. 
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Of 27 items catalogued, 12 were from the right side, 3 from the left side, and 12 were 

of unknown lateral disposition.  The only parts for which both right and left side 

examples were found were from the 'Fixed Panels forward of the Flaperon'. 

Beaches in Australia were searched, but the debris that was recovered was not found 

to be relevant
20

.  

Extensive modelling and experimental work was done in an attempt to narrow the 

search for the point of impact
21

.  The non-arrival of debris on the coast of Australia and 

the time of arrival of debris on the western shores of the Indian Ocean provided 

boundary conditions for the model.  Trajectories for a flaperon originating between 

28°S and 41°S were investigated. 

In addition, the investigators rated the efficacy of the surface search, for three classes 

of debris, for latitudes from 22°S to 42°S along the Inmarsat 7th arc (§2.5 below), with 

a pixel size of approximately 47 km (longitude) by 37 km (latitude).  (See Figures 1 

and 2.) 

 

Figure 1 Credit: CSIRO Oceans and Atmosphere Figure 2 Credit: CSIRO Oceans and Atmosphere 

The drift analysis shows that the surface search for debris was not fully effective 

between 23°S and 26°S, and south of 32°S.  The latter sector was covered by the 

subsequent sea floor search (§2.7 below). 

2.5 Inmarsat satellite communications 

Automatic data transmissions were made by the aircraft using the Inmarsat satellite 

communication system
22

.  The last data transmission was received at 01:07:29.  There 

was then silence on the satcom link until the aircraft system initiated a logon at 

02:25:27 i.e. about 65 minutes after the observed turn-back.  Subsequently, there 

                                                      
20

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, p107-112. 
21

 Griffin D, Oke P, and Jones E, The search for MH370 and ocean surface drift – Part II, CSIRO Oceans 

and Atmosphere, report EP172633 13 April 2017. 
22

 Factual Information, Malaysian ICAO Annex 13 Safety Investigation Team for MH370, 8 March 2015, 

section 1.9.5. 
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were regular Log-on Interrogation messages exchanged with the aircraft, culminating 

in another logon by the aircraft at 08:19:29
23

. 

Each exchange with the aircraft created a measurable Burst Timing Offset and Burst 

Frequency Offset, from which the distance of the aircraft from the sub-satellite point 

and its relative velocity could be deduced.  The distances from the sub-satellite point 

were calculated for a nominal aircraft altitude of 10 km, thus defining the radii of the 

"arcs" which were crossed at the relevant moments. 

The "7th arc" for 08:19 appeared to have been triggered by fuel exhaustion, and the 

data indicate the aircraft was descending
24

.  Following detailed analysis, it was 

concluded there was a high probability the flight terminated in close proximity to the 

7th arc, and this conclusion formed the basis for search activity from the end of March 

2014. 

Further refinement confirmed that a high and increasing rate of descent was indicated 

around 08:19
25

. 

2.6 Signals from flight recorder beacons 

Two recorders were carried by 9M-MRO - a Flight Data Recorder (FDR) and a Cockpit 

Voice Recorder (CVR)
26

.  Both were mounted above the ceiling of the aft cabin, and 

were fitted with Underwater Locator Beacons (ULBs) transmitting at 37.5 kHz ± 1 kHz.  

The pulse length was about 10 ms, repeating every second.  The nominal ULB battery 

life was 30 days, but the battery in the FDR had passed its expiry date, which might 

have affected its life and performance. 

The CVR had a recording time of 2 h, so in the circumstances of this accident, 

recordings from the critical time could be over-written, with the loss of any useful 

information.  However, recordings might have been preserved if the power supply was 

disrupted.  The FDR had the capacity to record information for the whole of the flight. 

On 2 April 2014, HMS Echo, reported a possible ULB detection using a hull-mounted 

detector near 21.5°S 104°E.  However, following tests, this was discounted as an 

artefact of the equipment used
27

. 

A sub-surface search for emissions from the recorder "pingers" started on 

4 April 2014
28

, using a Towed Pinger Locator (TPL) from the United States Navy on 

Australian Defence Vessel Ocean Shield, and a similar capability on HMS Echo.  The 

operating depth of the detectors was 3000 m and below. 

On 4 April 2014, the Chinese Maritime Safety Administration ship Haixun 01 detected 

acoustic pulses of the relevant type in a water depth of 4500 m, at around 25°S 101°E.  

A second detection was made the next day, 3 km to the west. 

                                                      
23

 Ashton C, Bruce A, Colledge G, and Dickinson M, The Search for MH370, The Journal of Navigation 

(2015), 68, p1–22. 
24

 MH370 – Flight Path Analysis Update, 8 October 2014, Australian Transport Safety Bureau, p8. 
25

 MH370 – Search and debris examination update, 2 November 2016, Australian Transport Safety 

Bureau, p13. 
26

 Malaysian ICAO Annex 13 Safety Investigation Team for MH370, Factual Information, 8 March 2015, 

section 1.11 
27

 MH370 – Definition of Underwater Search Areas, Australian Transport Safety Bureau, 26 June 2014, 

p11 
28

 Press release, Australian Maritime Safety Authority, 4 April 2014 
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Also on 4 April, signals were detected by ADV Ocean Shield near 21°S 104°E on two 

occasions, and twice more on 8 April 2014.  The signals were clear and very stable, 

with a frequency of 33.331 kHz and consistent repetition at a 1.106 s interval.  Analysts 

believed the signals "to be consistent with the specification and description of a Flight 

Data Recorder
29

."  The analysis was done by the Australian Joint Acoustic Centre, a 

centre of excellence in the Royal Australian Navy, who did a direct comparison 

between one of the detections and a locator beacon, and reported, "The 

characteristics of the pulsing were identical".
30

 

No more relevant signals were heard, and after a final attempt on 14 April, 38 days 

after the accident, the search was terminated because the beacon batteries would 

have expired, and the use of active sonar was considered to be more productive (see 

§2.7 below). 

A later report on these detections was more sceptical about their origin, concluding 

that the signals were not consistent with the nominal performance standards of the 

flight recorder beacons, although, whilst unlikely, the acoustic signals could be 

consistent with a damaged ULB
31

. 

Similarly, the detections by Haixun 01 were dismissed.  HMS Echo tried to repeat them 

on 8 April, without success, and considered the original observations were unlikely to 

be relevant due to the ocean depth, surface noise, and the equipment used, which had 

a quoted practical ULB detection range of 2000 m. 

Military sonobuoys, modified for the ULB frequency, were deployed from 6 to 16 April 

2014 at a depth of about 300 m.  No relevant detections were made. 

2.7 Imaging of the sea floor by sonar 

With the ending of attempts to locate emissions from the flight recorder beacons, an 

Autonomous Underwater Vehicle was deployed for the first time on 14 April 2014.  

The intention was to create high resolution, three-dimensional images of the sea floor 

using side scan sonar pulses, to detect any debris from the aircraft.  An area of 40 km
2
 

could be covered in a mission which would take at least 24 h
32

. 

The survey was completed on 28 May 2014, after 30 missions to depths between 3800 

and 5000 m.  The area searched totalled 860 km
2
, in which nothing of interest was 

discovered.  The Australian Transport Safety Bureau considered that searches in the 

vicinity of the ADV Ocean Shield detections were complete, and the area could be 

discounted
33

. 

Termination of this activity coincided with the announcement of a much more 

intensive sea floor survey.  In preparation, a bathymetric survey was started in June 

2014 using hull-mounted multi-beam sonar systems.  From late 2014 until 

17 January 2017, deep-tow side-scan sonar operations were conducted adjacent to the 

7th arc between latitudes 32.8°S and 39°S.  These were supplemented by Autonomous 

                                                      
29

 Air Chief Marshal Angus Houston (Ret'd), Press Conference, 9 April 2014 
30

 Air Chief Marshal Angus Houston (Ret'd), Press Conference, 28 April 2014 
31

MH370 – Definition of Underwater Search Areas, Australian Transport Safety Bureau, 26 June 2014, 

p13 
32

 Air Chief Marshal Angus Houston (Ret'd), Press Conference, 23 April 2014 
33

 MH370 – Definition of Underwater Search Areas, Australian Transport Safety Bureau, 

26 June 2014, p14 and Fig 14. 
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Underwater Vehicles to fill in any gaps, and Remotely Operated Vehicles to inspect 

features of interest
34,35

. 

An area of 120000 km² was searched, with a confidence level over 95%, but no 

relevant debris was discovered.  The search was then suspended
36

. 

2.8 Hydro-acoustic monitoring 

A further source of potential information was provided by the routine monitoring of 

low frequency sounds in the waters of the Indian Ocean.  The implosion of wreckage 

from 9M-MRO was considered likely to generate detectable noise. 

A clear acoustic signal was detected just after 09:30 on 8 March 2014 by a passive 

sensor forming part of the Australian Integrated Marine Observing System, 40 km west 

of Rottnest Island near Perth Canyon
37

.  This led to a close examination of traces from 

the three hydrophones of the United Nations’ Comprehensive Nuclear-Test-Ban Treaty 

Organisation's station HA01, 100 km off Cape Leeuwin.  These gave a precise bearing, 

showing the signal came from a point on a bearing of 301.6° ± 0.75° 
38

.  It was 

considered probable the detections were for the same event, and the timings 

suggested a likely origin on the Chagos-Laccadive Ridge about 5500 km from Cape 

Leeuwin
39

. 

At the beginning of September 2014, recordings from another passive sensor were 

found to include a strong, complex signal that correlated with the Rottnest and Cape 

Leeuwin signals.  This sensor was at Scott Reef, off northern Western Australia
40

. 

The arrival time difference was about 2 min, allowing a more accurate determination 

of the source.  This indicated a position close to the geologically-active Carlsberg Ridge, 

west of the Chagos-Laccadive Ridge and south-west of India
41

, some 6700 km away 

and with a path-length difference of about 2½%. 

Another Comprehensive Nuclear-Test-Ban Treaty Organisation hydro-acoustic station 

(HA08) was installed near Diego Garcia, but "The data were too polluted by noises 

from seismic surveys"
42

. 

3. Other flights lost at sea 

3.1 SA295 Indian Ocean 28 November 1987 

The Boeing 747 Combi, of South African Airways, crashed due to a major fire in the aft 

main deck cargo compartment.
43

 

                                                      
34

 MH370 – First Principles Review, Australian Transport Safety Bureau, 2-4 November 2016, p7-14. 
35

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, p43-97. 
36

 MH370 Tripartite Joint Communiqué, 17 January 2017. 
37

 Media release, Curtin University, 4 June 2014. 
38

 MH370 – Definition of Underwater Search Areas, Australian Transport Safety Bureau, 26 June 2014, 

p40 and Appendix B: Hydrophones – Curtin University Executive Summary. 
39

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, Appendix H: 

Curtin University report 23 June 2014. 
40

 The Operational Search for MH370, Australian Transport Safety Bureau, 3 October 2017, Appendix I: 

Curtin University report 4 Sept 2014. 
41

 http://news.curtin.edu.au/rdnow/stories/listening-clues/ 10 December 2014. 
42

 http://www.nature.com/news/sound-clue-in-hunt-for-mh370-1.15390. 
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Floating debris was located 12 h after the crash, and consisted mainly of articles of 

light cargo, cabin panelling, cabin furnishing and escape slides or rafts.  Items 

recovered included parts of wing secondary structures, such as pieces of access panels, 

wing leading edges, flaps and ailerons, two rearward-facing attendants' folding seats, 

three slide/rafts, and one off-wing slide. 

Some floating wreckage washed ashore on Mauritius, Madagascar, and even Natal, 

over 3000 km away, "months later". 

An unsuccessful search for signals from the flight recorder ULBs was made by 3 ships 

from 11 December to 2 January 1988, and the recorders were never recovered. 

Some light debris was seen on the sea-bed during an underwater survey carried out 

from 12 to 21 December 1987. 

A survey using side-scan sonar equipment started on 25 January 1988. The main 

wreckage field was found 3 days later, at a depth of 4400 m.  The wreckage was 

dispersed in two oblong areas, elongated in the estimated direction of the ocean 

current.  The north-eastern area, 900 m long and 450 m wide, contained debris from 

the aft section - about 70% of the structure, the horizontal and vertical stabilizers, and 

numerous items of main deck cargo.  The south-western area contained debris from 

the wing and forward fuselage - 3 of the 4 engines, landing gear, and numerous 

structure fragments.  A further zone of light wreckage lay 2.4 km to the north-west. 

There was no conclusion as to whether the major break in the fuselage had occurred 

before or after impact.  The right wing had entered the water perpendicular to the 

surface, with little forward speed and with insignificant rotation of the engines.  

However, this was not thought necessarily to have been the primary impact if the 

aircraft had bounced and tumbled. 

The mass of the aircraft was estimated to be 243 t, including some 24 t of remaining 

fuel. 

3.2 AF447 Atlantic Ocean 1 June 2009 

The Airbus A330, of Air France, crashed due to loss of control following transient icing 

of the airspeed sensors.
44

 

Floating debris was found on 6 June and recovery continued until 26 June.  Some items 

had floated 350 km from the crash site.  Most were of low-density honeycomb or 

composite material, but parts recovered included the complete fin, both elevators, 

wing trailing edge components, the nose radome, and fragments of the engine 

cowlings. 

A search for beacon sounds from the flight recorders was made by two Towed Pinger 

Locators.  Despite passing close to the wreck location on two occasions, no detections 

were made. 

An unsuccessful search of 1100 km
2
 was made between 27 July and 17 August 2009 

with scanning sonar.  A further unsuccessful search covering 6300 km² was made in 

2010. 

                                                                                                                                                            
43

 Report of the Board of Enquiry into the Helderberg Air Disaster, Republic of South Africa, 

14 May 1990. 
44

 Final Report on the accident on 1st June 2009 to the Airbus A330-203 registered F-GZCP, Bureau 

d’Enquêtes et d’Analyses, 27 July 2012. 
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Wreckage on the sea floor was located eventually on 2 April 2011, at a depth of 

3900 m, dispersed over an area about 600 m long and 200 m wide.  Dense material 

was at one end of the rectangle, lighter material at the other.  One fuselage panel was 

found 2 km away.  The debris was highly fragmented.  Both wings had multiple ripped 

openings, and the centre section was broken up.  About 1000 parts were retrieved in 

total. 

The two flight recorders were recovered on 1 and 2 May 2011. 

It was concluded the aircraft was largely level when it hit the sea with a high vertical 

speed.  (The last known vertical speed was 55 m/s.) 

The mass at impact was calculated to be 205.5 t, including more than 43 t of fuel. 

3.3 AAR991 East China Sea 28 July 2011 

The Boeing 747 Freighter, of Asiana Airlines, crashed due to a major fire in the aft part 

of the cargo deck.
45

 

Floating debris was spotted 2½ h after the first emergency message from the aircraft.  

869 pieces of floating debris were recovered, and grouped into about 60 categories. 

An initial search for signals from the two flight recorders continued till 4 August.  A 

second phase lasted from 10 August to 14 August 2011, covering an area 14.4 km in 

width by 66 km in length, using five detectors. 

From 16 August until 20 August 2011, an enlarged area was searched in a third phase, 

with the interval between listening points reduced to 500 m.  A fourth phase lasted 

until 27 August, and covered an area that was extended to cover the possibility the 

recorders fell from the aircraft at altitude, and to allow for strong winds.  None of 

these searches detected any signals from the recorder Underwater Locator Beacons. 

Four days after the accident, side-scan sonar confirmed that the sunken wreckage was 

widely scattered at a depth of about 85 m.  The debris field measured about 3 km by 

4 km.  On 17 August, the tail section was located, but the two flight recorders were not 

found.  Recovery of debris from the sea floor was suspended between November 2011 

and March 2012 due to fast currents and strong winds.  From 10 May to 10 June 2012, 

3421 pieces of debris were recovered, bringing the total to an estimated 40% of the 

aircraft skin and 15% of the cargo. 

Only the chassis of one flight recorder was ever recovered. 

Simulation modelling of the cargo fire was carried out by Hanseo University using the 

Fire Dynamics Simulator v5 model. 

Examination of the wreckage showed that the cargo fire led to an explosion which 

embedded cargo debris in the wing surfaces 30 m away.  The fuselage disintegrated 

while the aircraft was at around 4000 m altitude. 

The mass of the aircraft when it broke up was about 258 t, including about 33 t of fuel. 

                                                      
45

 Crash Into The Sea After An In-Flight Fire Asiana Airlines Boeing 747-400F HL7604, Report ARAIB/AAR-

1105, Republic of Korea Aircraft and Railway Accident Investigation Board, 24 July 2015. 
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4. Discussion 

4.1 Extraction of further information from observations 

It seems the flight was observed by military radar, and possibly satellites, at various 

stages of the flight.  The reluctance to release unprocessed data is understandable, but 

this prevents independent review aimed at ensuring all possible deductions have been 

captured.  In particular, the assumption the aircraft flew at constant heading and 

altitude between controlled turns (see §2.2 above) increases the possibility that erratic 

or unexpected tracks might have been disregarded.  

If the crew became unable to control the aircraft, and the autopilot was inoperative, 

flight might have continued with intermittent intervention of the envelope protection 

function built into the fly-by-wire control system
46

. 

Instability about the roll axis would be countered by the bank angle protection 

function.  The resultant flight-path could appear to meander, with lateral oscillation or 

prolonged curvature, depending on the roll rate between protection interventions. 

In the vertical plane, cyclic fluctuation of angle of attack, altitude, and speed would be 

expected, causing intermittent activation of the overspeed and stall protection 

functions. 

The situation would be made more complicated by possible coupling between the 

lateral and vertical modes, and by the change in weight as fuel was burnt off.  Despite 

the complexity, analysis might be able to identify and characterise different phases of 

uncontrolled flight. 

Possible trajectories could be made available to specialists, with clearance to work in a 

confidential environment, so that all available surveillance data could be reviewed for 

possible tracks that were other than straight. 

Similarly, there may well be witnesses who observed an erratic aircraft but did not 

associate it with the missing flight MH370.  There are also people who claimed to have 

seen the aircraft, but whose testimony has not been heard under controlled 

conditions
47

.  While evaluation of witness reports would not normally be published 

during the course of an investigation, engagement with the public requires a limited 

release of information.  A listing of claimed sightings with an indication of their 

relevance would stimulate interest.  

4.2 Validation of the Inmarsat deductions 

From the end of March 2014, the search for Flight MH370 has depended on the 

detailed analysis carried out by Inmarsat.  Without the prediction that the wreckage of 

9M-MRO lay close to the 7th arc, any search of the sea floor would be impracticable. 

The method and conclusions have been published and scrutinised, yet, given the 

importance of the Inmarsat analysis, it would be appropriate to have a thorough 

independent review, aimed at confirming the reliability and the magnitude of any 

systematic or random uncertainties. 
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4.3 Detection of flight recorder beacons 

The ULBs attached to flight recorders seem to have been of little use in previous 

incidents because of the inadequate life of their batteries and the sensitivity required 

to detect their signals.  

In the present case, the two groups of claimed detections were over 500 km apart.  

Although there were two recorder ULBs on the aircraft, it appears highly unlikely that 

they could have been separated by this distance.  At best, only one group of contacts 

could be relevant to 9M-MRO. 

The pulses detected by Ocean Shield gave every indication of being from a beacon, yet 

the measured frequency was incorrect.  The sea floor search found nothing, so it is not 

impossible the signals came from a beacon that had been abandoned by divers in the 

area.  From the reports, the search would appear to have been properly prosecuted, 

with little reason to dispute the conclusion to discount the area near 21°S 104°E. 

There is not the same clarity about the detections near 25°S 101°E.  The techniques 

used aboard Haixun 01 were criticized at the time, but there has not been an objective 

report or assessment.  Possibly the sea-bed topography near the Batavia Seamount, 

and ocean currents, provided abnormally favourable conditions.  Despite the poor 

success of recorder ULBs in the past, it may be that discounting the Haixun 01 

detections was unwarranted. 

It appears that acoustic data were not recorded, so re-analysis is not possible
48

. 

4.4 The search for floating debris 

Only a small fraction of the total aircraft has been recovered.  The interval of 

16 months between the crash and the first discovery introduces considerable 

uncertainty.  The quantity of rubbish floating in the oceans also makes it difficult to 

identify aircraft debris. 

Many items will have become waterlogged and sunk; others may lie unrecognised on 

beaches around the Indian Ocean.  Debris that remains afloat could be entrained in the 

Agulhas Current off the coast of southern Africa, and then carried around the Indian 

Ocean Gyre with the prospect of beaching in years to come. 

The search for debris is open to a number of criticisms.  Firstly, in the weeks following 

the loss, numerous sightings of floating debris, from aircraft and from satellite images, 

were reported.  No database of these observations has been published by the 

investigators. 

Secondly, shorelines have not been searched in an organised and systematic way.  This 

means that the times-of-arrival of items are imprecise, and a false impression might 

have been created of the debris distribution. 

Thirdly, the drift trajectories simulated by the Australian CSIRO were restricted to 

points of origin south of 22°S, so conclusions as to the origin of the debris could be 

misleading. 

4.5 Interpretation of hydro-acoustic events 

Although the crash of 9M-MRO would have been a high-energy event, it seems this 

would not have been detectable by hydrophones at any distance.  However, any 
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implosion of fuel tanks and other voids, as the debris sank, is more likely to have 

entered the Sound Fixing and Ranging Channel, SOFAR, which is typically at a depth of 

about 1000 m
49

.  In this layer, the passage of sound is slower but particularly efficient, 

enabling events to be heard and detected at great distances
50

. 

The energy released in an implosion depends on the volume of trapped air that is 

suddenly released.  It would appear that if the engines and parts of the front and rear 

fuselage detached on impact, the wing box structure would have plenty of buoyancy to 

allow the wing and centre fuselage to float until some air had been displaced from the 

fuel tanks.  The voids and tanks would need to be flooded by perhaps 100 t of water 

before the central section would sink, still leaving 75 cu m of air trapped inside. 

This scenario presupposes that the wing box remained largely intact on impact.  There 

are no precedents for the crash of a wide-body airliner into the sea with empty fuel 

tanks.  The flat impact experienced by AF477 (see §3.2 above) caused fragmentation of 

the airframe, but that aircraft was under control at the time.  In the absence of control, 

it seems reasonable to suppose the aircraft would be banked and side-slipping, and 

entry into the water might be less disruptive.  Although there is a preponderance of 

fragments from one side of the aircraft (see §2.4 above), this evidence is insufficient to 

infer a sideways impact because of the small number of fragments recovered. 

If the noise detected by HA01 had come from a point on the Inmarsat 7th arc, about 

1550 km from Cape Leeuwin, it would have taken over 17 min for the sound to reach 

the detector.  Thus, for it to have been an implosion event associated with 9M-MRO, 

the wing and central fuselage section would need to have taken 57 minutes to sink to a 

depth at which it was crushed.   This cannot be accepted as plausible without detailed 

modelling, and without re-interpretation of the data from Scott Reef, whose timing 

would be 11 minutes in error. 

Also, the supposed seismic origin of the acoustic event would need to be discounted.  

A tremor near the Carlsberg Ridge should have been registered both by HA08 (which 

was relatively close) and many other monitoring stations and seismic survey vessels.  It 

is surprising the investigators have not reported cross-checking the theory with the 

many sources available. 

4.6 7th Arc around 26°°°°S 

 Several indications make the area around 26°S of interest.  The efficacy of the search 

for floating debris was low, and sea floor surveys were not done between 32.8°S and 

nearly 21°S.  The bearing of the acoustic event studied by Curtin University crosses the 

Inmarsat 7th arc here, and the Haixun 01 detections were nearby (see Figure 3). 

However, the Haixun 01 detections were outside the expected zones of 30 km from 

the 7th arc and 20 km of the hydro-acoustic bearing.  The sea floor topography is not 

known accurately, and could conceivably disturb the propagation of underwater 

sounds. 

If the underwater event detected by Curtin University were to be re-assessed as 

relevant, then a sea floor search would be justified, starting from the intersection of 
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the bearing with the 7th Arc.  Development of the search could be guided by better 

understanding of the topography, the Haixun 01 detections, and the efficacy of the 

early searches for floating debris. 

 

Figure 3 

5. Conclusions 

The search for the missing Malaysian airliner 9M-MRO is unprecedented.  The Indian 

Ocean is so vast that it is difficult to disagree with the decision to suspend the sea floor 

search until further evidence comes to light. 

However, appraisal of the search methodology suggests there are avenues of enquiry 

and analysis that have been omitted in the determination to press ahead with the sea 

floor search. 

Further detailed analytical work and a systematic approach to gathering further 

evidence could still provide a lead that would justify resumption of the sea floor 

search. 

6. Recommendations 

1. The way in which the aircraft might fly if there was impaired control should be 

modelled and publicised to anyone who might hold tracking data or might have 

observed it (§4.1 above). 

2. Military bodies that might hold tracking data should be requested to carry out 

internal reviews to check for unexpected or erratic tracks as well as those that conform 

with the "straight line" hypothesis (§4.1 above). 

3. An appeal should be made for witnesses who might have seen the aircraft from the 

ground or from ships (§4.1 above). 

4. All prospective witnesses should be interviewed in an objective and empathetic 

way to allow their testimony to be fully understood, and validated or discounted (§4.1 

above). 

5. An independent review should be commissioned of the Inmarsat satcom analysis, 

with particular emphasis on quantifying any uncertainties in the method (§4.2 above).  

A Chinese institute might be an appropriate body to carry out such a review.  
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6. The Chinese Maritime Safety Administration should provide an objective account 

and assessment of the ULB detections reported by the ship Haixun 01 (§4.3 above). 

7. Further searches should be organised of areas where there is any possibility that 

debris might have washed ashore (§4.4 above). 

8. All sightings of floating and beached debris should be recorded, evaluated, and 

published in a systematic way (§4.4 above).  

9. The prediction of drift paths of floating debris should be extended to include debris 

originating north of 22°S (§4.4 above). 

10. An analysis should be carried out to determine the possible damage to the 

aircraft's fuel tanks and other voids upon impact, how long wreckage might have 

floated, at what depth implosion would have occurred, and whether this would have 

liberated sufficient energy to be detected 1550 km away (§4.5 above). 

11. The correlation and timing of the hydro-acoustic recordings should be reviewed to 

confirm the reported event was of natural origin, and to see if any other events of 

interest could be extracted (§4.5 above). 

12. Seismic records from monitoring stations and survey ships should be examined to 

confirm the origin of the reported event near the Carlsberg Ridge (§4.5 above). 

13. A sea floor search near 26°S on the 7th Arc would be justified if any of the other 

discussed actions produced a supportive result. 


