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About the Transport Accident Investigation Commission 

The Transport Accident Investigation Commission (Commission) is a standing commission of 

inquiry and an independent Crown entity responsible for inquiring into maritime, aviation and 

rail accidents and incidents for New Zealand, and co-ordinating and co-operating with other 

accident investigation organisations overseas. 

The principal purpose of its inquiries is to determine the circumstances and causes of 

occurrences with a view to avoiding similar occurrences in the future. It is not the 

Commission’s purpose to ascribe blame to any person or agency or to pursue (or to assist an 

agency to pursue) criminal, civil or regulatory action against a person or agency. However, the 

Commission will not refrain from fully reporting on the circumstances and factors contributing 

to an occurrence because fault or liability may be inferred from the findings. 
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1. Executive summary 

What happened 

1.1. On 21 July 2018, a Robinson Helicopter Company R44 helicopter, registered ZK-HTB, was 

en route from Wanaka to Upper Estuary Burn Valley when it suddenly departed 

controlled fight and crashed into Lake Wanaka, killing the pilot who was the sole 

occupant. 

Why it happened 

1.2. The Transport Accident Investigation Commission (Commission) found that the 

helicopter was likely to have encountered unexpected turbulence of a magnitude 

sufficient to result ultimately in the in-flight break-up of the helicopter. 

1.3. The Commission also found that the helicopter’s speed at the last position report likely 

increased the risk of an adverse outcome in the mountainous operating environment. 

1.4. The Commission further found that investigations into loss-of-control or mast bumping 

accidents involving Robinson Helicopter Company helicopters continue to be hampered 

by a lack of data. Allied with this is a lack of understanding of how the main rotor 

performs in adverse conditions. This lack of factual information has limited the 

effectiveness of safety investigations.  

What we can learn 

1.5. The R44 Pilot Operating Handbook used the non-standard term ‘significant’ to describe 

turbulence. The Commission found that the R44 Pilot Operating Handbook did not 

explain the meaning of this term. In June 2020, Robinson Helicopter Company amended 

Safety Notice 32: High Winds or Turbulence, contained within the R44 Pilot Operating 

Handbook, to define the term ‘significant’. The added definition aligned with 

commentary in a Robinson Helicopter Company safety video regarding Safety Notice 32.  

1.6. The key lesson from this inquiry is that pilots need to exercise caution when planning 

and conducting flights into areas of potential turbulence. Pilots should seek to avoid 

these situations. Should turbulence of any strength be encountered, pilots need to take 

immediate action to minimise its effects. Also, pilots of Robinson Helicopter Company 

helicopters need to be familiar with Safety Notice 32 and the associated video and avoid 

flying in high winds and turbulent conditions. 

Who may benefit 

1.7. Pilots, operators and all potential users of Robinson Helicopter Company helicopter 

types may benefit from the findings and lessons learned. 
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2. Factual information 

Narrative 

2.1. On the afternoon of 21 July 2018, a Robinson Helicopter Company (RHC) R44 helicopter, 

registered ZK-HTB (the helicopter), was made available by its owner for a private flight. 

The pilot was to fly from Wanaka Aerodrome to a lodge in the Upper Estuary Burn Valley 

on the northern shore of Lake Wanaka, a flight of 15-20 minutes. The pilot was to meet 

two friends, who were to arrive at the lodge on another helicopter from Queenstown a 

short time later.  

2.2. Earlier that day a second pilot had flown the helicopter, taking three passengers and 

their gear to the lodge. Two cargo pods, one on each side of the helicopter, had been 

fitted for the morning flight. The pod on the right side was removed after the helicopter 

was returned to its hangar at Wanaka.  

2.3. At 1230 closed-circuit television (CCTV) cameras recorded the pilot beginning the pre-

flight inspection1 before loading the helicopter in the hangar and taking it outside for 

refuelling. At 1245 the pilot started the helicopter, and while it was warming up loaded 

further items on board. Some of the items were seen on the CCTV footage to be placed 

in the back of the cabin, while others were placed in the cargo pod mounted on the left 

side of the helicopter.  

2.4. The pilot boarded the helicopter and at 1257:13 made a radio call on the local area 

frequency advising that the helicopter was lifting2 from the owner’s base. At 1257:38 the 

pilot radioed “taking off for Dublin Bay”, a prominent feature and reporting point about 

10 kilometres (km) north-west of Wanaka Aerodrome.  

2.5. The flight tracking system fitted to the helicopter made position reports every three 

minutes. The system transmitted its first in-flight report from the helicopter at 1300:25. It 

recorded the helicopter passing to the east of Albert Town, about halfway to Dublin Bay 

(see Figure 3). The helicopter was flying at an altitude3 of 1,772 feet (540 metres (m)), 

approximately 600 feet (180 m) above the ground, and at a groundspeed of 86 knots4 

(160 km per hour (km/h)).  

2.6. The next and last report, made at 1303:25, recorded the helicopter 500 m south of 

Stevensons Island. The helicopter was flying at an altitude of 1,454 feet (443 m) or about 

500 feet (152 m) above the lake, and at a groundspeed of 96 knots (178 km/h).  

2.7. At about 1308, a person responsible for maintaining ‘flight following’5 for the aircraft 

noted that nearly five minutes had elapsed since the last position report from the 

helicopter. The duty person refreshed the display and, with no update seen, initiated the 

‘aircraft overdue’ actions. The duty person tried calling the pilot several times but 

received no response. It was soon confirmed that the helicopter had not arrived at the 

lodge and it was then declared to be missing.  

 
1 An inspection of an aircraft before flight. 
2 Bringing the helicopter into a hover and taxiing for the runway. 
3 Above mean sea level. 
4 This is the groundspeed at the time of the report, not an average of the last two reports. A knot is a 

speed of one nautical mile per hour, equivalent to 1.85 kilometres per hour. 
5 Monitoring the progress of helicopters and ensuring they reached their destinations. 
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2.9. Additional helicopters soon arrived in the area and a search of the lake arm and 

Stevensons Island was undertaken. The only things of relevance found were some items 

washed ashore on Stevensons Island. These included pieces of the helicopter and cargo.  

2.10. Over the next two days searches using New Zealand Police sonar and a Royal New 

Zealand Navy (RNZN) remotely operated underwater vehicle confirmed the location of 

the helicopter. The deceased pilot and helicopter wreckage were recovered on the night 

of 23-24 July. 

Aircraft information 

2.11. ZK-HTB was an RHC R44 Raven II helicopter, manufactured in May 2006 and imported 

into New Zealand later that year. The helicopter had been purchased by the owner in 

March 2012 and re-registered as ZK-HTB. 

2.12. The R44 is a four-seat light helicopter, powered by a normally aspirated piston engine.6 

Hydraulically boosted main flight controls assist in reducing control forces and eliminate 

feedback from the controls to the pilot. The R44 is normally flown from the front-right 

seat, but control extensions can be fitted for the front-left seat to permit dual instruction. 

2.13. ZK-HTB had a certificate of airworthiness in the standard category. This was non-

terminating provided the helicopter was maintained and operated in accordance with 

the prescribed documents. The helicopter’s maintenance documents recorded that it had 

been maintained in accordance with the RHC maintenance schedule. 

2.14. In February 2018 a pilot had reported a main rotor blade, or blades, “going out of track 

intermittently”. The maintainer had undertaken maintenance actions, which included 

removing the main rotor blades and examining rotor head components. These were 

determined to be serviceable; however, some play or looseness was found in the pitch 

links.7 Both pitch link upper and lower rod ends were replaced, and the swashplate8 drive 

link was re-shimmed.9 A post-maintenance check flight was flown and the main rotor 

tracking and vibrations were determined to be within limits. No further main rotor 

tracking problems were reported. Several pilots who had flown the helicopter 

commented that the helicopter had not been as smooth to fly as the owner’s second 

R44. One pilot used the term “rougher”.  

2.15. The last maintenance check on the helicopter before the accident was a scheduled 100-

hour check of both the airframe and the engine; this was completed on 23 June 2018. 

The helicopter had flown a further 21 hours, accruing a total of 2,860 hours at the time of 

the accident. There had been no recorded or reported maintenance issues relevant to the 

accident flight. 

2.16. A second pilot had flown the helicopter on the morning of the accident. That pilot 

reported that the helicopter had been performing well, and while it had been “a little bit 

rough”10 there were no safety concerns.11 

 
6 Non-supercharged or turbocharged. 
7 The pitch links, one for each main rotor blade, control the pitch angle of the blades. 
8 A device mounted on the main rotor mast that translates flight control inputs into main rotor blade 

movement. 
9 Clearances were corrected using very thin spacers or wedges.  
10 The term “rough” was used to describe how the helicopter flew – that is, not as smooth as the owner’s 

second R44.  
11 The second pilot had flown R44 helicopters since about 2003 and was a qualified helicopter instructor. 
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Weight and balance 

2.17. The weight and balance of the helicopter at the time of the accident was calculated using 

an assumed fuel load of about 70% or 125 litres when departing Wanaka. This was based 

on the reported fuel load on completion of the morning flight and the known upload 

immediately before the accident flight. The cargo and its locations were determined from 

CCTV footage. The weight of the pilot, who was seated in the front-right seat, was 

obtained from medical records.  

2.18. The weight of the helicopter was estimated to be about 960 kilograms, 174 kilograms 

less than the maximum allowable weight of 1,134 kilograms. The longitudinal centre of 

gravity was estimated to be 2.55 m from the datum12, which was within the range of 

2.337-2.6 m allowed for the estimated weight.  

Site and wreckage information 

2.19. The wreckage was located on the lake floor approximately 500 m north-north-west of 

Stevensons Island at a depth of 47 m. Approximately 95% by weight of the helicopter 

was initially recovered and available for examination. The main items missing included 

the Perspex® windows, a section of the front-left door frame, sections of both landing 

skids, and the cargo pod (see Figure 4). Some of the cargo was also not recovered.  

2.20. The objects found on the island included items loaded into the cargo pod and rear of the 

helicopter at Wanaka, and two sections of main rotor blade. Several small pieces of 

cardboard were also found in thick bush 5-10 m in from the shore. These were identified 

as part of the cargo that was on board the helicopter. The found objects were distributed 

along about 95 m of the shoreline.  

2.21. As the helicopter was lifted to the surface, the tail section comprising the rear portion of 

the tail boom and the empennage13 was observed to be attached to the main wreckage 

by electrical cabling only. This section was secured and recovered separately. Fuel was 

drained from the helicopter after it was lifted onto a barge and in preparation for 

transportation. The quantity of fuel was estimated to be about half the capacity of the 

main tank, and matched the estimated fuel load with which the helicopter had departed 

Wanaka. 

 
12 The reference point about which centre of gravity calculations are performed. For the R44 helicopter, the 

datum is 100 inches (2.5 m) forward of the main rotor shaft centreline. 
13 The tail assembly, comprising horizontal and vertical stabilisers and the tail rotor.  
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was free to rotate. However, the 100-foot (30 m) and 1,000-foot (300 m) needles had 

seized at a reading of 1,510 feet (460 m).  

2.33. The altimeter was returned to the manufacturer in the United States to determine the 

validity of the reading. The manufacturer, under the supervision of two local Federal 

Aviation Administration (FAA) safety inspectors16, examined the altimeter and concluded 

in its report that: 

With a drastic impact to the top side of the altimeter, the linkage between the 

pressure sensing element and the top plate assembly (gear reduction 

mechanism) became disconnected. Based on the altimeter examination and 

discussion above, the altimeter was at 1,500 altitude when it received a 

momentary severe impact to the unit.  

Telecommunications information 

2.34. The helicopter was fitted with a cellphone mount and connection that allowed a pilot to 

talk through their headset ‘hands free’. The microphone automatically activated when 

the pilot spoke into it. There was no requirement to operate a switch. Any radio 

transmissions took priority and muted the cellphone. The mount was located to the right 

of the upper instrument console in front of the pilot’s seat.  

2.35. Cellphone records showed that on the accident flight the pilot initiated an international 

cellphone call at 1258:49. This was approximately one minute after departing Wanaka 

Aerodrome. The connection ended at 1304:16. The recipient of the call was unaware that 

the pilot was flying at the time, nor did the content of the call, or the unannounced 

termination of the call, raise any concerns with them. 

2.36. The telecommunications provider advised that the manner in which the call disconnected 

showed that neither the pilot nor the recipient deliberately terminated the connection by 

either pressing ‘END’ or hanging up a receiver. Rather, the signal between the pilot’s 

phone and the cell tower, through which it was connecting, was suddenly lost.  

2.37. Transport Accident Investigation Commission (Commission) investigators confirmed that 

cellphone coverage in the area of the accident site was good. However, although voice 

calls were still possible, signal strength did reduce when descending to lake level.  

Personnel information 

2.38. The pilot had begun pilot training in March 1999, initially flying aeroplanes and obtaining 

a private pilot licence (aeroplane) in January 2000. The pilot’s most recent biennial 

aeroplane flight review had been on 22 January 2017. The pilot had accrued a total of 

880 hours on aeroplanes at the time of the accident. 

2.39. The pilot had started formal helicopter training in September 2012, obtaining a private 

pilot licence (helicopter) on 12 November 2012. The pilot’s log book recorded a total of 

390 hours on helicopters leading up to the accident flight, including 375 hours on the 

R44 type of helicopter. The pilot’s last two-yearly RHC Safety Awareness Training 

refresher, which included classroom and flight training, had been conducted in 

conjunction with the biennial helicopter flight review on 5 October 2016. The person 

conducting the training reported that the training had included a review of RHC safety 

 
16 Acting on behalf of a National Transportation Safety Board (United States) accredited representative.  
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notices, and would have made reference to the associated safety videos. The training had 

identified no concerns. 

2.40. The pilot held a current ‘class 2’ medical certificate valid until 8 July 2019. The certificate 

contained no restrictions. The pilot’s latest aviation medical examination report and 

general practitioner files contained nothing of relevance. People who knew and saw the 

pilot on the day of the accident commented that they had had no concerns about the 

pilot’s health.  

2.41. The pilot’s helicopter log book recorded that the pilot had flown an R44 helicopter 

between Wanaka Aerodrome and the Upper Estuary Burn Valley area on nearly 370 

occasions. The pilot had also flown the same route numerous times in aeroplanes.  

2.42. The pilot’s autopsy results found that the pilot sustained high-energy impact injuries. 

Toxicology results were negative for any performance-impairing substances. 

Meteorological information 

2.43. A front was passing over the region at about the time of the accident. The MetService 

forecast for the Alpine Region, including Wanaka, was for west-north-west winds of 20-

25 knots (37-46 km/h), with the winds backing17 to become more westerly at higher 

altitudes. Moderate turbulence was predicted over most of the South Island with the 

passage of the front. 

2.44. The forecast for Wanaka Aerodrome, issued at 1116, predicted that between midday and 

midnight on 21 July the surface wind would be 310° true18 at 15 knots, gusting to 25 

knots (30-45 km/h), visibility of 20 km, with rain and scattered cloud19 at 3,000 feet (914 

m) above the aerodrome. Between 1200 and 1400, the wind was predicted to change to 

330° true at 25 knots, gusting to 35 knots (45-65 km/h) before easing back.  

2.45. An automated meteorological station at Wanaka Aerodrome recorded the local weather 

conditions every 30 minutes. The report issued at 1300 recorded the following 

information:  

• surface wind – 300° true at 8 knots (15 km/h), varying between 260° and 330° true 

• visibility – 20 km with rain present 

• cloud scattered at 3,300 feet (1,005 m), broken at 4,100 feet (1,249 m) and broken at 

5,000 feet (1,524 m) 

• temperature – 9° Celsius, dew point 5° Celsius 

• pressure – 997 hectopascals.  

The recorded conditions at 1230 were similar to the above. After 1330 the wind backed 

slightly to become more westerly, while the other conditions remained about the same. 

2.46. CCTV footage taken from cameras located in the Wanaka township and at the 

aerodrome recorded showers passing through the area (see Figure 7). The wind was 

generally from the north-west, sufficient to cause swells and occasionally produce 

significant whitecaps.  

 
17 Turning in an anti-clockwise direction. 
18 A bearing of 310° from true north. 
19 Cloud is measured in eighths or oktas, with scattered being 3-4 oktas and broken 5-7 oktas. 
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21-07-2018 0900 (for reference) 

 

21-07-2018 1230 

 

21-07-2018 1245 

 

21-07-2018 1300 

 

21-07-2018 1315 

 

21-07-2018 1330 

Figure 7: Still images from CCTV at Wanaka township overlooking Lake Wanaka 

(credit: Wanaka Tourism, modified by the Commission) 

2.47. Further weather information was obtained from multiple private weather-recording sites 

located about the Wanaka basin. The local topography resulted in significant variations 

in the recorded wind strength and direction between sites. However, the information 

showed that a generally light to moderate north-west wind prevailed over the lake and 

basin, the area in which the helicopter was flying, at about the time of the accident. 

2.48. A witness who resided on the northern outskirts of Wanaka saw the helicopter flying 

north past Albert Town towards Stevensons Arm. The witness described the conditions 

into which the helicopter was flying as windy and raining. The wind was reported to be 

possibly strong enough to cause whitecaps on the lake.  

2.49. The two pilots who were the first on the scene about 20 minutes after the accident 

occurred (see paragraph 2.8) reported encountering some turbulence while en route to 

Queenstown, described as “bumpy” but not severe. However, by the time they 

approached Lake Wanaka the conditions had eased. At Stevensons Island the wind was 
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assessed as being from the north-west at about 15 knots (30 km/h) on the lake surface, 

sufficient to produce the occasional whitecap. By the time the second helicopter arrived 

on the scene 10 minutes later, the conditions were such that the pilot of that helicopter 

easily saw the oil slick.  
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3. Analysis 

Introduction 

3.1. The pilot was on a flight between the helicopter owner’s base at Wanaka Aerodrome and 

a lodge in the Upper Estuary Burn Valley. When passing Stevensons Island the pilot 

encountered an unexpected and catastrophic event. The helicopter as a consequence fell 

uncontrollably into the lake, north of the island.  

3.2. The pilot was familiar with the route, having flown it regularly and often, including in 

weather conditions similar to those on the day of the accident. 

3.3. There were no witnesses to the accident and no in-flight recording of aircraft data or 

images. The Commission has discussed the safety issue of a lack of in-flight recording in 

previous investigations and made a recommendation to the Secretary of Transport on 

the matter (TAIC 2015).20 

3.4. The following section analyses the circumstances surrounding the occurrence to identify 

those factors, which increased the severity of its outcome. It also examines any safety 

issues, which have the potential to adversely affect future operations. 

Accident sequence 

3.5. The distribution of Perspex® and other small items where the helicopter was found and 

on the island, along the shoreline and several metres inland showed that the helicopter 

very likely broke up in flight. The spread of Perspex® in particular was indicative of the 

canopy being damaged in flight. The damage identified on the teeter stops also showed 

that the main rotor blade had teetered21 or swung beyond its limits and struck the teeter 

stops fixed to the main rotor shaft. The damage to one of the main rotor blades was 

consistent with it striking the canopy at this time. In addition, damage to the instrument 

panel and altimeter, and the missing vertical speed indicator, were consistent with the 

blade entering the cabin. The striking of the main rotor with the canopy was likely to 

have been the result of the main rotor blade flapping22 down at the front of the 

helicopter.  

3.6. The damage to the main rotor showed that it was likely to have stopped rotating just 

after this strike. This sudden stoppage of the main rotor and transmission almost 

certainly caused the torsional overload and subsequent failure of the tail rotor drive 

shaft. The evidence of low rotor RPM light illumination was also consistent with this 

sudden reduction in main rotor speed.  

3.7. Prior to the in-flight break-up, the satellite tracking data showed that the helicopter was 

in a steady cruise. The possible initiation events that resulted in this accident sequence 

are discussed below.  

 
20 Transport Accident Investigation Commission Final Report AO-2015-002: Mast bump and in-flight 

break-up, Robinson R44, ZK-IPY, Lochy River, near Queenstown, 19 February 2015. 
21 ‘Teetering’ is the see-saw movement of a two-blade rotor about the teeter bolt or centrally mounted 

rotor. 
22 (In the case of the Robinson main rotor system) the vertical movement of a blade about the coning 

and teeter bolts perpendicular to the blade span. 



 

Page 14 | Final Report AO-2018-006 

Initiation event 

3.8. The investigation considered several events that could have initiated the accident 

sequence. They were grouped into three categories:  

• mechanical failures – cargo pod, flight controls, engine, rotor system, fuel exhaustion 

• operational events – flight control interference, pilot medical event, bird strike, 

distraction  

• mast bumping23 events – low rotor RPM, abrupt control movements, low-G (low 

gravity)24, turbulence.  

3.9. All of these categories were considered in relation to the circumstances of the accident, 

and are discussed in the following sections.  

Mechanical or structural failure 

3.10. It was exceptionally unlikely that the cargo pod, located on the left side of the helicopter, 

came loose in flight and caused a loss of control. The pod was found on the lakebed 

within a few metres of the main wreckage. This, combined with damage to the front of 

the pod and its attachment fittings, confirms that the pod very likely separated as the 

helicopter struck the water nose-first. 

3.11. There was no evidence of a mechanical issue that might have contributed to the 

helicopter descending uncontrollably. The flight control systems were inspected and 

determined to have been intact before the helicopter departed controlled flight. There 

was sufficient fuel on board and the engine had been inspected and considered to be 

serviceable. Furthermore, the cellphone call by the pilot did not raise any concerns with 

the call recipient leading up to the helicopter departing controlled flight.  

3.12. A failure of a pitch link was unlikely to have initiated the accident sequence. Both pitch 

links were found to have failed; however, the failures were consistent with excessive 

blade flapping and striking either the cabin or water.  

3.13. The impact marks on the blade that struck the cabin started behind the leading-edge 

spar. This indicated the blade was still likely connected to the pitch link at the time of 

impact and flapped down excessively in a flat motion. The cabin may have also pitched 

nose-up coincident with the blade flapping down. 

Operational event 

3.14. It was considered unlikely that any of the items loaded on board the helicopter would 

have interfered with the flight controls. Most of the items were secured either in the 

cargo pod or in the back of the cabin. The second set of flight controls was not fitted and 

there was no indication from the cellphone call of the pilot having any concerns about 

items moving about in the cabin.  

3.15. There was no evidence of any pilot health issue that might have contributed to the 

accident. The pilot was reportedly in good health, both generally and on the morning of 

the accident. There was also nothing found of relevance in the autopsy or toxicology 

tests. 

 
23 An event that results from contact between an inner part of a main rotor blade or rotor hub and the main 

rotor shaft. 
24 (Sometimes called ‘reduced g’) an acceleration less than that due to the force of gravity. 
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3.16. There was no evidence to suggest that a bird strike occurred.  

Mast bumping event 

3.17. The term ‘mast bumping’ is associated with helicopters fitted with a ‘semi-rigid’ rotor 

head design, and describes the inboard end of a main rotor blade striking the main rotor 

shaft. This is caused by the main rotor hub swinging or teetering excessively about the 

teeter hinge (see Figure 5).  

3.18. The observed damage to the teeter stops in this accident indicated that mast bumping 

had occurred. The teeter stops were crushed through and both spindle tusks were bent 

downwards, which showed that the mast bumping was severe. However, evidence of 

mast bumping does not necessarily mean it was an initiator of an accident sequence. 

Mast bumping can, for example, occur as a result of a main rotor striking an object while 

still rotating.  

3.19. The difference between the angle of the main rotor disc25, when it was perpendicular to 

the mast, and the angle required to strike the cabin was calculated to be about 55°.26,27 In 

forward flight, the main rotor disc is tilted forward to propel the helicopter forward. A 

maximum allowable 10° downward movement of the blade about the coning and teeter 

hinges accounted for this tilting. The blades also coned or bent upward as a result of 

generating lift. Therefore, for the blade to strike the cabin, there needed to be significant 

additional tilting of the main rotor through a possible combination of the: 

• deflection of the main rotor gearbox mounts 

• distortion of the pitch link 

• crushing-through of the teeter stop 

• bending of the tusk 

• flexing down of the main rotor blade.  

3.20. There are four known factors that, singularly or in combination, can contribute to mast 

bumping and result in excessively large downward deflection of the blade. They are: 

• low main rotor speed 

• large, abrupt control movements by the pilot 

• low-G 

• turbulence.  

Each of these factors has been considered with respect to the circumstances of this 

accident and are discussed in the following sections.  

Low main rotor speed 

3.21. Low main rotor speed occurs when the power demanded exceeds the power available. 

This can occur while flying tight manoeuvres or lifting heavy loads. It can also occur 

 
25 The area swept by the main rotor blades each revolution. 
26 Depending on the pitch angle of the blade at the time it struck the canopy. 
27 Data provided by RHC. 
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when there is a power loss and a pilot does not lower the collective lever28 quickly 

enough to enter autorotation29 and maintain rotor speed.  

3.22. With reduced rotor speed, the blades deflect upwards. Unless immediately corrected, the 

rotor speed continues to decay and the blades continue to deflect up. If this situation 

continues, the blades stall and lift suddenly reduces.  

3.23. The upward deflection causes creases along the surfaces of the blades. The crease marks 

run chordwise30 from the leading edge of a blade to the trailing edge.  

3.24. In this accident there were no crease marks along the blades, so there was very likely no 

excessive deflection upwards of the blades. Similarly, there were no problems identified 

with the engine that would have prevented it operating. It was therefore exceptionally 

unlikely that the rotor speed reduced below the safe limit.  

Large, abrupt control movements by the pilot  

3.25. Any large and/or abrupt movement of the cyclic31 will cause the rotor disc to teeter. This 

has the effect of reducing the separation between the hub and the mast. A United States 

National Transportation Safety Board (NTSB) study of RHC R22 accidents involving a loss 

of main rotor control found that “large, abrupt control inputs can lead directly to mast 

bumping” (NTSB 1996). The R44 shares the same design features as the R22 and is 

therefore similarly susceptible to pilot-induced mast bumping.  

3.26. The flight-tracking report showed the pilot was maintaining a steady cruise as the 

helicopter approached Stevensons Island. The trapped altimeter reading closely matched 

the altitude recorded in the final position report. There was nothing reported by the 

recipient of the cellphone call to indicate the pilot was overly concerned or in trouble. 

The pilot was also current with the RHC Safety Awareness Training and would have likely 

been cognisant of the need to avoid any sudden and excessive control input. It was 

therefore considered unlikely that the pilot made a control movement that was not in 

response to an external event that would have resulted in the mast bump.  

Low-G 

3.27. Low-G is a situation when the occupants of an aircraft feel a sensation of reduced weight. 

Low-G can be induced by a pilot rapidly moving the cyclic forward. In a helicopter with a 

teetering rotor head, and because of the position of the helicopter’s centre of gravity and 

the tail rotor thrust line, a roll to the right can be induced if the pitch forward is strong 

enough and the tail rotor thrust line moves high enough.32 When unloaded, the rotor 

disc remains in the same plane of rotation, or slowly lags behind the right roll of the 

fuselage. In effect, the pilot experiences the helicopter starting to roll right, but the rotor 

disc may stay about level. If the pilot moves the cyclic left to counter the apparent roll, 

the angle between the rotor disc and the mast on the left side is reduced even further – 

possibly to the point where mast bumping occurs. 

 
28 A flight control located on a pilot’s left side that alters the collective pitch of the main rotor blades, 

and therefore the rotor thrust generated. 
29 A condition of flight when the main rotor system is driven by the flow of air up through the main rotor 

blades, instead of by the engine. 
30 The direction from the leading edge to the trailing edge of the airfoil. 
31 The cyclic (also called the cyclic control or cyclic stick) tilts the rotor disc in the direction the cyclic is 

moved, thereby moving the helicopter in that direction. 
32 For a main rotor, like that of the Robinson types, which turn anti-clockwise when viewed from above.  
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3.28. A higher power setting will result in more rotor torque being generated, requiring more 

tail rotor thrust to counter the torque effect. In addition, the faster the helicopter’s 

airspeed, the higher the tail rotor thrust line is in relation to the helicopter’s centre of 

gravity. The combination of high power and a high thrust line results in a faster roll in a 

low-G encounter.  

3.29. As discussed in the previous section, it was unlikely that the pilot initiated the accident 

sequence by applying a large, abrupt forward movement of the cyclic during the cruise 

phase of flight. However, the helicopter may have entered an area of severe turbulence 

that generated a low-G situation. This is discussed further in the following section.  

Turbulence 

3.30. Turbulence is an agitation of the air, resulting in changes in wind velocity (horizontal and 

vertical) that suddenly alter the flightpath of an aircraft. According to the International 

Civil Aviation Organization, turbulence is rated as light, moderate, severe or extreme, 

according to the effects on the aircraft and its occupants (see the glossary for a 

description of each category).  

3.31. Turbulence is a known contributor to mast bumping. Large, sudden upward or 

downward gusts can upset a helicopter and cause the blades to flap up or down 

excessively, or cause a low-G situation. Inappropriate or inadvertent pilot inputs or over-

controlling by the pilot can further exacerbate the effects of the turbulence. 

3.32. On the day of the accident, the meteorological forecast for the area that covered the 

accident location predicted moderate turbulence. Witness accounts, weather station 

records and CCTV recordings also confirmed that at about the time of the accident there 

was a north-westerly wind present in the area of the flight, which varied in strength from 

light to moderate and possibly stronger in places.  

3.33. Although a meteorological forecast provides a pilot with a forecast of the weather for a 

region, reports from other pilots who have been flying in the region also provide useful 

information for localised conditions.  

3.34. A second pilot had flown the same helicopter along the same route earlier that morning. 

This pilot described the weather conditions in the morning as a typical north-westerly 

day. The wind at Wanaka Aerodrome was 10-15 knots (20-30 km/h) with the occasional 

passing shower. The wind at the windiest portion of the flight reportedly increased to 30-

35 knots (55-65 km/h). While the second pilot observed whitecaps in Stevensons Arm, 

they did not recall any disturbances to the surface of the lake, which would normally 

indicate areas of strong downdraughts or turbulence.33  

3.35. The second pilot further commented that the weather changed significantly between the 

morning flight and the flight up Stevensons Arm about 20 minutes after the accident. 

The conditions changed from a strong north-westerly with little rain to a light wind with 

heavy rain. Pilots involved in the search reported that the weather continued to improve 

rapidly during the afternoon. These observations were consistent with the front passing 

through the region around the time of the accident.  

3.36. In addition, Stevensons Arm was known by local pilots as an area where strong, localised 

turbulence could be generated due to the surrounding terrain. They commented that 

this was especially so in north-westerly conditions, when the wind funnelled through the 

 
33 Termed by local pilots as ‘williwaws’, to describe a strong wind gust striking the water and blowing up 

spray.  
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saddle at the top of the arm and swirled around in the lee of the hills. The turbulence 

would generally increase with an approaching westerly front, and dissipate rapidly as the 

front passed. 

3.37. In the absence of any other initiating factors, the Commission considered that the 

helicopter was likely to have encountered severe or extreme turbulence during the 

accident flight. The Commission was unable to determine if a single turbulence event 

resulted in the immediate loss of control, or if the pilot’s response to the turbulence 

contributed to the loss of control.  

Flight planning  

3.38. The investigation examined several aspects of the planning of the flight. Good flight 

planning and decision-making involves examining all aspects of the planned flight, 

including the weather conditions and the limitations of the pilot and the aircraft, to 

determine whether the risks are acceptable.  

Meteorology  

3.39. A key aspect of good flight planning and decision-making involves obtaining weather 

information from various sources. This ensures that the pilot has a good mental picture 

of the weather throughout the flight.  

3.40. In the case of the accident flight, the forecast conditions and the observed conditions 

reported to the pilot showed a cold front was passing through the area. According to 

Meteorology for PPL Pilots Edition 2 201934:  

Cold fronts are most likely to produce thunderstorms and/or heavy showers 

because of their unstable nature. The poor weather associated with cold fronts 

generally lasts no more than 2 – 3 hours (although there are exceptions).  

3.41. In regards to turbulence, the Civil Aviation Authority of New Zealand’s (CAA’s) booklet, 

Good Aviation Practice: VFR Met, stated the following:  

Turbulence 

Review wind conditions for departure aerodrome, the cruise, and destination. You 

will also need a mental picture of vertical wind profiles, so you can select the best 

altitude(s) for cruise flight, the best flight path to mitigate turbulence, and to 

determine whether wind shear is present. 

Consider the wind direction and the effect terrain will have on the wind’s 

behaviour. A small angular change in the direction the wind is striking terrain can 

make a significant difference to turbulence, making it greater or lesser. Are the 

winds at departure and destination likely to be affected by a sea or land breeze? 

Also take into account surface heating leading to convective turbulence. This will 

be particularly noticeable on warmer days.  

3.42. The World Meteorological Organization’s Guide to Instruments and Methods of 

Observation35 stated that: 

 
34 https://about.metservice.com/assets/downloads/aviation/Meteorology-for-PPL-Pilots-Edition-2-2019-

13022019.pdf 
35 World Meteorological Organization Guide to Instruments and Methods of Observation, Part II,[see 

https://library.wmo.int/doc num.php?explnum id=4147] Chapter 3. Aircraft-based Observations, 2018. 
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Turbulence, especially clear-air turbulence (turbulence in the absence of clouds), is an 

important and potentially dangerous phenomenon in aviation. Although for routine 

commercial operations flight paths are designed to avoid turbulence inevitably, aircraft will 

experience unexpected bumpiness and the departure from normal level flight can be 

measured by the aircraft instrumentation.  

3.43. The guide went on to state that: 

“… the severity of turbulence affecting an aircraft depends principally on airspeed, the mass 

of the aircraft, the altitude and the nature of the turbulence itself.” 

3.44. Although the pilot had access to local-area forecast information, the mountainous 

environment in which the helicopter was being flown, local terrain and weather 

conditions meant the pilot’s knowledge of the flight route, local observations and reports 

from the other pilot would have provided more up-to-date and accurate sources of 

weather information. This is further reinforced in the CAA’s booklet, Good Aviation 

Practice, Mountain Flying, which states: 

All mountainous terrain can be subject to severe and rapidly changing weather 

conditions… because conditions can alter with subtle changes of wind strength 

and direction, it should be obvious that a watchful eye must be kept on the 

weather conditions, both at the flight planning stage and throughout the flight.  

3.45. The pilot was reportedly familiar with the weather conditions present in the Wanaka 

basin on the day. The pilot also had access to local observations. The second pilot, who 

had flown the helicopter in the morning, had also talked to the pilot before the flight. 

During that conversation neither pilot had raised any concerns about the helicopter, the 

flight or the weather conditions. This local information identified that the weather was 

above the minimum requirements for a visual flight rules flight.36  

Pilot  

3.46. The pilot had flown aeroplanes between 1999 and 2012 before beginning formal 

helicopter training. The pilot had accumulated more aeroplane flight hours than 

helicopter flight hours at the time of the accident. RHC had identified in the helicopter’s 

Pilot Operating Handbook that “airplane (aeroplane) pilots have a high risk when flying 

helicopters”.37 This was due to the ingrained reactions of flying an aeroplane, which if 

applied in a helicopter could result in its destruction. This was especially so in the use of 

the cyclic. However, the pilot’s most recent RHC Safety Awareness Training, which had 

been conducted in conjunction with the biennial helicopter flight review, had identified 

no concerns. In addition, an instructor who knew the pilot well reported that they 

believed the flight to be within the pilot’s capabilities. 

Helicopter  

3.47. The capabilities and limitations of an aircraft in the likely weather conditions should be 

considered when planning and conducting any flight.  

3.48. The RHC R44 helicopter had a teetering rotor design. In addition to the teetering design, 

the ‘tri-hinge’ rotor was unique to RHC helicopters. These design choices in RHC 

helicopters meant they were more susceptible to mast bumping conditions and less 

capable of operating in turbulence when compared to those with other rotor head 

designs. This required pilots of RHC helicopters to consider and monitor the likelihood of 

 
36 Flight in visual meteorological conditions (conditions in which flight solely by visual reference is possible). 
37 RHC Safety Notice SN-29, issued March 1993 and revised June 1994. 



 

Page 20 | Final Report AO-2018-006 

turbulent weather conditions much more closely than would be required when operating 

other helicopter types. 

3.49. This susceptibility to the effects of turbulence was also reflected in RHC documentation. 

The Pilot Operating Handbook for all RHC helicopters recommended that pilots reduce 

speed and use caution when flying solo or lightly loaded. It also recommended avoiding 

flying in high winds or turbulence. It was not clear whether this referred to all turbulence 

severities or severity above a specified level. (See paragraphs 3.61 and 3.72 for further 

discussion on this.) 

Decision to fly 

3.50. Pilots are responsible for decisions to conduct private flights, and must consider all the 

available information when making those decisions. As they are individual decisions, 

when presented with the same information one pilot may elect to fly where another may 

not. This can be a result of the pilot’s experience, their awareness of their own limitations 

or their risk tolerance. When making decisions to fly, pilots should always err on the side 

of caution.  

3.51. In this accident the pilot had collected the necessary information to make an informed 

decision on the conditions of the day. The weather conditions were above the minimum 

requirements to conduct the flight, but the passing cold front, wind, forecast turbulence 

and reduced visibility meant they were not ‘good’ flying conditions. This meant that the 

decision on whether to fly was ambiguous and required the pilot to exercise judgement 

based on the available weather information, their own knowledge and weather limits, 

and the capability of the helicopter.  

3.52. The pilot also had alternative means available to reach the destination had the flying 

conditions been deemed unsuitable. These arrangements had been used in the past and 

indicated that there was unlikely to have been a self-perceived pressure to conduct the 

flight.  

3.53. Although in hindsight the decision to fly appeared to have been incorrect, the 

Commission determined that it was about as likely as not that the decision to fly was 

appropriate based on the information available at the time the decision was made. 

In-flight decision-making 

3.54. Operating an aircraft requires the pilot to constantly anticipate and monitor the state of 

the aircraft and the environment in which it is operating. This ensures that appropriate 

and safe decisions are made to minimise the risk of adverse outcomes. This is especially 

so when the weather conditions are less than ‘good’. The investigation examined several 

aspects regarding the conduct of the flight.  

Distraction 

3.55. Any additional task has the potential to distract a pilot and draw their attention away 

from the primary responsibility of operating the aircraft safely. This is more likely during 

a period of high workload, for example when landing or during an emergency.  
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3.56. Cellphones, especially those connected to a pilot’s headset or helmet, are a common 

feature in aircraft flown by single pilots. They also have the potential to divert attention 

from activities necessary for safe operations.38  

3.57. During the accident flight the pilot made a call, but only after take-off and when clear of 

the Wanaka Aerodrome circuit area, which were critical phases of the flight. However, the 

timing of the cellphone disconnection indicated that the pilot was very likely still on the 

phone when the helicopter departed controlled flight. Although nothing in the cellphone 

conversation indicated the pilot was under stress or in any trouble, the call had the 

potential to be a distraction for the pilot.  

3.58. The Commission was unable to determine whether the distraction associated with using 

a cellphone contributed to the accident. However, pilots should ensure that 

communication and electronic devices are not used for purposes other than those 

intended to support their flights.  

Aircraft speed 

Safety issue: The use of ‘significant’ in describing turbulence in the R44 Pilot Operating Handbook 

was non-standard and not defined. This had the potential to create further ambiguity in assessing 

the severity of turbulence. 

3.59. The flight tracking data showed that the flight was proceeding as expected when 

approaching Stevensons Island. Taking into account the prevailing north-westerly wind 

conditions and the geography of Stevensons Arm, the recorded groundspeed of 96 

knots (178 km/h) at the second position report equated to an airspeed of 105-110 knots 

(195-200 km/h).  

3.60. The manufacturer of the cargo pods produced a pilot operating handbook supplement 

that stated that, with a cargo pod fitted, the maximum permitted airspeed was 115 knots 

(210 km/h).39 A placard beside the airspeed indicator in the helicopter read: DO NOT 

EXCEED 110 KIAS40 EXCEPT IN SMOOTH AIR. Therefore the 105-110 knot speed 

estimation is what would be expected in good conditions.  

3.61. The Pilot Operating Handbook recommended that pilots reduce airspeed to 60-70 knots 

(110-130 km/h) in significant turbulence. The term ‘significant’ was not defined in the 

handbook. An RHC educational video, produced in February 2017 in support of Safety 

Notice 32: High Winds or Turbulence (see 3.73), advised that the term ‘significant’ was 

used as this allowed a pilot to determine what was significant to them based on their 

experience and comfort level. In June 2020, RHC amended the R44 Pilot Operating 

Handbook to explain the term ‘significant’, which aligned with the commentary in the 

educational video. 

3.62. While the pilot would have likely had an indication of the weather conditions as the 

helicopter flew up Stevensons Arm, there were various pieces of information available 

indicating that flying close to the maximum permitted speed would have likely increased 

the risk of an adverse outcome. 

3.63. The helicopter was relatively light, which made it more susceptible to mast bumping in 

turbulence. The weather conditions were less than ideal and the helicopter was flying in a 

mountainous area that was known for localised turbulence. These factors should have 

 
38 NTSB Safety Alert 025 – May 2013, Rev. December 2015. 
39 The maximum permitted speed without a cargo pod fitted was 130 knots (240 km/h). 
40 KIAS – knots indicated airspeed. 
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been indicators that flying at close to the maximum permitted speed increased the risk 

of an adverse outcome. A high power setting would also have increased the risk. 

3.64. The cellphone call disconnected at 1304:16. This was 51 seconds after the last position 

report and when the helicopter was recorded as having a groundspeed of 96 knots (178 

km/h or 49 metres per second). At this speed the helicopter should have travelled 2.5 km 

from the last position report. However, the main wreckage was located 336 m short of 

this position.  

3.65. This disparity suggested that either the helicopter slowed after the last position report 

and the cellphone disconnected during the initial strike, or the cellphone remained 

connected until about the time the helicopter struck the surface of the lake. Both 

scenarios were considered plausible. 

3.66. To have travelled from the last reported position to the crash site, the pilot would have 

had to slow the helicopter from 96 knots (178 km/h) to as slow as an average of 82 knots 

(152 km/h).41 This reduction in average groundspeed could have been due to:  

• an increase in headwind as the helicopter faced more into the prevailing wind;  

• the helicopter slowing as a result of a levelling-off after descending about 300 feet (91 

m) from the earlier position report; or 

• the pilot slowing the helicopter to the recommended speed after the last position 

report in response to observed conditions.  

Mast bumping accidents 

Safety issue: The lack of reliable evidence on the initiating cause or causes of mast bumping 

occurrences continues to limit the effectiveness of safety investigations. 

3.67. In the 10 years preceding this accident, the Commission investigated five RHC helicopter 

accidents in the mountains involving mast bumping leading to in-flight break-ups.42 The 

CAA investigated one other.43 Turbulence was cited as a possible factor in five of the six 

accidents. In the sixth accident the weather conditions were reported as calm, with the 

potential for isolated turbulence being considered ‘about as likely as not’.  

3.68. All six accidents occurred while the helicopters were transiting between locations. The 

helicopters all weighed less than the maximum allowable weight at the time of the in-

flight break-ups, and in most cases they were significantly below the maximum weight 

limit.  

3.69. RHC has previously advised the Commission that pilot actions were most likely the 

primary reason for mast bumping accidents in New Zealand, by the pilots flying too fast 

for the conditions and/or reacting incorrectly to any helicopter upset.44 However, with no 

survivors or witnesses, it has been impossible to confirm or counter this assertion 

definitively.  

3.70. The Commission has previously identified the lack of evidence following an accident 

involving an RHC helicopter as a safety concern and made a recommendation on this 

 
41 Other variables include when in the sequence the cellphone disconnected and the distance the helicopter 

was thrown forward after the main blade strike. 
42 TAIC 2008, TAIC 2011, TAIC 2013, TAIC 2014, TAIC 2015. 
43 CAA 2012. 
44 TAIC 2015. 
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matter.45 Several parties, including RHC, are currently developing suitable recorders for 

installation on the various types of RHC helicopter.  

3.71. The Commission has also previously identified a lack of knowledge about the dynamic 

behaviour of two-bladed, teetering, underslung rotor systems and made a 

recommendation to the Federal Aviation Administration on the matter.46 RHC has 

advised the Commission that it is currently providing additional information to the 

University of Maryland as part of a study of the performance of the main rotor system.  

Training for RHC pilots in New Zealand flying conditions  

3.72. About 60% of New Zealand’s terrain and about 85% of the South Island’s terrain are 

designated as mountainous47, the rest being mostly undulating. Mechanical turbulence 

or turbulence generated by the movement of air over terrain is therefore a common 

feature of flying around the country at low levels. However, turbulence and its severity 

can be difficult to predict. Turbulence can modulate in strength rapidly and can be 

localised. Predictions of turbulence therefore need to be general and cautious. In 

addition to meteorological forecasts, pilots need to be aware of the potential for 

turbulence by looking for the cues that indicate turbulence might be present and 

adjusting their flightpaths to suit, or be prepared to land if necessary.  

3.73. The RHC Pilot Operating Handbook for the R44 contained a safety notice regarding 

flying in high winds and turbulence: 

   Safety Notice SN-32 

 Issued: Mar 1998 Revised: May 2013; Feb 2016 

 HIGH WINDS OR TURBULENCE 

Flying in high winds or turbulence should be avoided.* 

A pilot’s improper application of control inputs in response to turbulence 

can increase the likelihood of a mast bumping accident. If turbulence is 

encountered, the following procedures are recommended: 

1. Reduce power and use a slower than normal cruise speed. Mast 

bumping is less likely at lower airspeeds. 

2. For significant turbulence, reduce airspeed to 60 – 70 knots. 

3. Tighten seat belt and rest right forearm on right leg to minimize 

unintentional control inputs. Some pilots may choose to apply a small 

amount of cyclic friction to further minimize unintentional inputs. 

4. Do not overcontrol. Allow aircraft to go with the turbulence, then 

restore level flight with smooth, gentle control inputs. Momentary 

airspeed, heading, altitude, and RPM excursions are to be expected. 

5. Avoid flying on the downwind side of hills, ridges, or tall buildings 

where turbulence will likely be most severe.  

 
45 Transport Accident Investigation Commission, Final Report AO-2015-002: Mast bump and in-flight 

break-up, Robinson R44, ZK-IPY, Lochy River, near Queenstown, 19 February 2015, recommendations 

014/16 and 015/16. 
46 Transport Accident Investigation Commission Final Report AO-2013-003: Robinson R66, ZK-IHU, Mast 

bump and in-flight break-up, Kaweka Ranges, 9 March 2013, recommendation 005/16. 
47 Aeronautical Information Publication (AIP New Zealand), GEN3.3-17 and 3.3-18, effective 12 May 

2005. 
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The helicopter is more susceptible to turbulence at light weight. Reduce 

speed and use caution when flying solo or lightly loaded.  

* This sentence was added in February 2016.  

3.74. Pilots who fly the R44 (and the R22) helicopter are also required to complete biennial 

Robinson Safety Awareness Training courses.48 The training syllabus has ground and in-

flight components that include such topics as mast bumping, low-G hazards, flight into 

turbulence and a review of RHC safety notices. On 10 June 2020, the CAA provided the 

Commission with further detail regarding this training: 

The CAA is currently active in providing Robinson Safety Awareness Training 

(RSAT) to Robinson helicopter pilots. Included in the package is a safety video 

aligned to Safety Notice 32 which defines significant turbulence. The video is a 

resource that both instructors and pilots watch and the Robinson Helicopter 

Company have made it a discussion item rather than a formal definition in 

order to provide a student important information on the issues that can arise 

when encountering turbulence. 

3.75. The ‘package’ referred to CAA Notice of Requirement NTC 61.365 dated 30 October 

2017. The notice covered Robinson Safety Awareness Training and a syllabus of training. 

The syllabus included a “review of RHC safety notices” but made no reference to any 

videos. The CAA later clarified that, while the training syllabus made no reference to the 

safety videos, “pilots would be made aware of exposure to high winds/turbulence, 

including a safety video” when undergoing Robinson Safety Awareness Training. 

Discussions with five of the larger training providers confirmed this assertion.  

3.76. The pilots involved in the accidents identified in paragraph 3.67 had completed the 

safety courses and met the currency requirements at the time of the accidents. In three 

of the accidents the pilots had extensive RHC helicopter experience, and in two of these 

the pilots were also instructors. These circumstances suggest that this training on its own 

is not sufficient to avoid these types of mast bumping accident. The manufacturer should 

continue its efforts to understand how these accidents occur to assist in implementing 

effective measures to prevent their occurrence.  

3.77. The recommendations referred to in paragraphs 3.69 and 3.70 continue to be valid. Pilots 

also need to continue to be cautious in their decision-making when planning and 

conducting flights. For these reasons, mast bumping involving RHC helicopters remains 

on the Commission’s Watchlist, which states:  

Operators must select a type of aircraft suited to the risk profile of the intended 

use. Similarly, all pilots must understand the helicopter’s operating limitations, 

avoid circumstances which could see these inadvertently exceeded, and receive 

proper training in the causes, dangers, and prevention of mast bumping, 

including in low-G conditions. It is particularly important for Robinson pilots to 

be aware of the risks of flying a lightly loaded helicopter at high speed in 

turbulence. Prohibitions against in-flight low-G demonstrations must be 

observed, and low-G recovery training must be conducted only on the ground.  

 
48 CAA Notice of Requirement NTC 61.365, Revision 1 dated 30 October 2017. 
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4. Findings 

4.1. The helicopter was likely to have encountered unexpected turbulence of a magnitude 

sufficient to result ultimately in the in-flight break-up of the helicopter. 

4.2. The helicopter’s speed at the last position report likely increased the risk of an adverse 

outcome in the mountainous operating environment. 

4.3. The non-standard term ‘significant’, which was used to describe turbulence in the R44 

Pilot Operating Handbook, was not defined and pilots may not have watched a Robinson 

Helicopter Company video regarding Safety Notice 32 and turbulence, and the use of the 

term ‘significant’. 

4.4. The lack of reliable evidence on the initiating cause or causes of mast bumping 

occurrences continues to limit the effectiveness of safety investigations. 

4.5. The requirement to understand more about the performance of the Robinson Helicopter 

Company-designed rotor system, especially in turbulence, remains. 
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5. Safety issues and remedial actions 

General  

5.1. Safety issues are an output from the Commission’s analysis. They typically describe a 

system problem that has the potential to adversely affect future operations on a wide 

scale. 

5.2. Safety issues may be addressed by safety actions taken by a participant, otherwise the 

Commission may issue a recommendation to address an issue. 

Lack of investigation data 

5.3. The investigation of safety occurrences is an important component of the management 

of safety for improved system reliability. A lack of factual information limits the 

effectiveness of safety investigations in improving safety. This in turn increases the risk of 

similar occurrences in the future. The investigation of loss-of-control or mast bumping 

accidents involving RHC helicopters continues to be hampered by a lack of data. Allied 

with this is a lack of understanding of how the main rotor performs in adverse 

conditions. The Commission has previously made a recommendation on this issue. 

5.4. RHC advised the Commission that the University of Maryland is undertaking a study to 

improve the understanding of low-G mast bumping on RHC helicopters. In addition, RHC 

is currently working with another company to use known flight test data in simulations to 

further understand the behaviour of the rotor head in various situations.  

5.5. RHC advised the Commission that the company is developing a range of recorders for 

installation in the various types of RHC helicopter. At the time of writing this final report, 

RHC was seeking Federal Aviation Administration approval for a cockpit video system for 

installation on new R22, R44 and R66 models of helicopter. The unit will start recording 

on aircraft start-up and record the entire flight, video and audio, and will capture the 

final seconds before power is lost. 

5.6. A new governor49 for RHC piston-powered helicopters is also being developed. The new 

governor will have a recording capability for maintenance and potential accident 

investigation purposes. One of the recorded parameters will be rotor speed.  

5.7. A control position recorder is also under development. A prototype has been fitted to 

the manufacturer’s eight trial and demonstration helicopters for reliability testing. 

5.8. On 27 February 2020, the CAA advised the Commission that it was “currently progressing 

work towards [approving] the fitting of flight recorders into Robinson type helicopters 

and this project is envisaged to be completed by June 2020.” This was for a lightweight 

video, audio and data recorder that could be fitted to most small aircraft types.  

Terminology 

5.9. The aviation industry uses standardised terms that have defined meanings and provide 

clarity to pilots. When non-standard terms are used, pilots may interpret them differently 

from their intent. This introduces the risk of incorrect actions being taken. The term 

‘significant’ used in describing turbulence in the R44 Pilot Operating Handbook was not 

 
49 A device that senses engine and rotor speed and makes adjustments to help maintain the desired speed.  
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defined. This had the potential to create further ambiguity in assessing the severity of 

turbulence. However, RHC has amended Safety Notice 32 to explain the term 

‘significant’; this aligns with the commentary provided in an educational video produced 

by RHC in 2017.  

5.10. In the Commission’s view, this safety action has addressed the safety issue. Therefore, the 

Commission has not made a recommendation. 
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6. Recommendations 

General 

6.1. The Commission issues recommendations to address safety issues found in its 

investigations. Recommendations may be addressed to organisations or people, and can 

relate to safety issues found within an organisation or within the wider transport system 

that have the potential to contribute to future transport accidents and incidents. 

6.2. In the interests of transport safety, it is important that recommendations are 

implemented without delay to help prevent similar accidents or incidents occurring in 

the future.   

New recommendations 

6.3. No new recommendations were issued.  
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7. Key lessons 

7.1. Pilots need to exercise caution when planning and conducting flights into areas of 

potential turbulence. Pilots should seek to avoid these situations. Should turbulence of 

any strength be encountered, pilots need to take immediate action to minimise its 

effects. 

7.2. Pilots of RHC helicopters need to be familiar with Safety Notice 32 and the associated 

video, and avoid flying in high winds and turbulent conditions. 
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8. Data summary 

Aircraft particulars 

Aircraft registration: ZK-HTB 

Type and serial number: Robinson Helicopter Company R44 Raven II, 11259 

Number and type of 

engines: 

one IO-540-AE1A5 normally aspirated, reciprocating 

Year of manufacture: 2006 

Operator: private hire 

Type of flight: private, A to B 

Persons on board: one 

Crew particulars 

Pilot’s licences: private pilot licence (helicopter and aeroplane)  

Pilot’s total flying 

experience: 

1,270 hours total 

390 helicopter hours 

(375 hours on type) 

Date and time 21 July 2018, 130450 

Location Stevensons Arm, Lake Wanaka 

latitude: 44° 35.4´ south 

longitude: 169° 7.7´ east 

Injuries one fatal 

Damage helicopter destroyed 

 

 
50 Times in this report are in New Zealand Standard Time (Co-ordinated Universal Time + 12 hours) and 

expressed in the 24-hour format. 
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9. Conduct of the inquiry 

9.1. On the afternoon of 21 July 2018, the CAA notified the Commission of a missing 

helicopter. The Commission opened an inquiry under section 13(1)(b) of the Transport 

Accident Investigation Commission Act 1990 and appointed an investigator in charge. 

9.2. Two investigators from the Commission arrived in Wanaka on the afternoon of 22 July 

2018. They attended briefings by Land Search and Rescue (LandSAR) and later New 

Zealand Police, which then led the search for the missing helicopter and pilot. The 

investigators visited the owner of the helicopter and co-ordinated the uplift of 

documents. 

9.3. On 23 July 2018 the two investigators travelled to Stevensons Island and, led by a 

LandSAR guide, gathered items washed ashore from the helicopter. Later that day the 

investigators boarded a barge and, along with New Zealand Police, the RNZN and other 

personnel, participated in the recovery of the pilot and helicopter. The helicopter 

wreckage was initially secured locally, before being taken to the Commission’s technical 

facility in Wellington. Over the next three days the investigators interviewed witnesses 

and collected aircraft documents and other material. 

9.4. On 23 July 2018, in accordance with Annex 13 to the Convention on International Civil 

Aviation, the NTSB was notified of the accident. The NTSB appointed a non-travelling 

accredited representative, and the Manager Air Safety Investigation for RHC was 

appointed as the NTSB’s technical advisor. 

9.5. Between 13 and 15 August 2018, Commission investigators, assisted by the technical 

advisor, examined the helicopter wreckage. On 21 August 2018 CAA files relating to the 

pilot, the helicopter and the owner of the helicopter were reviewed. Further witnesses 

were interviewed around this time, with aircraft tracking and telecommunications 

information also being gathered. 

9.6. On 2 and 3 October 2018, the RNZN conducted a sonar survey of the lakebed between 

the area from which the helicopter was lifted and the shore of Stevensons Island. Several 

items of interest were identified as a result. On 9 October 2018, with the assistance of the 

RNZN and local resources, video recordings of the items of interest were taken and 

where possible those items were recovered.  

9.7. On 20 December 2018 the Commission released an interim report into the accident. The 

interim report detailed the established facts and circumstances known so far, but 

provided no analysis or findings regarding the cause or causes of the accident. 

9.8. On 1 February 2019 the helicopter’s altimeter was sent to the manufacturer, United 

Instruments, in Kansas, United States, for examination. Two local Federal Aviation 

Administration safety inspectors oversaw the examination on behalf of the NTSB’s 

accredited representative. 

9.9. On 7 May 2019 the Commission received a report from the technical advisor to the 

NTSB, detailing the damage to the helicopter. On 8 May 2019 the NTSB accredited 

representative provided the Commission with a copy of the altimeter examination report. 

Between May 2019 and August 2019, the technical advisor provided additional technical 

information.  

9.10. On 18 December 2019 the Commission approved a draft report to be circulated to seven 

interested persons for their comment.  
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9.11. The Commission received submissions from five interested persons, and changes as a 

result of these have been included in the final report. 

9.12. On 19 August 2020 the Commission approved the final report for publication.   
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10. Report information 

Abbreviations 

CAA   Civil Aviation Authority of New Zealand 

CCTV   closed-circuit television 

FAA   Federal Aviation Administration (United States) 

km   kilometre(s) 

km/h   kilometre(s) per hour 

m   metre(s) 

NTSB   National Transportation Safety Board (United States) 

RHC   Robinson Helicopter Company 

RNZN   Royal New Zealand Navy 

RPM   revolutions per minute 

Glossary 

altitude  above mean sea level 

backing  turning in an anti-clockwise direction 

chord(wise) the distance from the centre of the radius of a leading edge to the 

centre of the radius of a trailing edge of a wing or blade  

cone or coning angle the angle formed by the upward sweep of rotor blades as a result of the 

liftbeing generated by the blades and the centrifugal force caused by 

the speed of rotation 

cyclic   (also called the cyclic control or cyclic stick) ) tilts the rotor disc in the 

  direction the cyclic is moved, thereby moving the helicopter in that direction  

empennage   the tail assembly, comprising horizontal and vertical stabilisers and the 

  tail rotor 

flapping   (in the case of the Robinson main rotor system) the vertical movement 

  of a blade about a hinge (coning bolt) perpendicular to the blade span 

hot stretch   a condition that occurs when a light, comprising a coiled filament  

  suspended between two contact posts, is subject to a sudden strong 

  shock loading while illuminated. The hot ductile filament will stretch 

  before breaking. A light that is not illuminated will act in a brittle manner 

  and break without stretching. This is not an exact science as it can vary 

  with the strength and direction of the shock loading. Also, if an accident 
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  sequence is protracted, an illuminated filament may have sufficient time 

  to cool and act in a brittle manner 

knot   a speed of one nautical mile per hour, equivalent to 1.85 km/h 

low-G   (sometimes called ‘reduced g’) an acceleration less than that due to the 

  force of gravity 

mast bumping  an event that results from contact between an inner part of a main rotor 

 blade or rotor hub and the main rotor shaft 

pitch links   the pitch links, one for each main rotor blade, control the pitch angle of 

  the blades 

rotor disc   the area swept by the main rotor blades each revolution 

swashplate   a device mounted on the main rotor mast that translates flight control 

  inputs into main rotor blade movement 

teeter/teetering the see-saw movement of a two-blade rotor about the teeter bolt or 

  centrally mounted rotor 

turbulence   light:   slight erratic changes in altitude and/or attitude 

moderate: changes in altitude and/or attitude occur but the aircraft 

 remains in positive control at all times. It usually causes 

 variations in indicated airspeed. Occupants feel definite 

 strain against seatbelts. Unsecured objects are dislodged. 

 Food service and walking are difficult 

severe:  large, abrupt changes in altitude and/or attitude. Usually 

 causes large variations in indicated airspeed. Aircraft may 

 be momentarily out of control. Occupants are forced 

 violently against seatbelts. Unsecured objects are tossed 

 about. Food service and walking are impossible 

extreme: aircraft is violently tossed about and is practically 

 impossible to control. May cause structural damage 
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TAIC Kōwhaiwhai - Māori scroll designs 
TAIC commissioned its kōwhaiwhai, Māori scroll designs, from artist Sandy Rodgers (Ngati Raukawa, 

Tuwharetoa, MacDougal). Sandy began from thinking of the Commission as a vehicle or vessel for seeking 

knowledge to understand transport accident tragedies and how to prevent them. A ‘waka whai mārama (i te 

ara haumaru) is ‘a vessel/vehicle in pursuit of understanding’. Waka is metaphor for the Commission. Mārama 

(from ‘te ao mārama’ – the world of light) is for the separation of Rangitāne (Sky Father) and Papatūānuku 

(Earth Mother) by their son Tāne Māhuta (god of man, forests and everything dwelling within), which brought 

light and thus awareness to the world. ‘Te ara’ is ‘the path’ and ‘haumaru’ is ‘safe or risk free’.  

Corporate: Te Ara Haumaru - The safe and risk free path 

 

The eye motif looks to the future, watching the path for obstructions. The encased double koru is the mother 

and child, symbolising protection, safety and guidance. The triple koru represents the three kete of 

knowledge that Tāne Māhuta collected from the highest of the heavens to pass their wisdom to humanity. 

The continual wave is the perpetual line of influence. The succession of humps represent the individual 

inquiries.  

Sandy acknowledges Tāne Māhuta in the creation of this Kōwhaiwhai. 

Aviation: ngā hau e whā - the four winds 

 

To Sandy, ‘Ngā hau e whā’ (the four winds), commonly used in Te Reo Māori to refer to people coming 

together from across Aotearoa, was also redolent of the aviation environment. The design represents the sky, 

cloud, and wind. There is a manu (bird) form representing the aircraft that move through Aotearoa’s ‘long 

white cloud’. The letter ‘A’ is present, standing for aviation.  

Sandy acknowledges Ranginui (Sky father) and Tāwhirimātea (God of wind) in the creation of this 

Kōwhaiwhai. 

Marine: ara wai - waterways 

 

The sections of waves flowing across the design represent the many different ‘ara wai’ (waterways) that ships 

sail across. The ‘V’ shape is a ship’s prow and its wake. The letter ‘M’ is present, standing for ‘Marine’.  

Sandy acknowledges Tangaroa (God of the sea) in the creation of this Kōwhaiwhai. 

Rail: rerewhenua - flowing across the land 

 

The design represents the fluid movement of trains across Aotearoa. ‘Rere’ is to flow or fly. ‘Whenua’ is the 

land. The koru forms represent the earth, land and flora that trains pass over and through. The letter ‘R’ is 

present, standing for ‘Rail’.  

Sandy acknowledges Papatūānuku (Earth Mother) and Tāne Mahuta (God of man and forests and everything 

that dwells within) in the creation of this Kōwhaiwhai. 
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