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causes of accidents and incidents with a view to avoiding similar occurrences in the future, 

rather than to ascribe blame to any person.” 
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The Transport Accident Investigation Commission is an independent Crown entity and 
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Our investigations are for the purpose of avoiding similar accidents and incidents in the 

future. We determine and analyse contributing factors, explain circumstances and causes, 

identify safety issues, and make recommendations to improve safety. Our findings cannot be 

used to pursue criminal, civil, or regulatory action. 
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nationally and internationally. 
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Notes about Commission reports 

Kōrero tāpiri ki ngā pūrongo o te Kōmihana 

Citations and referencing 

The citations section of this report lists public documents. Documents unavailable to the 

public (that is, not discoverable under the Official Information Act 1982) are referenced in 

footnotes. Information derived from interviews during the Commission’s inquiry into the 

occurrence is used without attribution.  

Photographs, diagrams, pictures 

The Commission owns the photographs, diagrams and pictures in this report unless 

otherwise specified. 

Verbal probability expressions 

For clarity, the Commission uses standardised terminology where possible.  

One example of this standardisation is the terminology used to describe the degree of 

probability (or likelihood) that an event happened, or a condition existed in support of a 

hypothesis. The Commission has adopted this terminology from the Intergovernmental Panel 

on Climate Change and Australian Transport Safety Bureau models. The Commission chose 

these models because of their simplicity, usability, and international use. The Commission 

considers these models reflect its functions. These functions include making findings and 

issuing recommendations based on a wide range of evidence, whether or not that evidence 

would be admissible in a court of law. 

 

Terminology Likelihood  Equivalent terms 

Virtually certain > 99% probability of occurrence Almost certain 

Very likely > 90% probability Highly likely, very probable 

Likely > 66% probability Probable 

About as likely as not 33% to 66% probability More or less likely 

Unlikely < 33% probability Improbable 

Very unlikely < 10% probability Highly unlikely 

Exceptionally unlikely < 1% probability  



  

  Final Report AO-2023-010 | Page iii 

 

 

 

  

Figure 1: Kawasaki BK117 B-2, ZK-HHJ 

(Credit: Search and Rescue Services Limited) 
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Figure 2: Location of accident 

(Credit: Land Information New Zealand | Toitū Te Whenua) 
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1 Executive summary 

Tuhinga whakarāpopoto 

What happened 

1.1. On 19 September 2023, an air ambulance helicopter was dispatched from Hamilton 

Airport to recover a trauma patient on Mount Pirongia.1 On board the Kawasaki 

BK117 B-2 helicopter were a pilot, a crew member2 and a paramedic.  

1.2. While descending on the windward side of a ridge line to recover the patient by 

winch extraction, the helicopter rapidly and unexpectedly dropped in height. The 

helicopter impacted the terrain on a west-facing escarpment covered by dense native 

forest.  

1.3. The helicopter was severely damaged. The pilot, crew member and paramedic 

escaped without injury.  

Why it happened 

1.4. It is virtually certain that the helicopter entered Vortex Ring State (VRS) while 

descending on the windward side of a ridge line to recover the patient. VRS is a 

hazardous aerodynamic phenomenon that a helicopter can encounter during the 

descent and landing phases of flight and during manoeuvres at low forward speed. 

The onset of VRS can lead to a rapid loss of main rotor lift and then to a sudden 

increase in the helicopter’s rate of descent.  

1.5. The helicopter's trajectory, particularly its descent rate and forward speed, combined 

with its pitch attitude and the presence of orographic uplift3 across the ridge, was 

conducive to the onset of VRS. 

1.6. While on final approach, the pilot assumed that they could continue the approach to 

the winch site in level flight. During this critical phase of flight, the pilot’s visual 

attention was primarily focused outside the cockpit on the patient’s location. As a 

result of a reduced instrument scan, indications that the helicopter’s forward speed 

and descent rate were conducive to VRS were not immediately recognised.  

1.7. The helicopter’s height above ground level (AGL) during the onset of VRS provided 

the pilot with insufficient time to perform an effective recovery.  

1.8. During helicopter flight training, pilots receive generic tuition on VRS. The helicopter’s 

Flight Manual did not contain the information necessary for the pilot to identify the 

flight conditions and parameters for the helicopter type that were conducive to VRS.  

What we can learn 

1.9. The omission of guidance by the helicopter manufacturer on the avoidance and 

recovery from VRS poses a significant risk to operators.  

 

1 Mount Pirongia is located in the Waikato region of New Zealand’s North Island. 
2 The crew member was a hoist (winch) operator.  
3 The process by which a mass of air is lifted by a geographical feature such as a line of hills or a mountain range 
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1.10. It is critical that helicopter pilots understand what VRS is and how they can avoid 

entering it. 

1.11. Flying in mountainous terrain presents helicopter pilots with multiple challenges, 

including misinterpreting the air environment in which they are flying. Pilots need to 

use all available sources of information to ensure they are not subject to visual 

illusions that might lead them to misjudge their forward speed and rate of descent, 

particularly when operating close to the ground.  

1.12. Standard operating procedures help ensure that an aircraft is operated and flown in 

as safe a manner as possible. Modifying these procedures can increase the risk of an 

adverse outcome. 

Who may benefit 

1.13. All helicopter pilots, operators, flight schools and manufacturers may benefit from the 

findings and recommendations in this report.  
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2 Factual information 

Pārongo pono 

Narrative 

2.1. ZK-HHJ (the helicopter) was a Kawasaki BK117 B-2 air ambulance helicopter operated 

by Search and Rescue Services Limited (the operator). On Tuesday 

19 September 2023, the day-shift crew (the crew) were on standby from about 0700.4 

The crew consisted of one pilot, a crew member and a paramedic. 

2.2. The crew’s first assigned job was an inter-hospital transfer from Taumarunui Hospital 

to Waikato Hospital. The flight departed from Hamilton Airport at 1017, returning at 

1312, and was uneventful. The second assigned job was to recover a trauma patient, 

an injured tramper, from near Te Awamutu.  

2.3. The helicopter departed Hamilton Airport at 1620 for Te Awamutu. While enroute the 

pilot entered the patient’s global positioning system (GPS) coordinates into the 

helicopter’s GPS, which directed them to Mount Pirongia. While searching, the 

national Air Desk5 provided the crew with the patient’s mobile-phone number and 

coordinates from their Personal Locator Beacon, which assisted in locating the patient. 

 

4 Times are in New Zealand Standard Time (coordinated universal time +12 hours) and expressed in 24-hour 
format.  

5 The national Air Desk is a coordination and tasking function, operated by Hato Hone St John, that provides 
oversight, dispatch and clinical support functions to air ambulance services.  

Figure 3: Helicopter flight track 

(Credit: Land Information New Zealand | Toitū Te Whenua) 
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2.4. At about 1645 the crew located the patient and their partner on the Mahaukura Track, 

situated below and on the southern side of Wharauroa lookout (see Figure 4). The 

crew conducted a reconnaissance of the site and found that there was no suitable 

place for the helicopter to land near the patient and that a winch extraction would be 

the most suitable method of recovery.  

2.5. The pilot then flew the helicopter to a nearby staging area at Pirongia Forest Park 

Lodge so that the crew could reconfigure the cabin for a winch operation. After the 

pilot landed and shut down the helicopter, the crew reconfigured the cabin and 

checked the winch was functional. They then discussed the procedures for recovering 

the patient by winch extraction. 

2.6. At 1702 the helicopter departed Pirongia Forest Park Lodge and flew up the valley on 

the western side of Wharauroa Lookout. After passing abeam Wharauroa Lookout the 

helicopter entered a 180-degree climbing turn to the left and continued ascending to 

an altitude of 3000 feet (ft). The pilot continued the left turn before starting a descent 

onto final approach towards the patient on the windward side of a ridge (see 

Figure 4).  

Figure 4: Accident flight 

(Credit: Land Information New Zealand | Toitū Te Whenua) 
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2.7. An airspeed under 60 knots (kt) was required to open the rear sliding door safely in 

preparation for winching. During interviews the pilot recalled that, immediately after 

responding to the crew member’s request to open the door, the helicopter suddenly 

and unexpectedly dropped in height.  

2.8. Initially, the pilot tried to arrest the helicopter’s descent rate. When the pilot observed 

the treetops in their peripheral vision, they realised that an impact was imminent and 

shifted focus from recovering the high rate of descent to controlling the impact to 

minimise injury. 

2.9. At 1707, the helicopter descended through the tree canopy and impacted the terrain. 

It slid forward and down the slope about 1 metre (m), before coming to rest 7 m 

upslope of a pre-existing landslide.  

2.10. The crew exited the wreckage uninjured, and the paramedic promptly attended to the 

patient. The pilot and crew member subsequently assisted the paramedic to prepare 

the patient for a winch extraction. Between 1802 and 1840 the crew, patient and 

patient’s partner were uplifted and flown to Waikato Hospital by two rescue 

helicopters. 

Personnel information 

2.11. The pilot held a Commercial Pilot Licence (CPL) for helicopters and a Private Pilot 

Licence (PPL) for aeroplanes. Before joining the operator in 2006,6 they were a Senior 

Instructor Pilot and a Standardisation Instructor Pilot for the United States Army (US 

Army). 

2.12. At the time of the occurrence, they had accrued a total of 7257 flying hours, 

comprised of 6895.3 hours (h) in helicopters and 361.7 h in aeroplanes. They had 

flown about 48 h on the BK117 B-2 type of helicopter during the 90 days before the 

accident. The total flying experience on a BK117 B-2 was about 1928 h. The pilot held 

a Class 1 medical certificate valid to 20 March 2024 and was required to have half 

spectacles readily available during flight.  

2.13. The pilot had completed all the required competency assessments and was current at 

the time of the accident in accordance with New Zealand Civil Aviation Rules (CARs) 

and the operator’s exposition.7  

2.14. The pilot’s competency check for winching was revalidated on 9 February 2023 and 

current until 15 February 2025. They had conducted recent winch operations on 

11 September 2023 and 9 July 2023.  

2.15. All of the operator’s pilots are responsible for managing their fatigue levels by 

following the operator’s Fatigue Risk Management System and Alternative Flight and 

Duty Scheme. During interviews, the pilot reported having had 12 h free of duty and 

9 h sleep before their shift, and advised they were well rested and in good health on 

the day of the accident. 

 

6 The pilot was initially employed by Philips Search and Rescue Trust, before Search and Rescue Services Limited 
was established in June 2009 through the merger of various helicopter rescue trusts in the central North Island.  

7 A manual that defines the organisation, identifies the approved senior persons and details the means of 
compliance with the CARs.  
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2.16. The operator’s procedures required crew to undergo drug and alcohol testing 

following any incident or accident. This test was carried out at Waikato Hospital about 

four hours after the accident and all crew returned negative (clear) results.  

Aircraft information 

2.17. The Kawasaki BK117 B-2 helicopter, serial number 1109, registration ZK-HHJ, was 

constructed in 1996 by Kawasaki Heavy Industries Ltd (KHI), Japan.  

2.18. The BK117 helicopter was developed through a collaboration between 

Messerschmitt-Bolkow-Blohm (MBB)8 of Germany and KHI. The MBB and KHI BK117 

helicopters have separate type certificates9 with production lines in separate 

countries.  

2.19. The helicopter was fitted with two Honeywell LTS101-850B-2 turboshaft engines in 

accordance with a Supplemental Type Certificate (STC).10 The modification improves 

one-engine-inoperative (OEI) performance and all-engines-operating (AEO) 

performance at high altitudes and high temperatures.  

2.20. The helicopter was fitted with a Breeze-Eastern 600-pound (lb) hoist mounted on the 

right side of the fuselage, the same side as the pilot.  

2.21. The helicopter had been issued with a New Zealand non-terminating Certificate of 

Airworthiness in the Standard category on 2 November 2018.  

2.22. The helicopter’s logbooks recorded that the helicopter and engines had been 

maintained in accordance with the operator’s approved maintenance programme.  

2.23. A review of airworthiness11 had been carried out on 20 December 2022 with no 

reported defects. The next review of airworthiness was due on 20 December 2023.  

2.24. Airworthiness directives12 were checked against the Civil Aviation Authority of 

New Zealand (CAA) airworthiness directive schedule. No outstanding airworthiness 

directives applicable to the helicopter were observed.  

2.25. The helicopter’s logbooks showed that all scheduled maintenance had been carried 

out as required, and the helicopter had no recorded defects at the time of the 

accident.  

2.26. The BK117 B-2 helicopter has four main rotor blades made from glass and carbon-

fibre reinforced plastics. Each main rotor blade is affixed to the main rotor head by 

both a primary and a secondary bolt. The rotor system is hingeless; the flexibility of 

the main rotor blades rather than mechanical hinges is used to accommodate their 

flapping13 and lead-lag14 motions. 

 

8 Now part of Airbus Group 
9 A Type Certificate is issued by a Regulatory Authority and signifies the airworthiness of a particular category of 

aircraft, according to its manufacturing design.  
10 A Supplemental Type Certificate (STC) is a Type Certificate issued when an applicant has received approval to 

modify an aeronautical product from its original design. The STC approves not only the modification but also 
how that modification affects the original design.  

11 A formal and periodic review of an aircraft and its records that is required for the aircraft to remain airworthy 
12 A mandatory airworthiness requirement that specifies modifications, inspections, conditions or limitations to be 

applied to an aircraft or aeronautical product to ensure continued safe operating conditions  
13 Movement of a blade in the vertical sense relative to the plane of rotation. 
14 Movement of a blade forward or aft, in the plane of rotation  
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2.27. To boost the manual control inputs by the pilot, a dual hydraulic system is located on 

top of the cabin roof in front of the main transmission. For redundancy, the hydraulic 

unit consists of two separate systems that operate independently of each other. 

System one is used for normal operation and system two is the standby system. The 

two systems are linked so that in the event of a pressure drop or a control jam in 

system one, a changeover to system two occurs automatically and a caution light on 

the annunciator panel illuminates. 

2.28. An advisory, caution and warning annunciator panel is located below the instrument 

panel to alert the pilot to a system condition or failure. Whenever a yellow caution or 

red warning light illuminates on the annunciator panel, the master warning lights 

illuminate on both the upper left and right sides of the instrument panel. The purpose 

of this design is to capture the pilot’s attention and to indicate that a light on the 

annunciator panel has illuminated. In addition to a warning light on the annunciator 

panel, an aural warning will alert pilots to an engine failure or to low rotor RPM.  

Meteorological information 

2.29. The Commission obtained a detailed analysis from Meteorological Service of 

New Zealand Ltd (MetService) of weather observations recorded on the day of the 

accident. The analysis showed there was no significant change in the weather 

conditions from the time the pilot conducted the site reconnaissance until the time of 

the accident. 

2.30. MetService concluded:  

At the time a high lay over northern New Zealand, bringing settled weather and 

westerly winds. The weather was fine enroute. However, there was cloud 

“cascading” over the summit of Mount Pirongia from the west, and then rapidly 

evaporating and clearing. The accident site was likely cloud free, with west to 

north westerly winds of around 20 kt and gusts to 30 kt possible. On the windward 

side of the immediate ridgeline, this wind flow would have resulted in orographic 

upslope winds and light turbulence.  

2.31. The patient advised Commission investigators that, around the time of the accident, 

the wind speed was variable from a westerly direction. They had observed extremely 

strong gusts at times. Throughout the day, there was a mixture of high cloud and 

clear sky. During the winch recovery, wisps of cloud were observed between 

Wharauroa and Mahaukura. 

2.32. Two rescue helicopters15 arrived at the site about an hour after the accident. The 

pilots of the two helicopters advised Commission investigators that the wind was 

strong westerly at about 20–30 kt, as recognised by the movement of trees, dust and 

clouds. One of the pilots said the wind speed and direction displayed on their 

helicopter’s Primary Flight Display (PFD) coincided with this observation. They also 

said that there was some cloud on the ridge line around the peak of Mount Pirongia.  

Weight and balance 

2.33. When the crew reconfigured the helicopter cabin for winching operations, they were 

required to offload unneeded equipment to reduce the operational weight of the 

 

15 MBB BK117 B-2 and Leonardo AW169. 
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helicopter. The pilot calculated a load manifest before departing Hamilton Airport and 

again at the staging area at Pirongia Forest Park Lodge.  

2.34. The helicopter had a maximum certificated gross weight of 3350 kg and a minimum 

gross weight for flight of 1700 kg. CAR 133.71 states that a pilot performing an 

operation involving the suspension of a person beneath a helicopter must ensure that 

the helicopter is not operated at a weight in excess of 90% of its out of ground effect 

(OGE)16 hover weight. According to the hover OGE graph in the helicopter’s Flight 

Manual, the helicopter’s calculated maximum hover OGE weight at the patient’s 

location was 3350 kg. In accordance with CAR 133.71 the helicopter’s maximum 

permitted weight was therefore 3015 kg.  

2.35. Using the weights from the load manifest, the pilot calculated the helicopter to have 

weighed 2976.8 kg before departing from Pirongia Forest Park Lodge. This was 

373.2 kg less than the maximum certified weight and 38.2 kg less than the calculated 

maximum hover OGE weight.  

2.36. The helicopter’s longitudinal and lateral centre of gravity positions and the maximum 

permitted weight were calculated to be within limits for the flight.  

Recorded data 

2.37. The helicopter was not fitted with a voice or video recorder. These were not required 

by CARs.  

2.38. The helicopter was fitted with a Flightcell DZMx,17 located in view of the pilot. The 

DZMx recorded a range of flight data, including GPS position, aircraft pitch attitude, 

g-force and jerk (rate of change of g-force) once every second. The recorded data was 

extracted by Flightcell under supervision by Commission investigators, allowing the 

helicopter’s flight trajectory to be analysed. Flightcell reconstructed an animation of 

the helicopter's flight path, which assisted the investigation. 

Site and wreckage information 

2.39. The accident site was on Mount Pirongia on a west-facing escarpment covered by 

dense native forest, about 108 m southwest of Wharauroa Lookout (see Figure 5). The 

helicopter was sitting upright, wedged between trees below a ridge line (see Figure 6). 

2.40. Damage to trees at the site indicated that the helicopter had fallen almost vertically 

through the tree canopy. All the wreckage was contained within a 15 m radius of the 

main fuselage.  

2.41. The forward and aft cross-tubes of the landing-gear assembly had splayed outwards, 

causing the right side of the assembly to fracture in overload near the fuselage 

attachment fittings (see Figure 16 in Appendix 1).  

 

16 A helicopter is said to be OGE when the rotor downwash is no longer affected by the surface under it and more 
power is required to hover. This change occurs gradually at a height equivalent to about one rotor disc 
diameter.  

17 The Flightcell DZMx is a voice, data and tracking system designed and manufactured in New Zealand.  
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2.42. The markings on the trees surrounding the helicopter, and the damage to its main 

rotor blades, was characteristic of an impact with the blades having had high 

rotational energy. The outboard section of each main rotor blade was severely strike 

damaged. The main rotor blades had fractured outboard from the primary and 

secondary attachment bolts. One of the four main rotor blades had separated from 

the rotor head during the accident and was found lying next to the wreckage.  

2.43. Both tail rotor blades exhibited strike damage, but both were still attached to their 

mounting fork (see Figure 17 in Appendix 1). 

2.44. The engine drive shafts of both engines had exhibited torsional18 failure (see Figure 18 

in Appendix 1). This is consistent with the engines having continued to drive the main 

rotor transmission under resistance as the main rotor blades struck the surrounding 

trees.  

2.45. The helicopter was equipped with an Artex C406-1 Emergency Locator Transmitter 

(ELT).19 The Rescue Coordination Centre New Zealand (RCCNZ) did not receive a 

notification from the ELT. 

 

18 Twisting of the shaft caused by an applied force 
19 An ELT transmits a distress signal to the Cospas-Sarsat search and rescue satellite system.  

Wharauroa Lookout 

Figure 5: Accident site 
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Survival aspects 

2.46. Injuries sustained in aircraft accidents arise from three distinct sources:  

• excessive impact forces 

• trauma from contact with injurious surfaces 

• exposure to environmental factors such as fire or smoke.  

2.47. The maximum impact force recorded during the accident sequence was 3.2 g. All 

three crew survived the accident without any injuries. This was attributed to the 

following factors: 

• Statistical trends indicate that the absence of a post-impact fire is a critical factor 

in crash survivability. The helicopter’s fuel is stored in underfloor compartments 

using bladder-type fuel cells, which are designed to reduce the likelihood of a 

fuel leak in the event of an accident. The helicopter’s fuel cells withstood the 

impact and prevented post-impact fuel leakage, and therefore fire.  

• Federal Aviation Administration (FAA), Title 14 Code of Federal Regulations (CFR) 

Part 2920, prescribes airworthiness standards for the issue of type certificates, and 

the changes required to those certificates for the rotorcraft to be certificated as a 

transport category rotorcraft. At the time of design, the BK117 structure was 

designed to withstand higher loads than those specified by Title 14 CFR Part 29. 

The energy-absorbing structure of the helicopter’s cabin maintained sufficient 

strength during the accident to prevent structural collapse and/or penetration of 

 

20 United States of America Title 14 CFR Part 29 Airworthiness Standards: Transport Category Rotorcraft 

Figure 6: Accident scene 
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the main rotor transmission and engines into the occupied spaces inside the 

cabin.  

• Research on helicopter accidents indicates that, in most survivable accidents, the 

primary crash force is vertically downwards. The helicopter had fallen through the 

tree canopy almost vertically and its landing gear assembly impacted the terrain, 

causing the cross tubes to splay outwards, as intended, to cushion the impact. 

2.48. When the pilot realised that impact was imminent, they shifted focus from recovering 

from VRS to controlling the impact to minimise injury. They oriented the helicopter so 

that the crash force would be directed as vertically as possible through the 

helicopter’s structure, notwithstanding the steep slope of the terrain at the accident 

site.  

Organisational information 

2.49. Search and Rescue Services Limited is the provider and operator of air ambulance 

operations in the Central North Island, New Zealand. Under its contract with National 

Ambulance Sector Office (NASO),21 helicopter crews respond to requests for 

emergency pre-hospital treatment and transportation of acutely unwell patients. 

Dispatch to these missions is authorised and coordinated by the national Air Desk.  

2.50. Search and Rescue Services Limited also provides: 

• inter-hospital transfers (the transportation and clinical care of patients between 

hospitals), a process coordinated by Health New Zealand | Te Whatu Ora (HNZ) in 

collaboration with the respective hospitals 

• search and rescue services in collaboration with New Zealand Police and RCCNZ.  

Vortex Ring State (VRS)  

2.51. VRS is a hazardous aerodynamic phenomenon that a helicopter can encounter when 

in steep descending flight at low forward speed and during manoeuvres at low 

forward speed. The onset of the VRS can lead to a rapid loss of lift and subsequently 

to a sudden increase in the helicopter’s rate of descent. If not detected, the helicopter 

can rapidly enter an unstable condition characterised by thrust fluctuations, 

decreased control authority and a significant increase in its rate of descent.  

2.52. The existence of VRS is universal to all rotor designs. The major characteristics of VRS 

are determined principally by the disc loading of the rotor.22 The detailed design of 

the rotor, such as the twist of its blades and blade-tip shape, have a secondary 

influence on the characteristics of VRS.  

 

21 NASO is an office, jointly-appointed by Health New Zealand | Te Whatu Ora (HNZ) and Accident Compensation 
Corporation (ACC), that provides the strategic overview, monitoring and contracting of the Emergency 
Ambulance Service for HNZ and ACC.  

22 Defined as the helicopter’s weight divided by the total area of its lifting rotors 



  

  Final Report AO-2023-010 | Page 12 

2.53. The VRS domain extent for several well-known conventional helicopters is compared 

in Figure 7. The coloured line indicates the VRS onset boundary for each specific 

helicopter, as defined by its vertical and forward speeds. So, for instance, the BK117 

helicopter will encounter VRS if its trajectory takes it into the region of the diagram 

that is shaded in red. Using similar logic, the large, heavy CH-53E military transport 

helicopter might experience VRS at descent rates between 1350 and 6000 ft/min, 

when flying at a speed less than 34 kt; a small helicopter, such as the Robinson R22, 

would only encounter VRS at descent rates between 700 and 3100 ft/min, when flying 

at speeds less than 17 kt.  

 

Figure 7: Predicted VRS onset boundaries for various conventional helicopters 

(Credit: Dr Richard E. Brown, Sophrodyne Aerospace) 
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Why does Vortex Ring State occur? 

2.54. In normal flight, a helicopter’s main rotor creates a long, cylindrical wake that streams 

down into the flow below and behind the main rotor (see Figure 8). The wake from a 

helicopter’s main rotor is inherently unstable. This instability causes the orderly 

structure of the wake eventually to break down into a highly turbulent, chaotic flow. 

In normal flight this breakdown occurs below and behind the helicopter and has very 

little influence on the aerodynamics of the main rotor itself.  

2.55. A physical representation of the main rotor wake with the helicopter in forward flight 

is demonstrated in Figure 8. The image shows how the wake near the main rotor 

initially has an ordered cylindrical shape and how, further away from the helicopter, 

the wake becomes increasingly more disordered as its inherent instability starts to 

take hold. The figure at the bottom shows an idealisation of this process.  

2.56. Within a range of descent rates and forward air speeds, the instability of the wake is 

able to catch up with the main rotor, causing the wake to collapse into a toroidal 

form, known as VRS. The onset of VRS is responsible for a sudden decline in the lift 

generated by the rotor. In practice this usually causes the helicopter to descend 

rapidly unless appropriate action is taken to recover the helicopter into normal flight.  

2.57. A comparison of a helicopter’s main rotor wake structure in level flight at a speed of 

12 kt is demonstrated in Figure 9. The middle image shows the structure of the wake 

Figure 8: Representation of the main rotor wake in forward 

flight 

(Credit: Dr Richard E. Brown, Sophrodyne Aerospace) 
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just before VRS onset. The disturbances in the main rotor wake have practically 

caught up with the main rotor. The bottom image shows the helicopter relatively 

deep within VRS. The wake has transitioned into the toroidal recirculatory form that is 

associated with VRS.  

 

Recovery from Vortex Ring State 

2.58. The onset of VRS is responsible for a sudden decline in the lift generated by the main 

rotor and usually causes the helicopter to descend rapidly unless action is taken to 

recover the helicopter.  

Figure 9: Structure of the rotor wake in level flight compared with the structure in fully 

developed VRS 

(Credit: Dr Richard E Brown, Sophrodyne Aerospace) 
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2.59. A pilot’s intuitive response to the sudden and unexpected increase in descent rate 

that accompanies VRS onset is usually to increase collective23. However, this usually 

energises the toroidal form associated with VRS and ends up exacerbating the rate of 

descent. Hence the pilot’s conscious action is required to suppress their natural 

response and to apply a proper technique to recover from VRS. 

2.60. The two most common recovery techniques that pilots are currently taught are the 

‘traditional’ technique and the Vuichard recovery technique. The FAA’s Helicopter 

flying handbook (Federal Aviation Administration, 2019) details both these methods of 

VRS recovery: 

The traditional recovery is accomplished by increasing airspeed, and/or partially 

lowering collective to exit the vortex. 

In most helicopters, lateral cyclic thrust combined with an increase in power and 

lateral antitorque thrust will produce the quickest exit from the hazard. This 

technique, known as the Vuichard recovery (named after the Swiss examiner from 

the Federal Office of Civil Aviation who developed it) recovers by eliminating the 

descent rate as opposed to exiting the vortex.  

Settling with power 

2.61. Because of inconsistent terminology in aviation literature (Federal Aviation 

Administration, 2019) (Wagtendonk, 2006), pilots can confuse VRS with other 

phenomena such as ‘settling with power’ or ‘power settling’. These phenomena can all 

be encountered in low-speed flight and the terms have historically been used 

interchangeably. However, the origins of ‘settling with power or ‘power settling’ are 

different from those that precipitate the VRS.  

2.62. The power required to sustain level flight increases as the forward speed of the 

helicopter is reduced below the minimum power setting for level flight (see Figure 10). 

If the engine(s) cannot provide the necessary power, then the helicopter will begin to 

descend or settle. This is not VRS but rather a condition where the engine(s) have 

reached their maximum available power limit. The power required exceeds the power 

available.  

2.63. In certain circumstances, if the airspeed is slow enough, the descent rate can build up 

to the point at which VRS is eventually encountered in its aerodynamic form (see 

paragraphs 2.55 to 2.57).  

 

23 One of the flight controls used by a helicopter pilot to ‘collectively’ adjust the pitch angle of all main rotor 
blades at the same time to alter the amount of thrust/lift being produced. 
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Previous occurrences 

2.64. According to the National Transportation Safety Board (NTSB) report database, from 

2008 to 2021, 48 helicopter accidents in the United States of America involved VRS 

encounters. The data collected only represents reported accidents and does not 

include VRS encounters where the pilots performed a successful recovery manoeuvre 

and avoided damage to the helicopter or injury to the crew. Therefore, the incidence 

of VRS is at a higher level than these numbers indicate.  

Figure 10: Power versus airspeed for level flight 
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3 Analysis 

Tātaritanga 

Introduction 

3.1. The national Air Desk dispatched the helicopter from Hamilton Airport to retrieve a 

trauma patient at Mount Pirongia. Upon locating the patient, the crew devised a 

retrieval plan and flew to a nearby staging area to reconfigure the helicopter for 

winching. The retrieval plan required the pilot to manoeuvre the helicopter into a 

position from which the patient could be winched up. During the final approach the 

helicopter rapidly and unexpectedly dropped in height, resulting in the helicopter 

impacting the terrain. 

3.2. The helicopter’s trajectory and pitch attitude, combined with the orographic uplift 

conditions on the windward side of the ridge that the helicopter was flying along, 

increased the risk of the helicopter entering VRS. Despite the hazard it poses to flight 

safety, VRS generally remains a poorly understood aerodynamic phenomenon that 

can be encountered during the descent and landing phases of flight, and during 

manoeuvres at low forward airspeeds.  

3.3. Current helicopter certification standards do not require manufacturers to determine 

the range of flight conditions and operational parameters above which a helicopter 

might be susceptible to VRS. In the absence of this information, and particularly if it 

has not been incorporated into the applicable rotorcraft flight manual, pilots are less 

likely to be able to accurately determine the range of flight conditions in which a 

helicopter might be susceptible to VRS.  

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

those factors that increased the likelihood of the event occurring or increased the 

severity of its outcome. It also examines any safety issues that have the potential to 

adversely affect future operations.  

What happened 

3.5. The objective of the rescue mission was to recover a trauma patient located on the 

Mahaukura Track on Mount Pirongia.  

3.6. When the helicopter arrived at the patient’s location, the pilot conducted a site 

reconnaissance and concluded that the wind was from a westerly direction, but the 

speed was negligible. There were sufficient power margins for the helicopter’s safe 

operation during winching. The pilot then flew the helicopter to Mount Pirongia 

Forest Park Lodge and the crew reconfigured the cabin for a winch operation.  

3.7. The pilot intended to conduct the recovery by ascending to the patient’s altitude, 

decelerating on final approach and then positioning the helicopter about 100 ft above 

the patient. The crew member would then guide the pilot to the appropriate position 

for a winch extraction.  

3.8. After the helicopter departed the Lodge, the pilot flew it up the valley on the western 

side of Wharauroa Lookout. The pilot was located in the front right seat, a paramedic 

in the left rear-facing seat of the rear cabin, and a crew member on the floor of the 

rear cabin beside the right sliding door. The crew member was restrained by a harness 
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and lanyard connected to the helicopter. The crew described the wind conditions as 

non-turbulent as the helicopter proceeded up the valley.  

3.9. After passing abeam Wharauroa Lookout, the helicopter entered a 180 -degree 

climbing turn to the left and continued ascending to an altitude of 3000 ft. The 

patient was located below and on the southern side of Wharauroa Lookout at an 

altitude of 2640 ft. This required the helicopter to descend about 260 ft to position 

itself 100 ft overhead the patient. Despite some cloud around the summit of Mount 

Pirongia, the patient’s location remained clear and the pilot continued the left turn 

before starting a descent onto final approach on the windward side of the ridge 

leading up to the Lookout.  

3.10. The helicopter’s speed progressively decreased during its final approach, as depicted 

in Figure 11, which illustrates the helicopters trajectory. At 17:06:51 the helicopter’s 

pitch angle reached a maximum of 19.5° (nose up). This in turn reduced the 

helicopter’s speed and increased its rate of descent.  

 

3.11. A maximum airspeed of 60 kt was required to open the sliding door safely in 

preparation for winching. During interview, the crew member recalled asking the pilot 

if the speed was okay to open the door. The pilot replied ‘’we are a little too hot’’24 

but was unable to complete their response to the crew member before the helicopter 

rapidly and unexpectedly dropped in height. 

3.12. The flight data downloaded from the Flightcell DZMx shows the sudden drop in 

height occurred at 17:06:55, when the helicopter was at about 291 ft AGL. At this time 

 

24 See paragraph 3.20 for an explanation. 

Figure 11: The helicopter’s flight trajectory 
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the helicopter had a descent rate of 649 ft/min and a groundspeed of 25.8 kt. The 

helicopter’s pitch attitude was 13° (nose up) on a heading of 25° true.  

3.13. During interview, the pilot recalled that the cyclic25 and collective controls lacked 

responsiveness during the rapid descent. They suspected VRS and attempted to 

recover and arrest the high rate of descent of the helicopter by initially applying the 

traditional recovery technique. Upon realising that there was insufficient height 

available, the pilot immediately attempted a second technique, called the Vuichard 

recovery technique.  

3.14. The wind by this stage was 20 kt and gusting 30 kt from a westerly direction, resulting 

in a crosswind from the helicopter’s left rear quarter. At 17:06:59 the helicopter’s 

heading changed relative to the wind direction, to where the wind acted from behind 

(tailwind). The helicopter increasingly veered to the right and proceeded to pitch 

nose-down. The helicopter reached a maximum descent rate of 2145 ft/min with a 

forward groundspeed of 9 kt.  

3.15. Realising that impact with the terrain was imminent, the pilot focused on controlling 

the descent through the tree canopy to minimise the potential forces on impact. The 

pilot pitched the helicopter nose-down to prevent the tail from contacting the trees 

first, thus averting a potential slew of the helicopter. The helicopter continued turning 

right. The pilot was able to manoeuvre the helicopter between the trees before 

descending through the tree canopy. 

3.16. At 1707, the helicopter impacted the terrain and slid down a slope about a metre, 

before coming to rest, seven metres upslope of a pre-existing landslide.  

Why did the helicopter impact the terrain 

Engine or flight-control failures 

3.17. Based on the following evidence it was exceptionally unlikely that an engine or 

flight-control failure caused the helicopter to impact the terrain.  

• the drive shafts of both engines had twisted and separated, consistent with 

the engines having continued to drive the main rotor transmission under 

resistance as the main rotor blades struck the surrounding trees. 

• the trees surrounding the helicopter were damaged by the main rotor blades 

and the severity of the damage was characteristic of an impact with the main 

rotor blades still having high rotational energy.  

• the pilot said in interview that the helicopter was performing perfectly, that 

there were no aural warnings or warning lights and that they had to shut the 

engines down after impact.  

• post-accident inspection showed that the helicopter’s primary flight controls 

had retained continuity and had been assisted by hydraulics up to the point of 

impact.  

 

25 The control which changes the pitch angle of the rotor blades individually during a cycle of revolution and as a 
result tilts the main rotor disc to control the direction and velocity of flight  
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Pilot actions 

3.18. New Zealand CARs require each holder of an Air Operator’s Certificate to establish an 

operational competency assessment programme for flight crew and crew members, 

to ensure that they are trained and competent to perform their assigned duties. 

During interview the operator’s training manager explained how VRS was integrated 

into the operator’s training syllabus, with emphasis on recognition and avoidance. 

Both the Vuichard and traditional recovery techniques were included; however, 

demonstrations of actual in-flight recovery from VRS were not practised following the 

publication of Airbus Helicopter’s Safety Information Notice No 3463-S-00 (Airbus, 

2022). This notice recommends that operators do not intentionally place the 

helicopter in fully developed VRS because of the aerodynamic loads imposed on the 

helicopter.  

3.19. The operator’s Standard Operating Procedures (SOP) provided detailed procedures, 

guidelines and allocation of responsibilities amongst the crew during various phases 

of flight operations. The SOP outlined that winching procedures were not rigid rules 

nor the only way to accomplish a task, because of the inherent risks and dynamic 

environment associated with winching. The SOPs also incorporated crew resource 

management (CRM) principles to assist the crew in forming a shared mental model of 

their situation and environment. Although the operator’s SOP for a standard winch 

circuit (see Appendix 2) was appropriate for most situations, the operator allowed the 

crew to exercise their professional judgement in choosing and modifying the 

appropriate winching tasks to the prevailing circumstances and conditions. 

3.20. The pilot’s response to the crew member’s request to open the sliding door was that 

“we are a little too hot”. As airspeed is the only restriction to opening the door, the 

crew member interpreted the pilot’s response to mean the speed was above 60 kt 

during this time. The pilot’s last remembered instrument scan occurred during the left 

base turn onto final approach, noting the airspeed at this time to be around 50 kt. 

Reviewing the data from the Flightcell DZMx shows that the helicopter’s groundspeed 

during the left base turn was around 55 kt. The helicopter continued to decelerate 

while on final approach (see Figure 11). 

3.21. During interview, the pilot explained that they wanted to keep the door closed 

because they did not like having the door open when the helicopter was not in level 

flight. Their intention was to complete the base turn and to reduce speed before the 

door was opened, thus avoiding any potential blast of wind entering the cabin as the 

helicopter approached the winch position.  

3.22. During the winch circuit the paramedic and crew member were attempting to resolve 

an issue with the handheld radio, which diverted their attention from preparing the 

cabin, and providing commentary to the pilot on the patient’s position. Following the 

start of the turn, the pilot was unable to establish the stable approach profile as 

recommended in the operator’s SOP, nor were all the pre-winch tasks completed with 

100 m still to run to the patient’s location. During this critical phase of flight, the pilot 

was under the assumption the helicopter was at the same altitude as the patient and 

that a descent before reaching the patient would not be required. At this time, the 

pilot’s visual attention was primarily focused outside of the cockpit on the patient’s 

location. As a result of a reduced instrument scan, indications that the helicopter was 

entering conditions conducive to VRS were not immediately recognised.  
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3.23. The pilot said during interview that they used a ‘rule of thumb’ to avoid VRS, based 

on speed, descent rates and engine power, that they had learnt in the US Army. This 

rule of thumb made no allowance for the type of helicopter that they were flying, nor 

for the actual disc loading of the rotor. Furthermore, there was no consideration of 

the effect of orographic winds nor for how the helicopter's pitch attitude might have 

been conducive to earlier-than-anticipated VRS onset. 

3.24. Flight manoeuvres that are known to precipitate VRS are often performed at relatively 

low altitudes and are associated with descents and landings (Sotiropoulos-

Georgiopoulos, et al., 2023). The timely identification of the symptoms of incipient 

VRS is critical to recovery. The pilot initially tried to arrest the descent rate of the 

helicopter by applying the traditional recovery technique that they had taught and 

demonstrated during their time in the US Army. When this did not resolve the 

situation, they tried the Vuichard recovery technique. The height above terrain at VRS 

onset was 291 ft AGL, which suggests the pilot had very little height or time to 

successfully execute either recovery technique.  

3.25. Although training in VRS recovery is essential, it should not be a substitute for 

training pilots to identify the conditions that can lead to premature entry into VRS. In 

New Zealand, the CAA has published information and guidance (Civil Aviation 

Authority of New Zealand, 2016, 2018 and 2020)  to raise awareness of VRS and has 

conducted workshops on VRS recovery. The Commission considers that better 

education regarding the factors that can induce VRS would equip pilots with the 

ability to better detect and avoid the onset of VRS as identified in this investigation.  

Evidence the helicopter entered Vortex Ring State 

3.26. The size and extent of the region of the flight envelope26 in which a helicopter can 

encounter VRS is determined principally by the disc loading of the rotor, as well as by 

the local atmospheric conditions. A helicopter will encounter VRS if its trajectory takes 

it into this region. The helicopter’s flightpath before the accident was conducive to 

VRS. Orographic uplift across the ridge along which the helicopter was flying and the 

helicopter’s pitch attitude during its deceleration both contributed to the early onset 

of VRS. This section describes the methodology that was used to calculate the speed 

and descent rate required for the helicopter to enter VRS. The analysis shows how 

important the helicopter’s pitch attitude and the effects of the wind were, especially 

when descending adjacent to the ridge line, in creating a set of flight conditions in 

which the aircraft would have been particularly susceptible to VRS.  

How the VRS onset boundary was calculated for the accident flight 

3.27. The location of the VRS onset boundary on the flight envelope (see Figure 12) was 

calculated using a mathematical model that recognises the inherent instability of the 

rotor wake as fundamentally responsible for the onset of VRS. The region of the flight 

envelope in which this model predicts VRS might be encountered correlates well 

 

26 The flight envelope in aviation is defined by various parameters and refers to the limits within which an aircraft 
can operate safely and efficiently. A flight envelope encompasses both normal and extreme flight conditions 
and is typically represented graphically.  
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against a wide range of flight tests and laboratory data for various types of 

rotorcraft.27  

3.28. Aerospace engineer Dr Richard E. Brown28 from Sophrodyne Aerospace provided 

expert advice in locating the VRS onset boundary on the flight envelope for the 

accident flight.  

3.29. The sources that were used to yield values for the parameters that define the location 

of the VRS onset boundary on the flight envelope for the accident flight are listed in 

Table 1.  

Table 1: Values used to locate the VRS onset boundary 

Data  Sources 

Elevation Land Information New Zealand 

Air density MetService 

Wind speed and direction  • MetService 

• witnesses 

Pitch data Kawasaki BK117 Maintenance Manual, 

Chapter 01 Dimensions and areas 

Flight data: 

• time 

• trajectory 

• location 

• speed 

• helicopter’s rate of descent 

• altitude 

• orientation 

Flightcell DZMx 

Disc loading • Kawasaki BK117 Maintenance Manual, 

Chapter 01 Dimensions and areas 

• the helicopter’s calculated load manifest 

at the staging area 

The helicopter’s flight trajectory 

3.30. Figure 12 shows the location of the boundary for VRS onset on the flight envelope, as 

defined by mapping the location of flight conditions at which the disturbances to the 

wake structure are able to reach the main rotor. If the axes in this figure are 

interpreted as the speeds of the helicopter relative to the ground, then the figure 

suggests that a BK117 B-2 helicopter with the weight and geometric characteristics of 

the accident helicopter, when flying at the altitude of the accident site, would have 

encountered VRS when flying at descent rates between 1050 and 4750 ft/min if flying 

horizontally at speeds less than 27 kt (groundspeed). The black line shows the 

 

27 (Ahlin, G.A & Brown, R.E., 2004. Predicting the Onset of the Vortex Ring State under Accelerated Flight 
Conditions) and (Newman, et al, 2003. Predicting the Onset of Wake Breakdown for Rotors in Descending Flight, 
Journal of the American Helicopter Society, Volume 48) 

28 Dr Richard E. Brown is an experienced aerospace engineer, with a 30-year record in modelling and 
understanding aircraft and helicopter aerodynamics, aerospace education, and air vehicle analysis and design. 
Dr Brown has published over 100 technical papers in the field of modelling and simulation of aircraft systems 
and is a recipient of both the Royal Aeronautical Society’s bronze medal for contributions to understanding 
rotorcraft aerodynamics, and the Vertical Flight Society’s award for extraordinary work in vertical flight. Dr 
Brown is the originator of our modern conception of how VRS develops on helicopter rotors and is actively 
involved in extending our understanding of the phenomenon in order to improve the safety of rotorcraft 
operations.  
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horizontal speed and descent rate of the accident helicopter at various points along 

its final trajectory, as measured relative to the ground. According to the diagram, the 

helicopter will have entered VRS at 17:06:59 by crossing the onset boundary with a 

descent rate of 1050 ft/min and a groundspeed of 18 kt.  

The effect of wind as a contributing factor to VRS 

3.31. The analysis up to now shows the helicopter’s trajectory in terms of groundspeed or, 

equivalently, airspeed in the absence of any wind. This section adds the effects of the 

wind in determining the helicopter’s trajectory relative to the VRS onset boundary for 

the helicopter.  

3.32. An analysis of the wind conditions at the time of the accident concluded that the wind 

speed was 20 kt, with gusts to 30 kt, from a westerly direction. The topography would 

have induced an upward component of wind flow relative to the helicopter’s 

trajectory, known as orographic uplift. This upwards component of the wind would 

have appeared to the rotor as an increase in its effective descent rate. The blue 

trajectory (see Figure 13) depicts the helicopter’s velocity, represented as a horizontal 

airspeed and descent rate, factoring in the influence of wind. This figure shows that, 

on accounting for the effect of the wind, the helicopter would have encountered VRS 

at 17:06:57, two seconds earlier than if the effects of the wind were not accounted for. 

By referring back to the trajectory shown in Figure 12 it can be inferred that the 

helicopter would have entered VRS at a substantially lower descent rate and higher 

forward speed (728 ft/min with a groundspeed of 20 kt) compared with the effects of 

the wind being omitted from the analysis.  

Figure 12: ZK-HHJ trajectory relative to boundary for VRS onset 
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3.33. An important factor was the change in the helicopter’s heading around 17:06:59, 

causing a shift in the wind to blow from behind the helicopter (tail wind), effectively 

reducing the helicopter’s airspeed. This shift in the relative wind contributed to the 

helicopter penetrating more deeply into VRS than if the heading of the helicopter had 

remained unchanged. As a result, the pilot would have experienced significantly 

exacerbated symptoms of VRS, as well as potentially greater difficulty in recovering to 

normal flight.  

The effect of pitch attitude as a contributing factor to VRS 

3.34. The analysis can be refined further by accounting for changes in the pitch attitude of 

the helicopter along the flight trajectory. The precise location on the flight envelope 

of the boundary for VRS onset is defined by the velocity components relative to the 

rotor rather than the velocity components relative to the ground or to the helicopter. 

The helicopter’s nose-up flare while descending towards the patient increased the 

upwards component of air velocity through the rotor, increasing its effective descent 

rate and bringing the helicopter closer to the onset of VRS.  

3.35. In Figure 14, the green trajectory denotes the airspeed and descent rate as measured 

relative to the helicopter’s rotor, accounting for the changes in pitch attitude of the 

helicopter, while descending along the ridge line. The effective inclination of the rotor 

to the airflow was calculated by subtracting the helicopter’s mast inclination angle (5°) 

from the helicopter’s pitch attitude, as recorded by the Flightcell DZMx.  

 

 

Figure 13: ZK-HHJ trajectory, accounting for 20 kt westerly wind and 

10° orographic uplift 
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3.36. At 17:06:51 the helicopter’s pitch attitude reached a maximum of 19.5°. The analysis 

presented in Figure 14 then shows that the helicopter would have crossed the VRS 

onset boundary sometime between 17:06:55 and 17:06:56, 3.5–4 seconds earlier than 

if the pitch attitude and wind were ignored in the analysis. Referring back to the 

speeds relative to the ground (the black trajectory in Figure 12), the helicopter would 

have entered VRS at a descent rate of 649 ft/min with a groundspeed of 25.8 kt.  

Conclusion 

3.37. It is virtually certain that the helicopter entered VRS while descending on the 

windward side of the ridgeline to recover the patient. The helicopter’s trajectory led it 

into that part of the flight envelope where its combination of forward speed and 

descent rate precipitated the onset of VRS. After accounting for the orographic uplift 

over the ridge along which the helicopter was flying, as well as the helicopter’s pitch 

attitude, VRS onset would have occurred while flying at a descent rate of 649 ft/min 

with a forward speed relative to the ground of 25.8 kt.  

3.38. The analysis was able to establish the flight conditions for VRS onset, but recovery 

from VRS back into normal flight conditions is governed by different physical 

mechanisms and cannot be reliably predicted using the methodology presented here. 

To escape from VRS, the pilot is required to suppress those mechanisms that feed the 

recirculatory flow around the rotor and to re-establish the rotor wake in its normal 

operating state. Several piloting techniques, including the ‘traditional’ recovery and 

the more recent ‘Vuichard’ recovery technique, require the pilot to be aware of the 

early symptoms of VRS onset and to be trained in the application of the techniques.  

  

Figure 14: ZK-HHJ trajectory accounting for 20 kt westerly wind, 10° orographic uplift and  

pitch attitude 
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Vortex Ring State (VRS) awareness 

Safety issue: The helicopter’s Flight Manual did not include sufficient guidance for pilots to 

recognise and avoid the onset of VRS. This increased the risk of pilots inadvertently entering 

conditions conducive to VRS.  

3.39. VRS has been recognised as a hazard to the safe operation of a helicopter by 

aerodynamicists and helicopter designers since the early days of helicopter flight. 

Since then, ongoing research, supported by simulation and flight testing, has 

continued to refine the helicopter industry’s understanding of where and how VRS 

can be encountered during flight. 

3.40. Flight manoeuvres that are known to precipitate VRS are predominantly those 

associated with the descent and landing phases of flight and thus are often 

performed at relatively low height AGL. Recognising and avoiding the combination of 

flight conditions that is conducive to VRS is essential for preventing the helicopter 

from entering VRS.  

3.41. The Commission found that the helicopter’s Flight Manual did not contain the 

necessary guidance for the pilot to identify the potential for VRS onset. 

3.42. The primary purpose of rotorcraft flight manuals is to provide an authoritative source 

of the information that is considered necessary for safe operation of the rotorcraft. To 

fulfil their intended function, rotorcraft flight manuals provide mandatory approved 

information (data) such as limitations, performance information, and a summary of 

the procedures that should be followed to enable the flight crew to operate the 

helicopter safely. Additionally, the manufacturer or operator may include additional 

data in separate and distinct sections of the rotorcraft flight manual. The major 

characteristics of VRS are determined principally by the disc loading of the rotor and 

are therefore specific to each helicopter model. Despite this, current certification does 

not require the manufacturer to include any information in the rotorcraft flight 

manual regarding the flight conditions and parameters that are conducive to VRS. 

Pilots would be better prepared to identify and manage the risk of VRS if this 

information was required as part of the certification process for all helicopters.  

3.43. Operating in fully developed VRS can significantly increase the dynamic loading on 

the helicopter’s main rotor system. VRS is not often considered when determining the 

service life of components, although some manufactures recommend not placing the 

helicopter in fully developed VRS during training to avoid undue stresses being 

placed on the main rotor system. Kawasaki Heavy Industries do not provide guidance 

on this in the BK117 B-2 Flight Manual.  

3.44. A review of the Kawasaki BK117 B-2 Flight Manual by Commission investigators 

determined that it did not prescribe a recommended maximum descent rate for the 

helicopter in the ‘normal procedures’ section. However, a recommended maximum 

descent rate is provided in the ‘normal procedures’ section of the flight manuals of 

other related helicopter models such as the MBB BK117 B-2 and Kawasaki BK117 C-2.  

3.45. A review of various rotorcraft flight manuals, including that for the Kawasaki  

BK117 B-2, failed to reveal any information that would help the pilot to determine 

accurately the range of descent rates and forward speeds over which VRS might be 

encountered, for instance through the provision of graphs showing the location of the 

boundary for VRS onset on the aircraft’s flight envelope.  
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3.46. In the absence of this information, pilots commonly rely on rules of thumb to avoid 

VRS. Having to rely on ad-hoc procedures to avoid VRS is no substitute for having 

properly constructed graphs to hand that represent the location of the VRS onset 

boundary on the flight envelope as a function of the helicopter’s weight and the 

temperature-corrected altitude (see examples in Appendix 3, Figures 19 and 20). This 

lack of essential information increases the risk of pilots inadvertently entering VRS 

during routine flight operations.  

3.47. The absence of VRS information in the helicopter’s Flight Manual did not directly 

contribute to this accident. However, when this information is not available to a pilot, 

they are limited in their ability to anticipate and avoid VRS-conducive conditions. The 

provision of this information in all rotorcraft flight manuals would give pilots the best 

possible chance to avoid VRS.  

Vortex Ring State alerting systems 

Safety issue: Not all helicopters have a timely VRS alerting function installed, so that pilots 

can avoid entering flight conditions that may develop into VRS. The safety objective of an 

alerting function is to significantly reduce the number of accidents caused by inadvertent 

entry into VRS.  

3.48. The early signs of VRS cannot always be recognised by pilots unless they have been 

specifically trained to recognise them. The symptoms of incipient VRS differ from 

helicopter to helicopter, but include: 

• subtle changes in the vibration and noise from the rotor 

• wallowing in the trajectory of the aircraft 

• less precise response to controls. 

These symptoms are the precursors to those experienced when the aircraft is in fully 

developed VRS, which include:  

• increased rotor vibration and unsteadiness 

• thrust and torque fluctuations 

• loss of control effectiveness, and counter-intuitive control response 

• uncontrolled sudden increase in the rate of descent. 

3.49. VRS alerting systems are new technology with potential to improve flight safety by 

alerting the pilot to avoid the flight conditions that may develop into VRS. While this 

technology is installed on some new helicopters it would be technically difficult to 

retrofit most older helicopter models.  

Emergency locator transmitter (ELT) 

3.50. In the event of an aircraft accident, the primary function of an ELT is to automatically 

activate and transmit an encoded signal to the Cospas-Sarsat satellite network and 

subsequently a notification to the RCCNZ.  

3.51. The helicopter was equipped with an Artex C406-1HM ELT, mounted on the right side 

of the tail boom mounting cone. The ELT is designed to activate automatically on 

detection of impact g-forces over 2.3 g in the forward direction and 12.5 g in the 

other five perpendicular axes (rear, left, right, up and down).  
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3.52. The ELT had a rod-type antenna mounted on the top of the right rear cowling. A 

photo of the helicopter at the staging area shows an intact antenna, but it was found 

broken at the accident site, suggesting that it broke off during the accident sequence 

(see Figure 15).  

3.53. During interview, the crew member said that they heard the ELT’s audio alert after 

impact. Also, the pilot observed a red light emitting diode (LED) flashing on the ELT’s 

cockpit remote switch, indicating that the ELT had activated during the accident 

sequence.  

3.54. The ELT activated as intended, but was unable to transmit a signal because its 

antenna broke off during the accident sequence. As a consequence, RCCNZ did not 

receive a notification from the ELT. 

3.55. The Commission has previously made recommendations to the CAA to improve the 

performance of ELTs (Transport Accident Investigation Commission, 2014 and 2023). 

The importance of technology in tracking and locating has been an item on the 

Commission’s Watchlist since 2015 (Transport Accident Investigation Commission, 

Watchlist 2024). These technologies improve people’s chances of surviving aircraft 

accidents and incidents.   

 

 

Broken ELT antenna 

Figure 15: broken ELT antenna after the accident 

sequence 
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4 Findings 

Ngā kitenga 
4.1. It was exceptionally unlikely that engine or flight-control failures caused the 

helicopter to impact the terrain. 

4.2. On the flight to recover the patient, the pilot modified the operator’s recommended 

standard winch circuit. While flying the final approach the pre-winch tasks were 

incomplete, and the helicopter was not on a stable approach profile. 

4.3. The pilot’s visual attention was primarily focused outside the cockpit and, as a result 

of a reduced instrument scan, the conditions conducive to VRS were not immediately 

recognised. 

4.4. It is virtually certain that the helicopter entered Vortex Ring State while descending 

on the windward side of a ridgeline to recover the patient. 

4.5. The helicopter’s trajectory, in particular the helicopter’s descent rate and airspeed, 

became conducive to Vortex Ring State.  

4.6. Orographic uplift across the ridge along which the helicopter was flying and the 

helicopter’s pitch attitude during its deceleration both contributed to the early onset 

of Vortex Ring State.  

4.7. The helicopter’s height above the terrain provided insufficient opportunity for 

recovery from the Vortex Ring State. 

4.8. The helicopter manufacturer did not provide specific data about Vortex Ring State to 

assist pilots in avoiding this phenomenon.  

4.9. The Emergency Locator Transmitter activated as intended but was unable to transmit 

a signal because the antenna broke off during the accident sequence.  
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5 Safety issues and remedial action 

Ngā take haumaru me ngā mahi whakatika 

General  

5.1. Safety issues are an output from the Commission’s analysis. They may not always 

relate to factors directly contributing to the accident or incident. They typically 

describe a system problem that has the potential to adversely affect future transport 

safety. 

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

the Commission may issue a recommendation to address the issue.  

Inadequate flight manual information on Vortex Ring State  

Safety Issue: The helicopter’s Flight Manual did not include sufficient guidance for pilots to 

recognise and avoid the onset of VRS. This increased the risk of pilots inadvertently entering 

conditions conducive to VRS.  

5.3. Kawasaki Heavy Industries has taken the following action to address this issue: 

• On 8 October 2024 Kawasaki Heavy Industries published Service News KSN-117-

250, titled ‘Introduction of Airbus Helicopters Safety Information Notice 

Regarding the Vortex Ring State’. The primary purpose of this document is to 

inform pilots about how to recognize and avoid VRS.  

• Kawasaki Heavy Industries is proceeding to add a recommended maximum rate 

of descent to the KHI BK117 B-2 Flight Manual.  

5.4. The Commission welcomes the safety action that has been taken to date. However, it 

believes more action needs to be taken to ensure the safety of future operations. 

Therefore, the Commission has made a recommendation in Section 6 to address this 

issue.  

Vortex Ring State alerting systems 

Safety Issue: Not all helicopters have a timely VRS alerting function installed, so that pilots 

can avoid entering flight conditions that may develop into VRS. The safety objective of an 

alerting function is to significantly reduce the number of accidents caused by inadvertent 

entry into VRS. 

5.5. The Commission has made a recommendation in Section 6 to address this issue. 
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6 Recommendations 

Ngā tūtohutanga 

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. On 26 February 2025, the Commission recommended that Kawasaki Heavy Industries 

revise the Kawasaki BK117 B-2 Flight Manual to include specific data for Vortex Ring 

State to assist pilots in avoiding this phenomenon. (001/25) 
6.4. On 17 March 2025, Kawasaki Heavy Industries replied: 

Our company’s response to your document is “Accepted”. 

KHI is working on revising FLM to include specific data regarding the Vortex 

Ring State. 

As planned, KHI will submit the application to Japan Civil Aviation Bureau, start 

discussion in April, and complete them by June. 

6.5. On 26 February 2025, the Commission recommended to the Director of Civil Aviation 

at the Civil Aviation Authority of New Zealand that they promote, through the 

appropriate International Civil Aviation Organization (ICAO) forum, consideration for 

the requirement and implementation for Vortex Ring State alerting systems to be 

installed in new helicopters. (002/25) 

6.6. On 14 April 2025, CAA replied:  

CAA notes that Vortex Ring State (VRS) alerting systems are a developing 

technology. The technical feasibility, cost-effectiveness, and potential 

unintended consequences of such systems remain uncertain. The CAA will 

monitor development of VRS alerting systems and consider the best way to 

support the use of VRS. This recommendation is ‘Under Consideration’, the CAA 

will collaborate with TAIC to determine the best method for this to be raised for 

discussion, noting the CAA is not in a position to promote the activity with 

ICAO. 

6.7. On 14 May 2025, CAA provided an update: 

As of 13 May 2025, the CAAs position is that we will seek to engage in any 

future work that ICAO may undertake regarding VRS alerting systems. However, 

given the current maturity of the technology, it would be premature to actively 

promote this topic within ICAO forums at this time. The CAA will continue to 

review its position as the technology evolves and will discuss any updates in this 

area with TAIC. 



  

  Final Report AO-2023-010 | Page 32 

6.8. On 26 February 2025, the Commission recommended that the Director of Civil 

Aviation at the Civil Aviation Authority of New Zealand use the lessons from this 

report to raise awareness for helicopter pilots of the risks associated with 

inadvertently entering flight conditions that are conducive to Vortex Ring State. 

(003/25) 

6.9. On 14 April 2025, CAA replied:  

CAA accepts the importance of using lessons learned to continue to raise 

awareness of helicopter pilots of the risks associated with inadvertently entering 

flight conditions that are conducive to VRS. CAA notes this topic is already 

comprehensively covered in existing helicopter pilot training syllabi, operational 

manuals, and flight standards. The CAA also notes awareness already raised 

through additional reports, publications and workshops .  This recommendation 

is ‘Under Consideration’, the CAA will continue to raise awareness regarding VRS 

awareness as and when new information becomes available. 

6.10. On 14 May 2025, CAA provided an update: 

As of 13 May 2025, the CAA has reassessed its position and now considers this 

recommendation to be ‘Accepted and Implemented’. The CAA recognises the 

importance of applying lessons learned to raise awareness among helicopter 

pilots about the risks of inadvertently entering conditions conducive to VRS. The 

Authority has previously outlined how this topic is addressed through existing 

materials and outreach channels, and it will continue to update and disseminate 

VRS-related information as new data becomes available. 

6.11. On 26 February 2025, the Commission recommended to the Director of Civil Aviation 

at the Civil Aviation Authority of New Zealand that they promote, through the 

appropriate International Civil Aviation Organization (ICAO) forum, the need for 

additional information to be included in all rotorcraft flight manuals, to assist pilots in 

avoiding Vortex Ring State. (004/25)  

6.12. On 14 April 2025, CAA replied:  

CAA notes that Rotorcraft flight manuals are the responsibility of the original 

equipment manufacturers (OEMs) and are approved by the State of Design in 

accordance with ICAO and bilateral agreements. Current flight manuals already 

contain information on VRS recognition and avoidance. This recommendation is 

‘Under Consideration’, the CAA will collaborate with TAIC to determine the best 

method for this to be raised for discussion, noting the CAA is not in a position 

to promote the activity.   

6.13. On 14 May 2025, CAA provided an update: 

As of 13 May 2025, the CAAs position is that we do not consider this 

recommendation actionable unless there is clear evidence of a systemic and 

widespread lack of appropriate VRS information in existing flight manuals. 

Based on current assessments, this does not appear to be the case. Any 

proposals of this nature that are raised with ICAO should be supported by 

robust evidence of a significant, broad-based issue; therefore, the CAA will not 

be progressing this recommendation at this time. If evidence of a systemic issue 

of this nature comes to light in future, the CAA will engage with TAIC with a 

view to establishing a unified State position and an appropriate mechanism for 

raising it internationally. 
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7 Key lessons 

Ngā akoranga matua 
7.1. The omission of guidance by the helicopter manufacturer on the avoidance and 

recovery from Vortex Ring State poses a significant risk to operators.  

7.2. It is critical that helicopter pilots understand what Vortex Ring State is and how they 

can avoid entering it. 

7.3. Flying in mountainous terrain presents helicopter pilots with multiple challenges, 

including misinterpreting the air environment in which they are flying. Pilots need to 

use all available sources of information to ensure that they are not subject to visual 

illusions that might lead them to misjudge their forward speed and rate of descent, 

particularly when operating close to the ground. 

7.4. Standard operating procedures help ensure that an aircraft is operated and flown in 

as safe a manner as possible. Modifying these procedures can increase the risk of an 

adverse outcome.  
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8 Data summary 

Whakarāpopoto raraunga 

Aircraft particulars 

Aircraft registration: ZK-HHJ 

Type and serial number: Kawasaki BK117 B-2, serial number 1109 

Number and type of 

engines: 

2 x Honeywell LTS101-850B-2 

serial numbers LE-45655C and LE45809C 

Year of manufacture: 1996 

Operator: Search and Rescue Services Limited  

Type of flight: Commercial transport operations 

Persons on board: 3 

Crew particulars 

Pilot’s licence: Commercial pilot licence (helicopter) 

Private pilot licence (aeroplane)  

Pilot’s age: 57 

Pilot’s total flying 

experience: 

7257 hours 

Date and time 19 September 2023 at 1707 

Location Mount Pirongia, New Zealand 

latitude: -37° 59´ 28.68 

longitude: 175° 7´ 19.2 

Injuries Nil 

Damage Severe 
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9 Conduct of the inquiry 

Te whakahaere i te pakirehua 

9.1. On 19 September 2023, the Civil Aviation Authority of New Zealand notified the 

Commission of the occurrence.  

9.2. On 20 September 2023 the Commission opened an inquiry under section 13(1) of the 

Transport Accident Investigation Commission Act 1990 and appointed an 

Investigator-in-Charge. 

9.3. On 20 September 2023 a protection order was issued for the site and evidence to this 

inquiry.  

9.4. On 20 September 2023 three Commission investigators travelled to Hamilton to 

conduct interviews and secure evidence. On 21 September 2023 investigators 

accessed the site and secured the Flightcell DZMx.  

9.5. The Commission advised the Japan Transport Safety Board (JTSB) of the accident, and 

on 25 September 2023 the JTSB appointed an accredited representative as the State 

of Manufacturer in accordance with ICAO Annex 13.  

9.6. On 4 October 2023, at the request of the Commission, the New Zealand Defence 

Force extracted the wreckage from the site.  

9.7. On 5 October 2023 the wreckage was transported to the Commission’s technical 

facility in Wellington for further examination.  

9.8. On 9 March 2024 Sophrodyne Aerospace was engaged to provide expert advice.  

9.9. On 23 October 2024 the Commission approved a draft report for circulation to seven 

interested parties for their comment. 

9.10. Six interested parties each provided a detailed submission, and one party replied that 

they had no comment. Any changes as result of the submissions have been included 

in the final report. 

9.11. On 27 February 2025 the Commission approved the final report for publication.  
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Abbreviations 

Whakapotonga 
 

AGL above ground level 

CAA Civil Aviation Authority of New Zealand 

CARs Civil Aviation Rules 

CPL commercial pilot licence 

ELT emergency locator transmitter 

FAA Federal Aviation Administration, US Department of Transportation 

GPS global positioning system 

KHI Kawasaki Heavy Industries 

kg kilogramme 

kt knot 

ICAO International Civil Aviation Organization  

MBB Messerschmitt-Bolkow-Blohm 

NTSB National Transportation Safety Board 

NZST New Zealand Standard Time 

OGE out of ground effect 

PFD Primary Flight Display  

PPL private pilot licence 
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RCCNZ Rescue Coordination Centre New Zealand  

SOP Standard Operating Procedure 

STC Supplemental Type Certificate  

VRS Vortex Ring State 
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Glossary 

Kuputaka 
 

Exposition A manual which defines the organisation, identifies the approved 

senior persons and details the means of compliance with the Civil 

Aviation Rules. 

Flight envelope Defined by various parameters, flight envelope refers to the limits 

within which an aircraft can operate safely and efficiently. A flight 

envelope encompasses both normal and extreme flight conditions 

and is typically represented graphically. 

Flight manual  A controlled document kept in the cockpit that provides information 

about the aircraft, including system descriptions, limitations and 

normal and emergency procedures. 

Knot  A measurement of speed in nautical miles per hour, equivalent to 

1.85 km/h. 

National Air Desk A coordination and tasking function, operated by Hato Hone St John, 

that provides oversight, dispatch and clinical support functions to air 

ambulance services.  

 

New Zealand 

Standard Time 

Coordinated universal time +12 hours. 
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Appendix 1 Wreckage examination 

  

Figure 16: Splayed cross-tube 

Figure 17: Tail rotor 
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Engine No 2  

Engine No 1  

Main Rotor 

Transmission 

Figure 18: Engine drive shafts 
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Appendix 2  Operator’s standard winch circuit 
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Appendix 3 Predicted VRS onset boundaries for 

the BK117 B-2 helicopter 

 

 

 

Figure 19: Predicted VRS onset boundaries, showing the effect of 

aircraft mass (at ISA sea level conditions). 

(Credit: Dr Richard E. Brown, Sophrodyne Aerospace) 

 

Figure 20: Predicted VRS onset boundaries, showing the effect of air 

temperature (at 6,000 ft with aircraft mass 3,000 kg). 

(Credit: Dr Richard E. Brown, Sophrodyne Aerospace) 



 

 

 

  



  

   

 

  



 

 

Kōwhaiwhai - Māori scroll designs 
TAIC commissioned its four kōwhaiwhai, Māori scroll designs, from artist Sandy Rodgers (Ngāti Raukawa, 

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

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

haumaru) is ‘a vessel/vehicle in pursuit of understanding’. Waka is a 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 represents 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 a ‘Aviation’.  

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

Maritime: 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 ‘Maritime.  

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. 

 

 

  



  

   

 

Recent Aviation Occurrence reports published by 

the Transport Accident Investigation Commission 

(most recent at top of list) 

 

AO-2022-005 Boeing 737-484SF, ZK-TLL, Incorrect fuel configuration, Sydney to Auckland, 7 June 

2022 

AO-2023-001 Airbus Helicopters AS350B2 (ZK-IDB) and EC130B4 (ZK-IUP), reported close air 

proximity, Queenstown Aerodrome, 27 December 2022 

AO-2018-009 MD Helicopters 500D, ZK-HOJ, In-flight breakup, near Wānaka Aerodrome, 18 October 

2018 

AO-2022-002 Robinson R22, ZK-HEQ, loss of control inflight, Karamea, West Coast, 2 January 2022 

AO-2021-003 Airbus Helicopters AS350 B3e, ZK-ITD, loss of control in flight, Lammerlaw Range, 40 

km northwest of Dunedin Aerodrome, 16 September 2021 

AO-2020-002 Glider, Schleicher ASK21, ZK-GTG, Impact with Terrain, Mount Tauhara, Taupō, 31 May 

2020 

AO-2022-001 Ultramagic Balloons, N-250, ZK-MET, pilot ejection from basket on landing, Lyndhurst, 

near Methven, 1 January 2022 

AO-2021-001 Kavanagh Balloons E-260, ZK-FBK, hard landing and ejection of occupants, Wakatipu 

Basin, near Arrowtown, 9 July 2021 

AO-2019-007 Air traffic services outage, 30 September 2019 

AO-2019-005 BK-117-C1 ZK-IMK controlled flight into terrain (water), Auckland Islands, 22 April 2019 

AO-2020-003 Eurocopter EC120-B, ZK-HEK, Loss of control in flight and collision with terrain, 

Kekerengu, 50 kilometres northeast of Kaikoura, 15 December 2020 

AO-2019-006 Cessna 185A, ZK-CBY and Tecnam P2002, ZK-WAK, Mid-air collision, near Masterton, 

16 June 2019 
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