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DYNAMIC ROLLOVER

Canadian Helicopters Limited (doing business as Acasta HeliFlight Inc.)
Bell 206L-1 (helicopter), C-GIKX

Hope Bay Aerodrome, Nunavut, 8 NM SSW

14 September 2021

The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of advancing

transportation safety. It is not the function of the Board to assign fault or determine civil or criminal liability.
This report is not created for use in the context of legal, disciplinary or other proceedings. See the Terms
of use at the end of the report.

History of the flight

On 14 September 2021, at approximately 0643, the Canadian Helicopters Limited (doing business
as Acasta HeliFlight Inc.) Bell helicopter 206L-1 (registration C-GIKX, serial number 45672)
departed the Hope Bay Aerodrome (CHB3), Nunavut, to conduct a series of visual flight rules
(VFR) flights. The flights consisted of moving people and equipment in the Hope Bay mine area.
Between 0643 and 1300, the pilot conducted 13 takeoffs and landings, including a landing and
takeoff at Drill Site 10, located 8 nautical miles (NM) south-southwest of CHB3. The purpose of
the flight to Drill Site 10 was to deliver core boxes and conduct a shift change. The helicopter
landed at 0709. The drillers unloaded the core boxes and placed them on the ground to the right
of the helicopter, which took off at 0715 to go back to CHB3.

T All times are Mountain Daylight Time (Coordinated Universal Time minus 6 hours).
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At 1454, the helicopter departed the CHB3 helipad again for Drill Site 10 to drop off a hand -held
radio and pick up 2 phones. The pilot, who was the sole occupant on this flight, was seated in the
right seat and was wearing a lap belt, shoulder harness, and helmet. Wind conditions were not
recorded at the drill site; however, it was determined that as the helicopter approached to land
there was a quartering headwind from the left of approximately 10 to 15 knots. During the
approach the pilot noticed the core boxes to the right of the landing area and a driller who was
waiting for the helicopter to land. The driller had positioned himself facing the helicopter. As the
helicopter neared the ground the pilot noticed the driller was in a crouched position and was
looking at the helicopter tail area. This caught the attention of the pilot, who was concerned that
the tail may be in conflict with the upsloping terrain.

At 1501, the helicopter landed on its skid gear and maintained a 52% torque power setting. While
the helicopter was in this light-on-the-skids position, the pilot removed his left hand from the
collective,? and then opened the right seat pilot's door, though it could not be determined with
which hand. The pilot leaned out and turned his head to look back at the helicopter tail. While the
pilot's head was turned, the helicopter began to roll over on its right side, and the pilot attempted
to regain a hold of the collective. During this dynamic rollover, the main-rotor blades contacted
the ground and broke apart. The driller was fatally injured when he was hit by rotor blade debris.
The pilot, who was not injured, shut down the engine and exited the helicopter through the
broken front windscreen. There was smoke, but no fire. The 406 MHz emergency locator
transmitter activated and a signal was received by the Joint Rescue Coordination Centrein
Trenton, Ontario.

Pilotinformation

The pilot held a Canadian commercial pilot licence — helicopter issued on 22 February 2017, and a
valid Category 1 medical certificate. In March 2017, he was hired by Acasta HeliFlight Inc. for a
ground position and was trained as a Canadian Helicopters Limited pilot in 2018. At the time of
the occurrence, his licence was endorsed with the Bell 47, Bell 206, and Eurocopter EC30 ratings
and he had accumulated 879.1 total flight hours, with 722.7 hours on the Bell 206. Records
indicate that the pilot was certified and qualified for the flight.

Aircraftinformation

The occurrence helicopter was a Bell 206L-1. The helicopter is certified for land operations under
day and night VFR non-icing conditions. The minimum flight crew consists of 1 pilot, who
operates the helicopter from the right seat. The occurrence helicopter was builtin 1981, had a 2-
bladed rotor system with an 18.5 feet (5.63 m) rotor radius, and was powered by a single Allison
250-C30P engine. At the time of the occurrence, the helicopter had accumulated 15 746.2 hours
total air time.

2"The collective lever [...] alters the pitch, or angle of attack, of all main rotor blades by the same amount at the
same time. Raising the collective increases all main rotor blade angles of attack, resulting in an increase in
the total lift. [...] Decreasing collective will result in the opposite reaction. The primary effect of moving
collective will be a change in height, and the secondary effect is a change in yaw.” (Source: Transport
Canada, TP 9982, Helicopter Flight Training Manual, Second edition [June 2006], p. 12).
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On 27 July 2021, a 150-hour/12-month airframe inspection was completed. At the time of the
occurrence, the helicopter had flown 62.4 hours since this last inspection, and no abnormalities
had been reported.

The helicopter had been modified in accordance with several supplemental type certificates that
included the installation of an AAl high skid gear,® Dart bear paws,* an Aero Design cargo basket®
(installed on the right side), a Bristol wire strike protection system, and an Aero-Dyne engine
performance’ monitoring system.

Site examination

The TSB did not travel to the accident site. The Cambridge Bay RCMP (Royal Canadian Mounted
Police) and coroner attended the site, which was located at 68°01'05.46" N and 106°40'0643" W.
The terrain was soft to a depth of approximately 5 inches, uneven, and pockmarked by small
depressions and mounds.

The helicopter sustained significant damage and was lying on its right side on an easterly
heading. Most of the debris was located within a small area near the helicopter; however, pieces
of the main-rotor blades were found further away. The main-rotor blade assembly and mast
separated from the transmission and were found lying beside the helicopter. The engine exhaust
duct and cowling were crushed, and deformation of the upper wire strike cutter indicated that the
helicopter may have rolled almost 180° before falling back and coming to rest on its right side
(Figure 1).

Federal Aviation Administration, Supplemental Type Certificate SH2804SO-D, High Skid Landing Gear in
accordance with Aeronautical Accessories, Inc. Drawing List Report AA-90009, Revision P, dated June 22, 2006,
and installation per Report AA-9055, Revision H, dated July 28, 2004, or Report AA-93083, Revision S, dated
December 8, 2003 or later DAS approved revisions, issued on 02 August 2013.

Transport Canada, Supplemental Type Certificate SH92-17, Utility Equipment Kit,issued on 26 October 2001.
Transport Canada, Supplemental Type Certificate SH00-48, Installation of Cargo Basket/External Attachment
Provisions/Auxiliary Step/Quick Release Step, issued 05 October 2017.

Transport Canada, Supplemental Type Certificate SH93-46, Installation of Wire Strike Protection System in
accordance with FAA STC SH1173S0, issued 14 July 1993.

Transport Canada, Supplemental Type Certificate SH02-41, Installation of Helicopter Performance Monitoring
System, issued 01 October 2003.
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Figure 1. Photo of the wreckage showing the helicopter on its right side, the
main rotor and the core boxes (Source: Royal Canadian Mounted Police)

Core boxes

The helicopter tail boom was damaged, with the vertical fin and tail boom rotated 180°. The tail
rotor remained attached with damage to one blade indicating a low-energy impact with the
ground (Figure 2).

Figure 2. Photo of the tail rotor (Source: Royal Canadian Mounted Police)

The driller was found in front and to the left of the helicopter nose, 29 feet and 6 inches (9.02 m)
from the mast of the helicopter. A piece of the main rotor blade was found approximately 41 feet
(12.4 m) beyond the driller.
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The Aero-Dyne engine monitoring system data was sent to the TSB Engineering Laboratory in
Ottawa, Ontario, for analysis. The analysis did not identify any abnormalities with the engine or
rotor system, which were likely functioning normally at the time of the accident.

Weightand balance

A review of the empty and operational weight and balance information supplied by the company
revealed that the helicopter was within the specified limitations for the occurrence flight. At the
time of the occurrence, the helicopter had approximately 380 pounds of fuel on board.

Dynamic rollover

One of the hazards associated with helicopter operations is dynamic rollover, which may occur
during takeoff, landing, or hovering #° The principles of dynamic rollover™ are covered during
initial and recurrent training and were discussed during the pilot's recurrent ground training in
March 2021.

Dynamic rollover occurs when angular momentum causes a helicopter to roll or pivot around a
skid or landing gear, rather than its centre of gravity, until its critical rollover angle is reached. The
average angle at which it is impossible to stop an already rolling helicopter is approximately 15 to
17° depending on the helicopter, winds, and loading." Once the helicopter reaches the critical
rollover angle, the thrust produced by the main rotor, combined with the rolling moment, causes
the roll to continue, and recovery using cyclic input in the opposite direction may not be possible.
If the collective lever is increased during dynamic rollover, the increase in angular thrust will cause
the roll rate to increase. As a result, the corrective action for a dynamic rollover is to gently lower
the collective control. This action reduces the thrust produced by the main rotor, thereby
reducing the lateral thrust component responsible for the initiation of the rolling moment.

Dynamic rollover can be exacerbated ' if there is a lateral centre of gravity on the same side as
the direction of roll (e.g., dynamic rollover to the right with a right lateral centre of gravity). A
crosswind in the same direction as the rollover may also increase the roll rate. In this occurrence,
the pilot was seated in the right seat, a cargo basket was installed on the right side, and the
helicopter rolled to the right.

J. Watkinson, The Art of the Helicopter (Elsevier Butterworth-Heinemann, 2004), Section 4.19: Dynamic

rollover, p. 153.

9 Federal Aviation Administration, FAA-H-8083-21B, Helicopter Flying Handbook (2019), Chapter 11: Helicopter
Emergencies and Hazards, pp. 11-11 to 11-14.

0 Transport Canada, TP 9982, Helicopter Flight Training Manual, Second edition (June 2006), Exercise 9, The
landing, p. 37.

" Federal Aviation Administration, FAA-H-8083-21B, Helicopter Flying Handbook (2019), Chapter 11: Helicopter
Emergencies and Hazards, pp. 11-11 to 11-14.

12 J. H. Schmid, "Preventing dynamic rollover,” Flight Safety Foundation, Helicopter Safety, Vol. 14, No. 1

(January/February 1989), pp. 1-3, at http://flightsafety.org/hs/hs_jan-feb89.pdf (last accessed
14 March 2022).
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Safety action taken

Following the accident, Canadian Helicopters Limited / Acasta HeliFlight Inc. published 2 articles
in the company’s newsletter, one on dynamic rollovers and the other on the accident, drawing
attention to the facts and circumstances.

Safety message

This fatal occurrence highlights how important it is for helicopter pilots to be vigilant with their
flight controls when on the ground or light-on-the-skids to minimize the conditions that could
lead to a dynamic rollover.

This report concludes the Transportation Safety Board of Canada’s investigation into this
occurrence. The Board authorized the release of this report on 16 March 2022. It was
officially released on 23 March 2022.

Visit the Transportation Safety Board of Canada’s website (www.tsb.gc.ca) for information
aboutthe TSB and its products and services. You will also find the Watchlist, which
identifies the key safety issues that need to be addressed to make Canada’s transportation
system even safer. In each case, the TSB has found that actions taken to date are
inadequate, and that industry and regulators need to take additional concrete measures to
eliminate the risks.
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ABOUT THIS INVESTIGATION REPORT

This report s the result of an investigationinto a class 4 occurrence. For more information, see the Policy on
Occurrence Classification at www.tsb.gc.ca

The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of advancing
transportation safety. It is not the function of the Board to assign fault or determine civil or criminal liability.

TERMS OF USE
Use in legal, disciplinary or other proceedings

The Canadian Transportation Accident Investigation and Safety Board Act states the following:
e 7(3) No finding of the Board shall be construed as assigning fault or determining civil or criminal liability.
e 7(4) The findings of the Board are not binding on the parties to any legal, disciplinary or other proceedings.

Therefore, the TSB's investigations and the resulting reports are not created for use in the context of legal, disciplinary
or other proceedings.

Notify the TSB in writing if this investigationreportis being used or might be used in such proceedings.
Non-commercial reproduction

Unless otherwise specified, you may reproduce this investigationreportin whole orin part for non-commercial

purposes,and in any format, without charge or further permission, provided you do the following:

e Exercise due diligence in ensuring the accuracy of the materials reproduced.

e Indicate the complete title of the materials reproduced and name the Transportation Safety Board of Canada as the
author.

e Indicate that the reproductionis a copy of the versionavailable at [URL where original document is available].

Commercial reproduction

Unless otherwise specified, you may not reproduce this investigationreport,in whole orin part, for the purposes of
commercial redistribution without prior written permission from the TSB.

Materials under the copyright of another party

Some of the content in this investigationreport (notablyimages onwhich a source otherthan the TSB is named) is
subject to the copyright of another party and is protected under the Copyright Act and international agreements. For
information concerning copyright ownership and restrictions, please contact the TSB.
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