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Section/division Occurrence Investigation Form Number: CA 12-12a 

AIRCRAFT ACCIDENT REPORT AND EXECUTIVE SUMMARY 
 
 

 Reference: CA 18/2/3/8693 

Aircraft Registration ZS-RWD Date of Accident 26 September 
2009 Time of Accident 0645Z 

Type of Aircraft Robinson R44 Raven II Type of Operation Private 

Pilot-in-command Licence Type Private Age 42 Licence Valid Yes 

Pilot-in-command Flying Experience Total Flying Hours 107.9 Hours on Type 21.4 

Last point of departure Private helicopter landing pad in the Muldersdrift area (Gauteng) 

Next point of intended landing Private helicopter landing pad in the Muldersdrift area (Gauteng) 

Location of the accident site with reference to easily defined geographical points (GPS readings if possible) 

Open grassland in the Muldersdrift area (GPS co-ordinates: S26º 04’ 8.87” E027º 51’ 23.04”) 

Meteorological Information Temperature 19ºC, dew point 11ºC, surface wind calm, no cloud,  
visibility < 4 000 km 

Number of people on board 1 + 1 No. of people injured 0 No. of people killed 0 

Synopsis  

On 26 September 2009 at approximately 0645Z, the pilot, accompanied by a passenger, took off from a private 
helipad in the Muldersdrift area on a private, visual flight rules (VFR) flight. 
 
During the take-off, at a height of approximately 20 ft and whilst in the transition phase at a speed of 
approximately 25 kts, the engine and rotor revolutions per minute (RPM) decayed. The pilot stated that he 
opened the throttle and lowered the collective pitch lever as much as possible, considering the height above 
ground level, but the engine and rotor RPM continued to decay. The pilot then elected to perform a forced 
landing. A hard landing followed during which the main rotor blades severed the tail boom and the helicopter 
rolled over onto its left-hand side. 
 
The helicopter was substantially damaged during the accident sequence. 
 
Neither the pilot nor the passenger sustained any injuries as a result of the accident. 

Probable Cause 

Over-pitching during take-off resulted in a hard landing and the helicopter rolling over. 
 
Contributing factors: 
Incorrect take-off technique. 
Impaired performance due to high density altitude  

IARC Date  Release Date  
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Section/division Occurrence Investigation Form Number: CA 12-12a 
Telephone number: 011-545-1000 E-mail address of originator: thwalag@caa.co.za 

AIRCRAFT ACCIDENT REPORT 

 
Name of Owner/Operator : Inkosi Management Consultants CC 
Manufacturer   : Robinson Helicopter Company 
Model    : R44 Raven II 
Nationality    : South African 
Registration Marks  : ZS-RWD 
Place    : Muldersdrift (Gauteng) 
Date     : 26 September 2009 
Time     : 0645Z 
 
All times given in this report are co-ordinated universal time (UTC), and will be denoted by (Z). South African 
Standard Time is UTC plus two hours. 
 
Purpose of the Investigation: 
 
In terms of Regulation 12.03.1 of the Civil Aviation Regulations (1997), this report was compiled in the 
interests of the promotion of aviation safety and the reduction of the risk of aviation accidents or incidents 
and not to establish legal liability.  
 
Disclaimer: 
 
This report is produced without prejudice to the rights of the CAA, which are reserved. 
 
 
1. FACTUAL INFORMATION 
 
1.1 History of Flight 
 
1.1.1 On 26 September 2009 at approximately 0645Z, the pilot of ZS-RWD, a Robinson 

R44 Raven II helicopter, took-off from a private helicopter landing pad in the 
Muldersdrift Area on a private, VFR flight. The pilot was accompanied by a 
passenger. 

 
1.1.2 According to the pilot during an interview after the accident, he lifted off and brought 

the helicopter into the hover at a height of approximately 6–8 ft above ground level 
(AGL). All instrument indications were normal at this time. 

 
1.1.3 The pilot then ascended while in hover flight to a height of approximately 20 ft AGL. 

He then lowered the nose and initiated forward flight (transition phase). At an 
indicated airspeed (IAS) of approximately 25 kts, both engine and rotor RPM started 
to decay.  

 
1.1.4 As the helicopter was close to the ground, the pilot further opened the throttle and 

lowered the collective pitch lever as much as possible considering the low altitude. 
 
1.1.5 The engine and rotor RPM continued to decay and the pilot opted to carry out a 

forced landing. A hard landing followed, during which the main rotor blades severed 
the tail boom and the helicopter rolled over onto its left-hand side. 
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1.2 Injuries to Persons 
 

Injuries Pilot Crew Pass. Other 
Fatal - - - - 
Serious - - - - 
Minor - - - - 
None 1 - 1 - 

 
 
1.3 Damage to Aircraft 
 
1.3.1 The aircraft sustained substantial damage during the accident sequence. The aft 

part of the tail boom was severed from the helicopter. 
 

 
 

Figure 1: Damaged caused to the helicopter as a result of the accident 
 
 
1.4 Other Damage 
 
1.4.1 No other damage was caused as a result of the accident. 
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1.5 Personnel Information 
 
1.5.1 Pilot-in-command: 
 

Nationality South African Gender Male Age 42 
Licence Number ***************** Licence Type Private  
Licence Valid Yes Type Endorsed Yes 
Ratings None 
Medical Expiry Date 28 February 2010 
Restrictions None 
Previous Accidents None 

 
1.5.2 Pilot-in-command Flying Experience: 
 

Total Hours 107.9 
Total Past 90 Days 24 
Total on Type Past 90 Days 21.4 
Total on Type 21.4 

 
1.5.3 The pilot did his initial helicopter training in Durban, which is at sea level. His 

conversion onto the R44 was done in Pretoria, which left the pilot with limited 
experience flying at altitude (high density altitude conditions). 

 
 
1.6 Aircraft Information 

 
1.6.1 Airframe: 

 
Type Robinson R44 Raven II 
Serial Number 10613 
Manufacturer Robinson Helicopter Company 
Year of Manufacture 2005 
Total Airframe Hours (At Time of Accident) 982.5 
Last MPI (Date & Hours) 14 November 2009 977.9 
Hours Since Last MPI 4.6 
C of A (Issue Date) 08 February 2005 
C of R (Issue Date) (Present Owner) 12 October 2007 
Operating Categories Standard 

 
1.6.2 Engine: 

 
Type Textron Lycoming IO-540-AE1A5 
Serial Number L-28971-48A 
Hours Since New 982.5 
Hours Since Overhaul TBO not yet reached 
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1.6.3 Weight and balance calculations: 
  

 Weight 
(lbs) 

Arm 
(in) 

Moment 
(in.lbs) 

A/C empty weight 1 511 107.4 152 277 
Pilot (85 kg) 187 49.5 9 801 
Fwd passenger (127 kg) 280 49.5 13 860 
Fuel main tank (31.6 US gal) 190 106.0 20 140 
Fuel aux tank (15 US gal) 90 102.0 9 180 
Total  2 258 90.90 205 258 

 
The maximum certificated take-off mass for the helicopter as stipulated in section 2, 
“Limitations” of the Pilot’s Operating Handbook is given as 2 500 lbs (1 134 kg). 
 
Centre of Gravity (CG) = Total Moment ÷ Total Weight 
    = 205 258 ÷ 2 258 
    = 90.90 in 

 
1.6.3.1 The fuel conversion factor used to compile this report was  

1 US gal = 6 lbs. 
 
1.6.3.2 The helicopter was operating outside its allowable CG envelope as indicated 

by the graph attached to this report as Appendix A. (See Appendix A.) 
 
 
1.7 Meteorological Information 
 

Wind 
Direction  

000ºM Wind Speed  Calm Visibility  < 4 km 

Temperature  19ºC Cloud Cover  No cloud Cloud Base  Nil 
Dew Point  11ºC   

 
1.7.1 Weather information was obtained from the South African Weather Service. 
 
1.7.2 According to the density altitude chart tabled in section 5 of the Pilot’s Operating 

Handbook, at 4 755 ft pressure altitude and a temperature of 19ºC, the density 
altitude would have been about 6 100 ft. The chart can be found attached to this 
report as Appendix B. (See Appendix B.) 

 
 
1.8 Aids to Navigation 
 
1.8.1 The aircraft was equipped with the standard navigational equipment as per the 

approved minimum equipment list approved by the regulator. There were no 
recorded defects to any of the navigational equipment prior to the flight. 

 
 
1.9 Communications 
 
1.9.1 The aircraft was equipped with one very high frequency (VHF) radio, which was 

approved within the minimum equipment list as approved by the regulator. There 
were no recorded defects to any of the  communication equipment prior to the flight. 

 



  
 

CA 12-12a 23 FEBRUARY 2006 Page 6 of 13 
 

 
1.10 Aerodrome Information 
 
1.10.1 The accident did not occur at or close to an aerodrome.  
 
 
1.11 Flight Recorders 
 
1.11.1 The helicopter was not fitted with a cockpit voice recorder (CVR) or a flight data 

recorder (FDR), and neither was required by regulations to be fitted to this type of 
helicopter. 

 
 
1.12 Wreckage and Impact Information 
 
1.12.1 The accident site was in an open grass field approximately 195 m from the last 

point of departure, which was a private helipad at Muldersdrift, Gauteng   
(S 26º 04’ 8.87” E027º 51’ 23.04”), at an elevation of 4 755 ft. 

 
1.12.2 The impact direction was at 300ºM. The left skid made contact with rough ground, 

resulting in the helicopter nosing forward. The pilot then counteracted this 
movement by pulling back on the cyclic control stick. The main rotor blades then 
made contact with the tail boom and as a result severed the tail boom. 

 
1.12.3 The separated tail boom (including the tail rotor gearbox) was found approximately 

25 m in a southerly direction from the main wreckage.  
 

 
 

Figure 2: The wreckage from the aft position 
 
1.12.4 After the tail boom was severed from the helicopter, the helicopter rolled over facing 

a direction of 060ºM. 
 
1.12.5 Both main rotor blades were intact although they were substantially damaged 

during the sequence of the accident. 
 

 
 
 

1.13 Medical and Pathological Information 

Separated tail boom and tail rotor gearbox 
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1.13.1 Neither the pilot nor the passenger sustained injuries during the sequence of the 

accident. 
 
 
1.14 Fire 
 
1.14.1 There was no pre- or post-impact fire. 
 
 
1.15 Survival Aspects 
 
1.15.1 This accident was considered survivable due to the low-impact forces on the 

fuselage of the helicopter. The pilot and passenger were properly restrained by the 
helicopter-equipped, three-point safety harnesses, which did not fail during the 
accident sequence. The cockpit/cabin area sustained very little to no damage. 

 
 
1.16 Tests and Research 
 
1.16.1 Following recovery of the helicopter, the engine – a Lycoming IO-540-AE1A5 (serial 

number L-28971-48A) – was removed from the fuselage and subjected to a bench 
test. During the test, no abnormalities were found. The engine test record can be 
found attached to this report as Attachment C. (See Attachment C.) 

 
 
1.17 Organisational and Management Information 
 
1.17.1 The last mandatory periodic inspection (MPI) on this helicopter was certified on  

14 September 2009 on 977.9 hours by an approved aircraft maintenance 
organisation (AMO). 

 
1.17.2 This was a private flight. 
 
 
1.18 Additional Information 
 
1.18.1 Air Density and Flight:  
 

Reference: Meteorology for Pilots, Pg. 19–21, by KM Wickson  
 

Low air density can considerably reduce the performance of engines and airframes; in 
the former case because of the reduction in the mass of air entering the engine. For 
airframes, the amount of lift from a wing is directly proportional to the density. For these 
reasons, for both take-off and landing when density is very low, the pilot must either 
use a longer take-off and landing run or, alternatively, reduce the aircraft weight (either 
fuel or payload). Cruising at height in a jet aircraft, the lower density gives reduced 
thrust. However, the aircraft’s drag is also reduced because of the lower density and 
the lower thrust produced by the engine means it will have a lower fuel consumption. 
As a consequence, fuel consumption can be expected to reduce as height increases.  
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For helicopters, the engine effects are as for fixed-wing aircraft. The equivalent to lift 
from a wing is lift from the rotor blades. In high density altitude conditions, the rotor 
blades have to be set at a higher angle of attack, and this makes the retreating blade 
more liable to stall. A lower density can also significantly reduce the hovering ceiling. 
Lastly, in extreme cases of low density, vertical take-off or landing may not be possible, 
necessitating a ’running’ take-off and landing.  
 
Low-density conditions are most likely to occur where:  

 
• Airfield elevation is high (hence low pressure)  
 
• Temperature is high, and  

 
• Humidity is high.  
 
Each of these will produce high density altitude. An airfield with a high elevation near 
the equator in the rainy season will therefore suffer from all the high density altitude 
effects. 
 

1.18.2 Density Altitude:  
 

Performance of an aircraft, and particularly for helicopters, is often argued against the 
term density altitude. This is the height in the international standard atmosphere (ISA) 
that has a density corresponding to the actual ambient density at a specific location. 
Alternatively, it can be considered as the pressure altitude corrected for temperature. 
Hence, if reference is made to a high density altitude, it means that the air density as 
such, must be low.  

 
1.18.3 Over-pitching 
 
 Reference: Principles of Helicopter Flight, by WJ Wagtendonk, Pg 81 – 82  
 

Over-pitching is different from recirculation, even though the symptoms have similarity. 
While over-pitching can occur at any altitude and at various stages of flight, it is more 
likely to occur when approaching a hover or during hover.  
 
If the rotor RPM decreases during those phases (for whatever reason), total rotor thrust 
reduces and an unwary pilot might attempt to restore the rotor thrust by pulling up the 
collective. This action invariably tilts the total reaction away from the axis of rotation, 
worsening the total rotor thrust / rotor drag ratio. Thus, up collective will only result in 
further decay in rotor RPM.  
 
Decaying rotor RPM also causes the helicopter blades’ coning angles to increase. The 
consequence of this is that, firstly, the disc becomes smaller so that rotor thrust falls off. 
Secondly, large coning angles cause rotor thrust to point inwards so that smaller 
vertical components become available to overcome the helicopter’s weight.  
 
There comes a stage where the rotor RPM is so low that even full power can no longer 
restore it. This is the beginning of over-pitching. Any further rising of the collective 
creates more rotor drag and rotor RPM decays even further. The recovery action from 
over-pitching is to lower the collective lever to increase rotor RPM. This will cause the 
helicopter to lose some height.  
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Over-pitching may occur when approaching a high-altitude landing site if the power 
required to hover is not available. As airspeed decreases and the need for power 
increases, the helicopter descent rate builds if the engine cannot supply the power 
required. Pilots who then instinctively pull up the collective to arrest the sink rate are in 
trouble. The high inflow angles and associated rotor drag quickly decay the rotor RPM 
and the stage is set for over-pitching. The best scenario ends in hard landing, while the 
worst-case scenario ends in full rotor stall, at which point the helicopter virtually falls out 
of the sky. 

 
 
1.19 Useful or Effective Investigation Techniques 
 
1.19.1 None considered necessary. 
 
 
2. ANALYSIS 
 
2.1 The pilot was properly licensed and qualified for the flight, and was in possession of 

a valid medical certificate that imposed no restrictions. Most of the pilot’s training 
and flying was done at sea level. 

 
2.2 The accident aircraft was properly certified, equipped and maintained in accordance 

with prescribed regulations. The recovered components showed no evidence of any 
pre-existing system, structural or power plant failures. 

 
2.3 An engine test after the accident revealed no operational abnormalities in the 

engine. 
 
2.4 The helicopter was operated within the prescribed maximum gross weight limitation 

of 2 500 lbs. 
 
2.5 The helicopter was operated outside the prescribed centre of gravity limitations as 

prescribed by the manufacturer. 
 
2.6 The temperature of the day contributed to a high density altitude. 
 
2.7 The take-off was performed at a height of 4 755 ft. The density altitude was 

approximately 6 100 ft, with a temperature of 19°C. 
 
 
3. CONCLUSION 
 
3.1 Findings 
 
3.1.1 The pilot was properly certified and qualified according to the current Civil Aviation 

Regulations. 
 
3.1.2 The aircraft was properly certified, equipped and maintained in accordance with 

current Civil Aviation Regulations. 
 
3.1.3 The operation of the engine was without any abnormality. 
 
3.1.4 Weather (temperature) contributed to a high density altitude. 
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3.1.5 C of G of a/c was slightly forward of the forward limit for the weight involved. 
 
3.1.6 The investigator is of the opinion that density altitude was not taken into 

consideration during the execution of the take-off. 
 
 
3.2 Probable Cause/s 
 
3.2.1 Over-pitching during take-off resulted in a hard landing and roll-over. 
 
 
3.3 Contributing factors 
 
3.3.1 Incorrect take-off technique. 
 
3.3.2 Impaired performance as a result of high density altitude. 
 
 
4. SAFETY RECOMMENDATIONS  
 
4.1 The Testing Standards Department at the SACAA should inform all helicopter 

instructors to place more emphasis on high-altitude operations/techniques during 
training of new helicopter pilots.  

 
 
5. APPENDICES 
 
5.1 Appendix A  Allowable loaded moment vs gross weight envelope 
 
5.2 Appendix B  Density altitude chart 
 
5.3 Appendix C  Engine test record 
 
 
 

Report reviewed and amended by the Advisory Safety Panel on 16 February 2010 
-END- 
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Appendix A 

 

 
The helicopter had a maximum take-off weight of 2 258 lbs with a moment of 205 258 for this flight. 
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Appendix B 
 

 
According to the density altitude chart, the density altitude would have been approximately 
6 100 ft for a temperature of 19°C at 4 755 ft. 
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Appendix C 
 

 
 


