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 CA18/2/3/7940 

SOUTH AFRICAN CIVIL AVIATION AUTHORITY 
 

AIRCRAFT ACCIDENT REPORT AND EXECUTIVE SUMMARY 

Aircraft Registration  ZS-RFJ Date of Accident 04 April 2005 Time of Accident 1330Z 

Type of Aircraft Macdonald Douglas 369E Type of Operation Crime prevention and patrol 

Pilot-in-command Licence Type  Commercial Age 46 Licence Valid No 

Pilot-in-command Flying Experience  Total Flying Hours 950.0  Hours on Type 175.6 

Last point of departure  Rand Aerodrome (FAGM) 

Next point of intended landing Springs Aerodrome (FASI) 

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

On top of the house at Torquay road, Lakefield in Benoni (S26°10.691  E028°16.911)  

Meteorological Information Surface wind 200°/06 knots, Temperature 21,5°C, QNH  1025 and Dew point 
8,0°C 

Number of people on board 1  +  2 No. of people injured     2 No. of people killed       1 

Synopsis  

On 04 April 2005 at approximately 1330Z, an MD 369E helicopter, Registration No: ZS-RFJ, 
owned and operated by the South African Police Services (SAPS) crashed onto a residential 
house in Lakefield, Benoni. The aircraft was engaged in a law-enforcing flight with three 
occupants on board. The pilot and the crew member (sitting in the back seat) were seriously 
injured and the crew member (sitting in the left front seat) was fatally injured. The aircraft was 
destroyed during the impact sequence and the house was substantially damaged.  
 
The last Mandatory Periodic Inspection (MPI) prior to the accident was carried out on 07 March 
2005 with a total of 3560.4 airframe hours. The aircraft had flown a total of 33.6 airframe hours 
since the last MPI was carried out. The SAPS operated their own Aircraft Maintenance 
Organisation (AMO165) which was audited on 13 September 2004 prior to the accident, and no 
major findings were reported by the authorities’ audit team. The AMO who was responsible for 
maintenance of the aircraft was audited on 13 January 2005 prior to the accident. According to 
the SACAA records at the time of compiling this report, no major findings were identified. The 
AMO (NAC 027) who performed the maintenance on the engine prior to the accident was audited 
on 06 September 2004 by SACAA. According to available records, no major findings were 
identified at the time of compiling this report.       
 
  
Probable Cause  
During the flight, a turbine blade failure caused an engine surge and with subsequent loss of 
engine power. The helicopter entered into a left-hand turn from which the pilot was unable to 
recover.   
A contributing factor could have been the lack of experience on the aircraft type by the helicopter 
pilot.  
 
 
 
 
IARC Date 26 February 2008   Release Date  
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 AIRCRAFT ACCIDENT REPORT 
 

  
 
Name of Owner/Operator : South African Police Services 
Manufacturer   : Macdonnell-Douglas 
Model    : 369E 
Nationality    : South African 
Registration Marks  : ZS-RFJ 
Place    : On top of the house at Torquay road, Lakefield in Benoni 
       (S26°10.691 E028°16.911) 
Date     : 04 April 2005 
Time     : 1330Z 
 
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 2 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 given without prejudice to the rights of the CAA, which are reserved. 
 

 
1. FACTUAL INFORMATION 
 
1.1 History of Flight 
 
1.1.1 On the day of the accident, the crew of helicopter ZS-RFJ arrived at the Johannesburg 

Police Air wing facility at Hangar 32, Rand Aerodrome, Germiston, at approximately 
0600Z. . 

 
1.1.2 They were tasked to pick up two police forensic experts awaiting their arrival at 

Krugersdorp Aerodrome. The crew waited while another crew completed a power 
check on the helicopter and once completed the helicopter departed at approximately 
0730Z from Rand Aerodrome. Whilst en-route to Krugersdorp, the pilot performed 
another power check. 

 
1.1.3 The helicopter arrived at Krugersdorp at approximately 0755Z. The person occupying 

the rear seat disembarked from the aircraft, while the two forensic experts boarded the 
aircraft. The aircraft departed to an undisclosed destination and it returned to 
Krugersdorp at approximately 0820Z. After the two forensic police members had 
disembarked, the crew member boarded again and they returned to Rand Aerodrome 
for refuelling. 

 
1.1.4 The aircraft with the same crew then departed Rand Aerodrome at  approximately 

0900Z on a call out for an activated bank alarm in Bryanston. However, the alarm was 
false, and they landed at Cresta Shopping Centre for a lunch break. 
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1.1.5 One-and-a-half hour later, they departed from Cresta shopping centre helipad, en 

route to Rand Aerodrome for refuelling. After arrival at Rand Aerodrome, the helicopter 
was shut down, and refuelled. At approximately 1250Z, the pilot informed the crew 
member that they were going to perform another power check. They departed Rand 
Aerodrome, completed the power check and then performed routine police patrol 
activities with a routing along the N12 highway towards Johannesburg. 

 
1.1.6 The pilot, after contacting Johannesburg International Aerodrome tower, was given 

instructions to remain east of Runway 03R. At approximately 1320Z, while in a left- 
hand turn, the crew member (occupying the rear seat) noted that the generator 
warning light illuminated and the main rotor rpm decayed from 100% to approximately 
70%  to down below the green arc. The crew member reported that the aircraft then 
went into a steeper bank to the left and began spiralling. At the time, they were at an 
altitude of approximately 800 feet above ground level. He further stated that at the time 
Johannesburg ATC was diverting them, due to the fact that they were going to interfere 
with the aircraft movements on the approach path to Runway 03. The helicopter was in 
a left-hand turn when they impacted the roof of a house in a residential 
neighbourhood. 

 
1.1.7 The pilot suffered amnesia and had no recollection of the accident sequence. 
 
1.1.8 At the time of the accident, the crew had flown a total of 3.7 flight hours for the day. 

The accident happened during daylight conditions.   
 
     
1.2 Injuries to Persons 
 
1.2.1 The crew member occupying the left front seat was fatally injured with the pilot 

sustaining serious injuries. The other crew member suffered minor injuries only. 
 
 

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

 
 
1.3 Damage to Aircraft 
 
1.3.1 The aircraft was destroyed during the impact. 
 
 
1.4 Other Damage 
 
1.4.1 The aircraft crashed onto a residential house and  caused substantial damage to the 

roof and wall structures. Damage was also caused to the personal possessions inside 
the house.   
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  Picture1: View of the helicopter, after it had crashed into the roof of the house. 
 
 
 
 
 
 
1.5 Personnel Information 
 

Nationality South African Gender Female Age  
Licence Number ************** Licence Type Commercial 
Licence valid No Type Endorsed Yes 
Ratings Night Rating 
Medical Expiry Date 17 February 2005 
Restrictions None 
Previous Accidents None 

 
 
 Flying Experience:  
 

The following information was taken from the pilot logbook, which was last updated on 
01 April 2005, three days prior to the accident flight.    

 
 

 
 
 
 

Total Hours 950 
Total Past 90 Days 148 
Total on Type Past 90 Days 148 
Total on Type 175.6 
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1.5.1 According to SACAA records, both the pilot’s flying licence and her medical certificates 
were not valid at the time of the accident; however the pilot had completed her 
conversion onto the aircraft type which had been certified in her logbook on 10 
November 2004. It would also appear as if the pilot did not submit her medical 
certificate to the SACAA. 

 
1.5.2 According to her flying logbook, she started her introductory flight on 16 July 1999   

which lasted 0.7 flight hours on the Robinson R22. From 13 September 1999 to 26 
July 2000 there were no records of any flying carried out by the pilot. She then 
converted to a Robinson R44 on 19 July 2002. The dual flight duration, including the 
test flight, was 5.8 flying hours. On 15 January 2003 she was tested for a night flying 
rating and was found to be proficient after a total of 10.2 flying hours.  

 
1.5.3  On 03 March 2003, the pilot carried out a dual check flight on a Robinson R44 and 
 then started working for Netstar. Her job description included scenic flights for tourists, 
 Netstar vehicle search flights, charter flights and photographic flights.  
 
1.5.4 On 07 December 2004 she started turbine conversion training on an MD 500 with the 

SAPS. The pilot flew a total of 10.2 dual flight hours and 0.2 solo hours. The pilot was 
converted by a Grade II instructor. This conversion was certified in her flying logbook 
on 10 December 2004.   

   
 
1.6 Aircraft Information 

 
Airframe: 
 
Type Macdonald Douglas 369E  
Serial Number 0522E 
Manufacturer Macdonald-Douglas 
Year of Manufacture 1995 
Total Airframe Hours (At time of Accident) 3594.00 

Last MPI (Date & Hours) 01 November 
2004 

3531.0 

Second stage turbine blade  
replacement (Date and Engine Hours) 

07 March 2005 5160.4 

Hours since Last MPI 63.00 
C of A (Issue Date) 06 September 1995 
C of R (Issue Date) (Present owner) 23 August 1995 
Operating Categories Standard 
Currency fee 04 April 2005 (Valid) 
Type accepted in South Africa 23 August 1995 
AD’s and SB’s status Complied with 

 
NOTE: The aircraft had operated for approximately 33.6 hours since the second stage turbine 
 disk was replaced. 
 
1.6.1 The aircraft was deregistered from the United States Civil Aircraft Register on 21 July 
 1995. The aircraft was first registered into the SACAA register on 23 August 1995. 
 The export Certificate of Airworthiness was issued during the process of the transfer. 
 
1.6.2 The Certificate of Airworthiness was valid and certified to operate under the categories 

C, D, E, and F.   
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Engine: 
 
Type Allison 250-C20B 
Serial Number CAE 835790 
Hours since New 5326 
Hours since Overhaul 3023.1 

 
 
1.6.3 The helicopter had completed a total of 15.5 flight hours when it was exported to South 

Africa. On importation of the helicopter on 20 November 1996 engine serial number 
CAE 835790 was installed with a total time of 2801.7 hours since new.  According to 
the aircraft maintenance logbooks on 03 September 2001, the engine assembly was 
repaired due to low power indication. On 24 February 2003 the compressor assembly 
was also repaired due to low power indication.  On 19 December 2003 the engine 
assembly was repaired due to a compressor stall. 

 
1.6.4 On 17 January 2005 the turbine assembly (S/N X527729) was removed by the AMO 

027 after an over temperature was reported by the operator. A new turbine assembly 
(S/N X529721) was fitted and certified by the AMO on 17 January 2005. This 
replacement was as per the maintenance manual, which requires that if over 
temperature is reported the first stage wheel should be replaced.  

 
1.6.5 On 21 October 2004 second stage turbine assembly was removed while under going 

an NDT inspection and was replaced by second stage turbine assembly serial number 
CAT-33943. The reason for the removal was found that the first stage nozzle burned. 
On 07 March 2005 the second stage turbine assembly serial number CAT-33943 was 
removed and was replaced by second stage turbine assembly serial number CAT-
24425 was fitted after under going an NDT inspection.  

 
1.6.6 Maintenance records of the radial clearance limits showed that there are two limits, 

categorized as reworked and without rework.  The limits should be between 0.012 and 
0.016, and in this accident the clearance was found to be 0.02, which was found to be 
out of the limit. 

 
1.6.7  A flight test was carried out on 07 March 2005, and the aircraft was found to be
 serviceable. 
 
  
 
   
1.7 Meteorological Information 
 
1.7.1 The following information was obtained from the South African Aviation Weather 
 Service Report:  
 

 Wind direction 200° Wind speed  06 Knots Visibility  10 Km+ 
Temperature  21,5°C Cloud cover  SCT 8000 QNH  1025 
Dew point  8,0°C   

 
1.7.2 The weather did not contribute to the accident. 
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1.8 Aids to Navigation   
 
1.8.1 The aircraft was fitted with standard communication navigation equipment. The pilot 

was flying according to visual flight rules (VFR) at the time of the accident. No 
malfunctions  relating to the navigation equipment were reported by the pilot during 
flight.     

 
 
1.9 Communications 
 
1.9.1  The pilot communicated with the Johannesburg International tower on the VHF 

frequency 118.1 MHZ, and was given instructions to remain east of Runway 03R. No 
distress call was recorded or made by the pilot.  

 
  
1.10 Aerodrome Information 
 
1.10.1 Not applicable to this accident. 
 
 
1.11 Flight Recorders 
 
1.11.1 The aircraft was not equipped with a flight data (FDR) or cockpit voice recorder (CVR). 

nor was there a regulatory requirement to do so. 
 
1.12 Wreckage and Impact Information 
 
1.12.1 The accident occurred in a built–up (residential) area with the helicopter crashing onto 
           the roof of a house located at Torquay Road, Number 105, Lakefield Ext 21, Benoni,    
          GPS position (S26°10.691 E028°16.911). 
 
1.12.2 The aircraft impacted the roof of the house in a left-hand turn and with a nose-down 

pitch.  Part of the tail boom with the tail rotor gear box separated from the aircraft 
during the impact sequence and was found approximately 25 metres from the main 
wreckage and one metre from the rear of the house. The main wreckage was located 
on the roof support  beams. The aircraft was totally destroyed during the accident 
sequence. Fuel totalling above 100 litres was drained from the aircraft.  

  
1.12.3 The main rotor blades were observed to be bent upwards in a cone shape (bending 

upwards) during the on-site investigation, which suggests that there was a low level of 
power in the rotor system during impact. 
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The photo shows the main wreckage of the aircraft 
 
 
1.13 Medical and Pathological Information: 
 
 Pilot: 
 
1.13.1 MEDICAL ASSESSMENT  
 
1.13.1.1 The pilot was sedated and incubated for a considerable period of time during the       
               stay in the trauma ICU (intensive care unit) in hospital.  
 
1.13.1.2 According to medical records, the patient sustained numerous injuries, including    

several fractures all over her body. Of importance to note are the head injuries and 
may very well explain the amnesia that the patient experienced.  She has no 
recollection of the accident. 

. 
 

Passenger (Deceased):  
 
1.13.2.1 The deceased was a 34-year-old male, a passenger on the helicopter involved in the 
     accident. The autopsy was performed at Germiston on 6 April 2005. According 
     to the autopsy report, the patient had sustained numerous injuries. 
 
1.13.2.2 Specimens taken at the autopsy for biochemical investigations were negative for 
    alcohol. According to the pathologists/ post mortem report it was not possible to         
              perform a carbon monoxide determination on the specimens.     
   
1.13.2.3 The second passenger was admitted in hospital with minor injuries and was               
              released few days after accident.    
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1.14 Fire 
 
1.14.1 There was no pre or post impact fire.  
 
 
1.15 Survival Aspects 
 
1.15.1 Seats belts were used and none of them showed signs of failure. 
 
1.15.2 The local municipality fire fighting brigade was alerted by the neighbours and 

responded quickly to the site. Fire-fighting media was used on the helicopter and the 
house to minimise the chances of post-impact fire.  

 
1.15.3 The impact forces were reduced by the failure of the roof structure during the impact 
 sequence and caused the accident to be considered partly survivable. 
 
 1.15.4 Fuel totalling above 100 litres was drained from the helicopter. 
 
 
1.16 Tests and Research 
 
1.16.1 Engine Examination  
 
1) The engine disassembly and examination took place at the approved AMO. The 
 following was noted: 
 
(a) The engine exhibited minimal impact damage with evidence of slight denting to the 
 outer combustion case and the right side compressor discharge air tube. 
 
(b) A pneumatic system leak check was performed with no discrepancies noted. 
 
(c) The compressor inlet was clear and there was no apparent damage to visible 
 compressor blades or vanes. 
 
(d) There was no apparent damage to the fourth stage turbine wheel as viewed through 
 the exhausted stacks. 
 
(e) N2 rotated free and smooth, but N1 could not be rotated. 
 
(f) Disassembly of the engine did not show evidence of any compressor or accessory 
 gearbox anomalies nor were any of the engine controls suspected of being an issue. 
 
(g) Engine shafting - all bearings were intact and undamaged. These were not considered 

to be an issue. 
 
(h) Oil and fuel systems contained residual oil and fuel. The oil appeared clean and did not 
 have a burned aroma. The fuel was not tested. 
 
(i) Both engine chip detector plugs were clean. 
 
(j) The first stage nozzle showed no apparent damage. 
 
(k) The first stage turbine wheel showed one damaged blade and multiple blades 
 exhibiting tip rub scoring. 
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(l) The second stage nozzle showed multiple vanes with trailing edge vane material 
 missing. There was also smearing and flaked material on the first and second blade 
 tracks. There was a noted outwards bulge of the nozzle outer ring. 
 
(m) The second stage turbine wheel was missing one blade. Adjacent blades also showed 
 impact damage and blade tip rub damage. 
 
(n) The third stage nozzle showed impact damage and missing vane material from several 
 vanes. 
 
(o) The third stage turbine wheel exhibited impact damage along multiple blade leading 
 edges. 
 
(p) The fourth stage nozzle showed rotational scoring from the third stage wheel blade 
 path. 
 
(q) The blade fracture surface and other pieces of hardware were examined in South 
 Africa, by a SACAA contracted metallurgist before being packed for shipment to Rolls-
 Royce for complete metallurgical investigations. 
 
 
1.16.2 Metallurgical Investigation Report: ROLLS-ROYCE 
 
 Selected turbine components were submitted to the Rolls-Royce Corporation 
 Materials and Processes Laboratory for evaluation under the direction of a 
 representative of the South African Civil Aviation Authority. 
 
(a) Table 1 lists the part numbers, serial numbers and names of the engine components 

received for evaluation. Figure 1 contains a schematic representation of a Model 250-
C20B Turbine Module and is included for information purposes. Figure 2 shows the 
condition of the components as received immediately after they were unwrapped. 

 
 
(b) All, except for the second stage turbine wheel, were coated with oil. The second stage 

turbine wheel was reportedly cleaned and inspected at NAC when  the engine was 
disassembled, utilizing a fluorescent penetration method . After initial examinations, 
each component was rinsed in Acetone to remove the surface oils, photographed and 
examined in detail. 

 



7940 
 

CA 12-12a    11 MAY 2005           Page 11 of 26 

 
 

Table 1 
 

Turbine Components Submitted For Detailed Evaluations 
 

Part Number Serial number Component Name 
*23073854 CAT-24425 Second Stage Turbine Wheel 
23031938 273180 Second Stage Turbine Nozzle Assembly 
23073853 X529721 First Stage Turbine Wheel 
23007189 AD54173 Third Stage Turbine Nozzle 
*23061967 X525952 Third Stage Turbine Wheel 
6851531-H ER40138 Fourth Stage Turbine Nozzle Assembly 
*23055944 HX68679 Fourth Stage Turbine Wheel 
*23062753 *KD501877 First Stage Turbine Nozzle Assembly 
6895010 NW52133 Gas Producer Support Assembly 
*23007189 AD54173 Third Stage Turbine Nozzle Shield 
23075953 DW55527 Power Turbine Support Assembly 
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 * Demotes numbers that were transcribed from the engine logs and/or paperwork    
             received with the components. 
 

SECOND STAGE TURBINE WHEEL 
 

VISUAL EXAMINATION 
 
(a) Figures 3 show the as-received condition of the Second Stage Turbine Wheel. One 
 airfoil was fractured near the wheel rim and several other airfoils exhibited impact 
 damage along their trailing edges. The separated portion of the airfoil was not 
 recovered. The remaining airfoils were sequentially numbered for reference throughout 
 this report and the separated airfoil was designated as airfoil #1.  
 

 
 
 Second Stage Turbine Wheel (FIGURE ABOVE) 
 
 
(b) Figure 6 (APPENDICES 5.2) shows the general conditions of the airfoil on either side 
 of the separated airfoil (Airfoil #1). Airfoils #47 and #48 were leading the separated 
 airfoil and exhibited  secondary damage at the airfoil tips. Airfoil #2 through #26 was 
 leading the separated airfoil and exhibited evidence of tip rub. Airfoil #46 through #27 
 exhibited little or no  evidence of tip rub. 
 
(c) Dimensional inspections revealed the diameter of the second stage turbine wheel 
 measured 6.374 to 6.366 inch diameter and was less than the minimum allowable 
 diameter of 6.378 specified in the Rolls-Royce Overhaul and Maintenance Manual. 
 Using the bearing journal area and leading edge face as datum surfaces, run out 
 measurements at the airfoil tips indicated a total indicated run-out of 0.0105 inch.  
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   FIGURE 7  
 
(d)      The measured values for the wheel diameter and run out are listed in table II below 
 and the run out values are shown graphically in figure 7. The plot shows that the areas 
 exhibiting the heaviest tip rub damage (airfoil #11 through #24) were the shortest 
 airfoils. Cross-sections through airfoils #17 and #32 revealed no evidence of 
 gamma prime solutioning. The general appearance of the tip rub damage on the airfoil 
 #17 suggested that the rub damage occurred late in the sequence and was considered 
 secondary damage.  
 
 
 

Table II 
Measured Diameter and Runout Values from the Second Stage Turbine Wheel 

 
Blade # Runout (in) Blade # Runout 

(in) 
Blade # Diameter (in) 

1 Separated 25 -0.0020 1-25 Separated 
2 0.0000 26 -0.0015 2-26 6.373 
3 -0.0010 27 -0.0005 3-27 6.374 
4 -0.0020 28 -0.0010 4-28 6.372 
5 -0.0030 29 0.0000 5-29 6.371 
6 -0.0040 30 0.0000 6-30 6.370 
7 -0.0050 31 0.0000 7-31 6.369 
8 -0.0050 32 -0.0005 8-32 6.368 
9 -0.0055 33 0.0010 9-33 6.367 
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10 -0.0040 34 0.0000 10-34 6.368 
11 -0.0045 35 0.0000 11-35 6.369 
12 -0.0060 36 0.0000 12-36 6.368 
13 -0.0070 37 0.0000 13-37 6.369 
14 -0.0075 38 0.0000 14-38 6.368 
15 -0.0080 39 0.0000 15-39 6.366 
16 -0.0085 40 0.0010 16-40 6.366 
17 -0.0085 41 0.0010 17-41 6.367 
18 -0.0080 42 0.0015 18-42 6.367 
19 -0.0080 43 0.0020 19-43 6.368 
20 -0.0075 44 0.0020 20-44 6.368 
21 -0.0070 45 0.0025 21-45 6.370 
22 -0.0055 46 0.0020 22-46 6.370 
23 -0.0040 47 Damaged 23-47 Damaged  
24 -0.0030 48 Damaged 24-48 Damaged 

 
 
 
FACTOGRAPHIC EXAMINATION   
 
(a) Figure 8 (APPENDICES 5.4) shows the general appearance of the fracture surface 
 from Airfoil #1 on the Second Stage Turbine Wheel. The fracture surface on the 
 suction side of the airfoil exhibited a bluish-grey colouration, was flat, and exhibited 
 beach marks/arrest lines indicative of fatigue progression. The remaining fracture 
 exhibited a brownish colouration, appeared much rougher, and exhibited fracture 
 morphology  consistent with tensile overload. 
 
(b) Figure 9 (APPENDICES 5.4 ) contains an optical image of the fracture and a scanning 
 electron microscope (SEM) montage image showing the general fracture morphology 
 of Airfoil #1. The fracture originated approximately 0.23 inch from the leading edge on 
 the suction side of the airfoil. Multiple origins were noted in an area measuring 
 approximately 0.045 inch long. No anomalies were noted at the fracture origin. 
 
 (e) The crack near the suction side root area of airfoil #2 was lab fractured and examined. 
 Figure 14 contains an optical and SEM image of the fracture after it was lab fractured. 
 The fracture extended approximately 0.057 inch along the rim surface and extended 
 approximately 0.007 inch deep. Multiple origins were noted at the rim surface. Figures 
 15 and 16 contain detailed SEM images of the areas C and D respectively. The 
 fracture surface was oxidized, precluding detailed measurements of the striation 
 spacing, but the general fracture morphology was indicative of a thermal fatigue crack. 
 
(f) Rolls-Royce 
 
 Conclusion:  
 

Investigations revealed that the assembly clearances on the blade tip were lower than 
minimum as per the Rolls-Royce Overhaul Manual. The second stage blade track was 
out by 0.01025, as compared to manufacture minimum shim clearance of 0.0100. The 
first stage blade track was out by 0.01225 as compared to manufacture minimum shim 
clearance of 0.0120. 

 
It was therefore concluded that if the clearance between the blade tips and the casing 
was not correct, it could have had an effect to cause blade vibration and possibly high-
cycle fatigue.   
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 Damage observed on the other turbine components which were inspected was 
 considered to be secondary. 
 

Metallurgical Report: South Africa 
 
(a) From the records available, it was determined that the engine had last been worked on 

some 35 hours prior to the accident. It was at this MPI that the first stage disk and 
associated guide vane ring were replaced due to a suspected over temperature 
exposure. At the time the second stage disk had experienced approximately 250 hours 
of service, and had accumulated 339 cycles.  

 
(b)   The second stage turbine disk from a RR-Allison 250C20 gas turbine engine, used to 

power a helicopter, was examined after the engine failed in flight. Only visual 
examination  was permitted. One blade had detached by fatigue, with failure initiating 
at an unusual position. The disk bore the markings 23073854 NC, area 6.06, 63005, 
and the serial number, engraved on the blade aerofoil surfaces, X502513, Figure 1 
(Refer to APPENDIX). Originally having had 48 blades, one blade had detached from 
the disk, figure 2 & 3, and was missing.  

 
(c)  When closely examined, the fracture surface was seen to exhibit features typical of 

fatigue, figures 4 & 5. A small indication, considered to be possibly some form of 
defect, was visible at the fracture origin, figure 5. The fracture surface appeared 
somewhat coarse, suggesting that relatively few stress cycles were responsible. 
Careful examination using sensitive NDT techniques revealed no other defects and 
there is no reason to believe manufacturing failure. 

 
 

Discussion 
  
(a) The fact that the blade had failed due to fatigue, is without doubt. The features of the 
 fracture surface clearly indicate that a fatigue crack initiated at the apex of the convex 
 aerofoil surface, close to the blade aerofoil/ disk radius, and grew to a significant size 
 before ultimate failure. 
 
(b) Non-destructive examination showed that this blade alone was affected, and that no 

other similar cracking, indeed, no other cracking of any kind, was detected on any 
other  blade on the disk.  The design of high speed rotating components of this type is 
highly  advanced, and fatigue failures are rare.  

 
(d) Fatigue generated by the aerodynamics forces has been designed out of the system, 
 and simply does not occur. If the blade passing frequencies (bpf) to which these 
 components is considered, the reasons are readily apparent. Rotating at around 50, 
 000, the disk excitation is at about 833Hz, and the bpf is around 40 kHz. At these 
 frequencies, the numbers of fatigue cycles accumulated, even in a short time, become 
 astronomic in magnitude.   
 
(e) When failures due to aerodynamic forces do occur, usually due to in-service damage, 
 initiation usually occurs at the trailing edge of the blade, where such forces are highest. 
 It is noted that no damage to the first stage blades was observed, and that no damage 
 other than that attributable to the detached blade was observed on the subject disk. 
 
(f) The initiation of fatigue driven by the start/stop cycling in service is normally 
 circumvented by limiting the cycle life of the component, and is likewise rare, provided 
 that the limits are observed. In this case, the disk was well within cycle limits.  
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(g) It may thus be considered that another cause may be responsible for the failure. When 
 the fracture appearance is considered, the indication at the apparent origin of the 
 failure must be considered. It is thought that this may be some form of defect, possibly 
 associated with manufacturing, which has gone undetected in the normal inspection 
 processes. 
 
(h) Conclusion: It is clear that the blade had failed as the result of a fatigue mechanism, 
 initiating at the apex of the convex aerofoil surface of the blade, in the blade/disk 
 radius, considered an abnormal location.    
 
 
1.17 Organisational and Management Information 
 
1.17.1 The training officer did not keep the training file of the pilot in his office. Only the 
 contract between the employer and the employee file was found at the SAPS offices. 
 
1.17.2 The passenger was an employee of the SAPS at the Air Wing section. His rank was 
     Inspector and his position was Airborne Law Enforcement Officer at the time of the 
     incident. His duties on board the helicopter included the following: 
 
  (a) Radio work and communication between the helicopter and the SAPS  
       members on the ground. 
  
  (b) General duties of any SAPS when apprehending suspects as prescribed in 
       the SAPS conditions of services. 
   
  (c) Assisting the pilot in observing landing spots and taking off (thus  
       observing any visible dangers like electrical cables for safe landings and 
       take offs).  
 
 
1.17.3 The last audit of the maintenance operator prior to the accident was carried out on 12 

January 2005. According to SACAA records, no major findings were found during their 
audits. The AMO who performed the maintenance on the engine prior to the accident 
was audited on 06 September 2004. The maintenance organisation is rated on 
CATEGORY D-Turbine engines, which fall under group 05 and are restricted to 
Overhaul of Allison 250 series engines. 

 
1.17.4  The AMO who was responsible for the maintenance of the aircraft was audited on  13 

January 2005. Although the relevant report stated that there were no major findings, 
the SACAA inspector had identified that non-destructive testing (NDT) was performed 
by the AMO but did not appear on their certificate. The AMO’s NDT audits were carried 
out by SANDE, which is the national body for NDT. This body issues conformance 
certificate to the AMO to keep it current, however this was not incorporated on their 
licence. According to SACAA, the AMO/Operator can only address issues under the 
findings. This is why the issue was not actioned by the AMO because it was under 
observation. The SACAA Airworthiness Review Board ARB failed to de-identify this 
item to a finding which resulted in the approving of the AMO certificate. 

 
1.17.5 The AMO who performed the MPI was rated and had privileges to work on this type of 
  aircraft under group 09, which is restricted to the 369 series under category B and E. 
 
1.17.5 The operator had their own AMO, which was audited on 13 September 2004 prior to 

the accident, and no major findings were reported by the authority. At the time of the 
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accident, the AMO had approval privileges (Category E under group 09) for 
maintaining this type of aircraft, however due to manpower resource issues and the 
helicopter being operated away from the AMO base the last MPI was performed by 
another AMO. 

 
  
1.18 Additional Information 
 
1.18.1 The operation route for that specific day was as follows: Rand Aerodrome – 
 Krugersdorp  Aerodrome – Randfontein Aerodrome – Hekpoort Aerodrome and then 
 back to Rand Aerodrome.   
 
1.18.2 The observer’s role was to see how the Air Wing operates, as he was new at the unit 

and was going to fly the helicopter. He had just joined the unit and just passed his 
commercial subjects. The observer reported that during the engine failure, the 
generator light illuminated and the pilot was leaning to the right in an attempt to 
recover the aircraft from the left-hand spiral. The pilot reported that her emergency 
training had been carried out on an open area and she found it very hard to recover in 
a built-up area. She also mentioned that it is very different when simulating engine 
failures during training as compared to recovering from a real situation. 

 
1.18.3  It took several months for the pilot to be released from the hospital, which resulted in a 

delay with regard to an interview. The pilot stated that she could not remember what 
had happened before and after the accident.  

 
1.18.4 The pilot’s logbook and training file were located at the pilot’s house after a few days 

by one of the police officers and a flying pilot friend. No trace of the pilot’s licence was 
found  and it was believed to have been destroyed by the hospital, as they were in one 
of the flying suit’s pockets. The flying suit was covered with blood and battery acid and 
had therefore been destroyed. 

 
1.18.5  Emergency and malfunction procedures for engine failure: 
 
1.18.5.1 A change in noise level and a left yaw may be the first indications of an engine 
  failure. 
 
1.18.5.2 Blinking red light on instrument panel. 
 
1.18.5.3 Pulsating sound from warning horn and in headset if installed. 
 
1.18.5.4 The failure indicators are actuated when N1 falls below 55%. 
 
1.18.5.5 Allow the speed to reduce to the lesser of 130 knots IAS or lower. Maintain rotor 
  speed between 410 and 523 rpm by use of collective control. 
 
1.18.5.6 Proceed with autorotational descent and landing. 
 
1.18.6  Engine failure procedure cruising at 500 feet and above: 
 
1.18.6.1 Enter normal autorotation by lowering collective control. 
 
1.18.6.2 Select landing spot and manoeuvre as required. 
 
1.18.7 The operations manual submitted to the investigator had not been approved by 

the Commissioner of the SACAA.  
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1.18.8 No evidence/document, stating any exemption by the Commissioner to the 

SAPS in respect of compliance with the requirements of the Civil Aviation 
Regulations could be found.  

 
 
1.19 Useful or Effective Investigation Techniques 
 
1.19.1 Not applicable. 
 
 
2. ANALYSIS 
 
2.1 The crew member stated that prior to the accident, the pilot was communicating with 

Johannesburg ATC. They were instructed to remain east of Runway 03 to avoid 
conflict with traffic approaching onto that runway. He further stated that during the left- 
hand turn, he noted that the generator warning light illuminated, followed by main rotor 
RPM indicator decay from 100% to 70% before reaching the lower reading on the 
green arc. 

 
2.2  The crew member also stated that the pilot was leaning to the right in an attempt to 

correct the left–hand spiralling turn when the engine started spooling down. The above 
statement implies that the pilot was pulling the collective pitch lever prior to the 
accident. According to the flight manual, an engine failure during flight can be 
determined by a change in noise level and a left yaw may be the first indications of an 
engine failure. A flashing red light on the instrument panel and pulsating sound from 
the warning horn and in the headset, if installed can also be an indication of an engine 
fire. The flight manual states that if you experience engine failure during cruising at 
500 feet and above, you should enter normal autorotation by lowering collective pitch. 
The failure indicators are actuated when N1 falls below 55%.  

 
2.3 The above information indicates that the pilot did not detect, at an early stage, that the 

engine had failed. At the time when she identified the engine failure it was already too 
late to recover. The fact that they were in a left-hand turn when the incident happened, 
might have contributed or aggravated the left hand yaw. The helicopter continued in a 
left-hand yaw until it impacted the roof of the house in a nose-down attitude. The 
impact angle was estimated to be 60°. The aircraft was totally destroyed by the impact 
forces. 

 
2.4 The pilot also mentioned that practising emergency procedures and a real emergency 

are very different. She mentioned that when practising, you know that you have time 
and you are also in an open field and far away from built-up areas, which was not the 
case during the accident.  

 
2.5 It is the investigator’s opinion that although the pilot had completed her training and 

performed satisfactorily, that her experience on the aircraft type was still lacking. The 
fact that the pilot had performed three power checks implies that the aircraft had a 
power or an engine problem. However this information was not entered in the records. 

 
2.6  It is possible that after the turbine blade failure during the flight, the engine failed, 

which caused the aircraft to yaw to the left-hand side. The fact that the main rotor 
blades were not rotating at normal rotational speed at the time of the impact, suggests 
that there was a low level or no airflow through them. This caused ineffectiveness of 
the tail rotor when the pilot was attempting to correct for the yaw.  
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2.7 If the blade passing frequencies (bpf) to which these components relate, are 
considered, the reasons are readily apparent. Rotating at around 50, 000 RPM, the 
disk excitation is at about  833Hz, and the bpf is around 40 kHz. At these frequencies, 
the numbers of fatigue cycles accumulated, even in a short time, become astronomic 
in magnitude. When failures due to aerodynamic forces do occur, usually due to in-
service damage, initiation usually occurs at the trailing edge of the blade, where such 
forces are highest. It is noted that no damage to the first stage blades was observed, 
and that no damage other than that attributable to the detached blade was observed 
on the subject disk. 

 
2.8 The test on the turbine blade was performed by two metallurgists, who both agreed 

that the failure was due to fatigue, with no anomalies detected.  
 
2.9 The manufacture pointed out that shim check clearances were lower than minimum as 

per OHM and was recorded as 0.01025, while the OHM minimum shim clearance is 
0.0100. The transferred material measured approximately 0.0025 inches thick. These 
clearances were measured after the accident during metallurgical analysis, which rules 
out the issue of the clearances between the blade tips and the casing being out of the 
limit. If the clearance between the blade tips and the casing was not correctly 
measured, it could have an effect to cause blade vibration and possibly high-cycle 
fatigue which could result in blade failure. The investigator reviewed the records and 
the findings were that NAC worked in accordance with manufacturer’s OHM.  

 
2.10 The training file of the helicopter pilot was not where it was supposed to be found, as 

per their MOP.   
 
 
3. CONCLUSION 
 
3.1 Findings 
 
3.1.1 Aircraft 
 
 The aircraft had a valid Certificate of Registration and a valid Certificate of 
 Airworthiness. 
 
 The maintenance records indicated that the aircraft was equipped and maintained in 
 accordance with existing regulations. 
 
 There was no evidence of airframe failure or system malfunction during the flight prior 

to the accident. 
 
 All flight control system surfaces were accounted for, and all damage to the aircraft 
 was attributed to the severe impact forces with the roof of the house. 
 
 The fuel that was found in the aircraft tanks was uncontaminated and of the grade 

recommended by the manufacturer. 
    
 One airfoil fractured and separated from the second stage turbine wheel. The fracture 
 originated on the suction side of the airfoil in the airfoil-to-rim radius and approximately 
 0.023 inches from the leading edge. No anomalies were noted at the origin and the 
 fracture morphology was indicative of high cycle fatigue propagation. 
 
 There was no evidence of gamma prime solutioning noted on the 1st or 2nd stage 
 turbine wheels. 
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 There was evidence of rub and material transfer noted on the 2nd stage turbine nozzle 
 assembly’s 1st and 2nd stage blade tracks. 
 

Dimensional inspections of the 2nd stage turbine nozzle assembly’s blade tracks 
indicated a slight out-of-round condition. Dimensional inspections revealed that the 
diameter of the second stage turbine wheel measured 6.374 to 6.366 inches diameter 
and was less than the minimum allowable diameter of 6.378 specified in the Rolls-
Royce Overhaul and Maintenance Manual. Rub damage was noted on the tips of the 
first and second stage wheel airfoil. 

 
The transferred material measured approximately 0.0025 inches thick. 

 
Review of the maintenance records revealed that  the checked clearances, were within 
the minimum requirements. 

 
 Damage observed on the other turbine components which were inspected, was 
 considered to be secondary. 
 
 According to  the other crew member, the pilot performed three power checks which 

the pilot reported as satisfactory, in the general flying area ,. 
 
3.1.2 Pilot/Crew 
 
 The pilot was correctly rated on the aircraft type; however her licence was not valid at 

the time of the accident, as her medical certificate had not been submitted to the 
SACAA. 

 
The pilot’s actions and statement indicated that her knowledge and understanding of 
flying over built-up areas were inadequate.  
 

 
3.1.3 Flight Operations 
 

 The operator’s quality assurance with respect to keeping records of the personnel 
 training files was found to be inadequate. 
 

The operations manual submitted to the investigator was not approved by the 
Commissioner for Civil Aviation.  

 
At the time of compiling this report, there was no evidence/document found , verifying  
any exception given to the SAPS by the Commissioner with regards to its operations 
as per Article 3 and 12 of the ANR. 

 
 
3.1.4 Medical 

 
 There was no evidence that the pilot suffered any sudden illness or incapacity which
  might have affected her ability to control the aircraft. 

 
3.1.5 Survivability 
 

Due to the high impact forces being reduced by the failure of the roof of the house, this 
accident was considered partially survivable.  
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3.2 Probable Cause/s 
 
3.2.1  During the flight, a turbine blade failure caused an engine surge and with subsequent 

loss of engine power. The helicopter entered into a left-hand turn from which the pilot 
was unable to recover.  

 
3.2.4 The minimum amount or lack of experience by the flying pilot on the helicopter type 

can be considered to be a contributing factor. 
 
  
4. SAFETY RECOMMENDATIONS  
 
 
4.1 It is recommended that the SACAA and the SAPS enter into a MOU in respect of who 

is responsible for which actions in the case of accidents and incidents, clarifying which 
operations of the SAPS are exempted from compliance with regulatory requirements. 

 
4.2 It is recommended that the SACAA should consider the procedures applied during the 

conversion training when a pilot converts from a piston engine to a turbine engine 
aircraft. The minimum flight hours should be defined before such a pilot may start 
flying with passengers and performing operational duties. 

   
 
5. APPENDICES 
 
5.1 Turbine blade information 
 
 
 

- END - 
 

Report reviewed and amended by the Advisory Safety Panel 
 26 May 2009 
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Appendix 5.1  Turbine blade information 
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5.2  
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5.3    
 

 
 
 

5.4 

 
 
 
 
 
 
 
 
5.5  
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5.6  
 

 
 
 
  
 

Second Stage Turbine Nozzle Assembly  
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No obvious thermal distress or impact damage was noted on the airfoil leading edges. 
Secondary impact damage was noted along the trailing edges of several airfoils and 
outer diameter was deformed near 6. Evidence of rub and transferred material was 
noted in areas 4 and 5, and the blade track was cracked and deformed in area 6, 
evidence of light rub and impact damage was noted in several other locations. 

 
5.7   These investigations were conducted 11-15 April 2005 in South Africa and 09-13 May 

2005 at Rolls-Royce in Indianapolis, Indiana, USA.  
   
 
 
 


