Report on the Examination of an M14P Aircraft Engine at Wilmington, DE. Nov. 1996


 








Background


At the request of NTSB Air Safety Investigator Brian C. Rayner, I attended the disassembly and examination of a Vendenyev M14P aircraft engine. It was suspected that the failure of this engine had led to the crash of a Yakovlev model 18T aircraft at the Camden county airport in New Jersey.  





Qualifications


I have been involved in the import and sale of Yakovlev aircraft, engines and parts for four years and in that time have provided about 500 hours of ground, maintenance instruction and over 350 hours of flight instruction in these aircraft. I have received training on the operation and maintenance of the M14P engine from the Vendenyev factory. I have assembled and tested 27 aircraft equipped with the M14P engine over the last four years.





Inspection





External


The engine in question was still attached to the aircraft. The cowl shutters had been pushed rearwards over the nose case by the impact of the crash.  The propeller blades, which are of mixed wooden and composite construction, had severed at the hub. The fuel pump was separated from it’s mounting pad and several spark plugs on the front side of the engine were sheared. There were no other external signs of damage. There was surprisingly little oil in evidence on, in or around the engine. 





Oil Screens


The three oil screens were removed from the engine and inspected for metallic debris. All three were quite clean and displayed no abnormalities.





Transmission 


The propeller hub was found to be free to rotate, that is, it appeared to be disconnected from the drive section. The gearbox bell housing was removed from the front of the engine to reveal the planetary reduction drive. It was found that the propeller drive shaft had sheared at the thrust bearing and appeared to have done so purely in torsion. It is suggested that metallurgical examination should be performed on this component to confirm it mode of failure.





It was determined that the crankshaft could be rotated a few degrees in each direction of rotation but that it then stopped, with a solid metallic ‘clang’.








Power section


The number 7 cylinder was removed from the engine so that the power section could be examined. On inspecting this cylinder, it was observed that the piston was still inside it and that the connecting rod had broken in two, the other half being still attached to the master rod. Another broken piston lay in the hole from which the number 7 cylinder had been extracted.





The inside of the engine was a scene of almost total devastation. At least three connecting rods had broken and numerous pieces of rod, piston and piston ring were loose inside the crankcase. Most of the material recovered from the inside of the engine exhibited clean, recent looking breaks and cracks where failure had occurred. An exception was the piston and rod identified as being from the number 5 cylinder. These items differed in that the rod had failed in compression, rather than in tension and in the fact that in the area of the break in the connecting rod and the piston skirt, there was evidence of polishing such as is caused by these components having been in contact with other moving parts of the engine for some time.





Precedence


I have examined a number of radial engines in general, and M14Ps in particular which are known to have suffered “hydraulic locks”. That is, an excess of oil collects in one or more of the bottom cylinders such that when the engine is started, the piston is prevented from achieving its normal stroke by the pool of oil. When this phenomenon occurs, the connecting rod  generally bends quite dramatically. As the engine continues to rotate (and in some cases, run quite normally as far as the pilot is concerned) the bent rod and piston skirt may well come into contact with the cylinder base or with the rotating crankshaft counter-weight, thereby causing a polishing of the surfaces in contact. It is common for engines that have suffered a partial hydraulic lock, as described above, to continue to run for many hours before the problem is detected.





Conclusion


The engine displays what might be termed the “classic” symptoms of a hydraulic lock. In this case, the mechanical consequences were severe.


  


It is hypothesized that the following sequence of events led to the failure of this engine:





At sometime in the past, the engine was started without the operator having first checked for the presence of oil in the lower cylinders as is described in the aircraft operating instructions. (Page 1/2, para 2.1.3. reproduced below) This caused a partial hydraulic lock in the number 5 cylinder which caused the number 5 connecting rod to bend in such a way that it now came into contact with the cylinder base wall.





During the accident flight, the number 5 connecting rod finally gave way. The number 5 piston and the section of rod still attached to it entered the crank case and became entangled in the crankshaft/master rod assembly causing extensive damage to that section of the engine. 





The remains of the number 5 piston then became lodged underneath the number 7 cylinder in such a way as to prevent the number 7 piston from completing its downward stroke. At this point, the engine came to an almost instant stop.





The large angular momentum of the constant speed propeller caused the prop. shaft to fail in torsion thereby disconnecting the prop. from the gearbox and permitting it to freewheel.





Aircraft Operating Handbook.


The YAK 18T operating instructions contain several references to checking the engine for hydraulic lock before starting. Part of the Operating instructions are reproduced below. Please refer to the “YAK 18T OPERATING INSTRUCTIONS” for the full text.





From page 1/2 





2.1. PREPARING FOR ENGINE START





2.1.2


. . Turn the propeller by hand in the direction of  normal rotation. 3 to 5 revolutions. Ignition must be switched off.





If considerable force is to be applied for propeller rotation, screw one spark plug from cylinders 4, 5 and 6, remove the drain plugs from the intake pipes of these cylinders and turn the propeller again 3 to 4 revolutions. Reinstall the spark plugs and plugs.





2.1.3.


To prevent hydraulic shock, when starting the engine for depreservation or in case of overpriming after 3 or 4 unsuccessful starts, and also after prolonged parking (for more than 3 days), the following operations shall be performed:





Screw the drain plugs out of the intake pipes of cylinders 4, 5, and 6 and then screw one spark plug out of the same cylinders.





Turn the engine propeller 3 to 4 revolutions, which will cause accumulated oil or oil-gasoline mixture to be drained from the intake pipes and cylinders.





NOTE: Propeller rotation by hand is likely to cause knocking in the engine owing to counter weight contact with the limiting strip on the web, which is normal.














Important Notes


These notes are an integral and important part of this report.





1)	The care and feeding of a radial engine is a dying art. A radial requires a great deal more attention, understanding and care on the part of the operator than does an opposed engine. One certainly does not simply “get in and crank”, as is all too common with late western aircraft. The safe operation of radial engines is not part of any U.S. pilot certificate training curriculum I am aware of but some form of training is most certainly required.





2)	 It is not possible, within the scope of a preflight inspection to determine that a hydraulic lock occurred during some previous operation of the aircraft. I have witnessed several instances where an aircraft had been flying, apparently quite normally, for a number of months with a bent connecting rod. The damage was detected during the annual condition inspection.





3)	The paragraphs from the OPERATING INSTRUCTIONS reproduced above certainly serve to alert the operator to the potential for hydraulic lock (or shock) but I don’t believe it could be claimed that the warnings are either prominent or conspicuous.





This is a reflection of the culture in which the aircraft was designed and formerly operated. In the part of the world once described as the “Soviet block”, labor was abundantly available and the flying clubs which operated the aircraft were organized in a military style. Accordingly, many people and much paperwork were involved in the preparation for flight. It was normal for a ground crew to inspect the aircraft and prepare it for flight. The ground crew in many cases, also started the engine to warm it up, prior to the pilot’s arrival. The line of demarcation between the responsibilities of the pilot and those of the ground crew, maintenance technicians and supervisors was in both senses of the word, foreign to common U.S. practice. To some extent, this is reflected in the format and content of the aircraft and engine manuals.
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