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NOTICE  

According to the Law nº 7565, dated 19 December 1986, the Aeronautical Accident 

Investigation and Prevention System  – SIPAER – is responsible for the planning, guidance, 

coordination and execution of the activities of investigation and prevention of aeronautical 

accidents. 

The elaboration of this Final Report was conducted taking into account the contributing 

factors and hypotheses raised. The report is, therefore, a technical document which reflects the 

result obtained by SIPAER regarding the circumstances that contributed or may have contributed 

to triggering this occurrence. 

The document does not focus on quantifying the degree of contribution of the different 

factors, including the individual, psychosocial or organizational variables that conditioned the 

human performance and interacted to create a scenario favorable to the accident. 

The exclusive objective of this work is to recommend the study and the adoption of 

provisions of preventative nature, and the decision as to whether they should be applied belongs to 

the President, Director, Chief or the one corresponding to the highest level in the hierarchy of the 

organization to which they are being forwarded.  

This Report does not resort to any proof production procedure for the determination of 

civil or criminal liability, and is in accordance with Appendix 2, Annex 13 to the 1944 Chicago 

Convention, which was incorporated in the Brazilian legal system by virtue of the Decree nº 21713, 

dated 27 August 1946. 

Thus, it is worth highlighting the importance of protecting the persons who provide 

information regarding an aeronautical accident. The utilization of this report for punitive purposes 

maculates  the principle of “non-self-incrimination” derived from the “right to remain silent” 

sheltered by the Federal Constitution. 

Consequently, the use of this report for any purpose other than that of preventing future 

accidents, may induce to erroneous interpretations and conclusions. 

 

N.B.: This English version of the report has been written and published by the CENIPA with the 

intention of making it easier to be read by English speaking people. Taking into account the 

nuances of a foreign language, no matter how accurate this translation may be, readers are 

advised that the original Portuguese version is the work of reference. 
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SYNOPSIS 

This is the Final Report of the 28JAN2010 serious incident with the EMB 202A 
aircraft, registration PT-UPW. It was classified as “Engine Failure In-Flight”. 

During the flight, with the aircraft leveled on the FL075, there was a strong vibration 
in the engine accompanied by loss of power. The pilot tried to land at the União da Vitória 
Aerodrome - PR (SSUV). However, due to the loss of power and altitude, the pilot had to 
make a forced landing on a soybean plantation 7 km from the runway. 

The aircraft had limited damage in the internal part of the engine. 

The pilot left unharmed. 

An Accredited Representative of the NTSB - National Transportation Safety Board – 
USA, was designated for participation in the investigation. 
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GLOSSARY OF TECHNICAL TERMS AND ABBREVIATIONS 

ANAC 

AEHC 

CCF 

National Civil Aviation Agency 

Ethyl Alcohol Hydrated Fuel  

Physical Capacity Certificate 

CENIPA 

CHT 

Aeronautical Accident Investigation and Prevention Center  

Technical Qualification Certificate 

CHST Certificate of Supplemental Type Approval  

DIVOP 

EMBRAER 

FL 

IFR 

IFRA 

INVA 

MEV 

MLTE 

MNTE 

PAGR 

PCM 

PLA 

PPL 

Operational Disclosure  

Brazilian Aeronautics Company 

Flight Level 

Instrument Flight Rules 

Instrument Flight Rating – Airplane 

Flight Instructor Rating – Airplane 

Scanning Electron Microscope 

Airplane Multi Engine Land - Rating 

Airplane Single Engine Land - Rating 

Agricultural Pilot 

Commercial Pilot License – Airplane 

Airline Pilot License – Airplane 

Glider Pilot License 

SERIPA 

SINDAG 

SSJA 

SSUV 

SSZW 

TPP 

TWR 

Regional Aeronautical Accident Investigation and Prevention Service 

National Union of Agricultural Aviation Companies  

ICAO location designator – Joaçaba Aerodrome – SC 

ICAO location designator – União da Vitória Aerodrome – PR 

ICAO location designator – Ponta Grossa Aerodrome – PR 

Registration Category of Private Aircraft Service 

Control Tower 

UTC Universal Time Coordinated  

VFR Visual Flight Rules 
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 FACTUAL INFORMATION. 1.
 

Aircraft 

Model:        EMB 202A  Operator: 

Registration:   PT-UPW Private  

Manufacturer:  NEIVA  

Occurrence 

Date/time:     28JAN2010 - 1030 UTC Type(s):  

Location:  Outside the Aerodrome  “Engine Failure In-Flight”  

Lat. 26º15’23”S  Long. 050º59’47”W Subtype(s): 

Municipality – State: Porto União - SC   

1.1 History of the flight. 

The aircraft took off from the Joaçaba Aerodrome - SC (SSJA), to the Ponta Grossa 
Aerodrome - PR (SSZW), at 09:45 am (UTC) to transfer the aircraft to perform a 
scheduled maintenance service with a pilot on board. 

During the flight, with the aircraft leveled on the FL075, there was a strong vibration 
in the engine accompanied by loss of power. 

The pilot tried to land at the União da Vitória Aerodrome - PR (SSUV). However, due 
to the loss of power and altitude, the pilot had to make a forced landing on a soybean 
plantation, 7 km from the runway in União da Vitória. 

The aircraft had limited damage in the internal part of the engine. 

The pilot left unharmed. 

1.2 Injuries to persons. 

Injuries Crew Passengers Others 

Fatal - - - 

Serious - - - 

Minor - - - 

None 1  - - 

1.3 Damage to the aircraft. 

The aircraft had limited damage in the internal part of the engine. 

1.4 Other damage. 

The aircraft damaged approximately 2,400m² of soybean plantation on the Guaraú 
Farm area. 

1.5 Personnel information. 

1.5.1 Crew’s flight experience. 

Hours Flown 

 Pilot 

Total 6.500:00 

Total in the last 30 days 23:05 

Total in the last 24 hours 00:40 

In this type of aircraft 1.000:00 

In this type in the last 30 days 23:05 

In this type in the last 24 hours 00:40 

N.B.: The Data on flown hours were obtained from the Pilot. 
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1.5.2 Personnel training. 

The pilot took the Private Pilot course - Airplane (PPR) at the Aeroclube de Erechim, 
in 1992. 

1.5.3 Category of licenses and validity of certificates. 

The pilot had the Commercial Pilot License – Airplane (PCM) and Glider Pilot License 
(PPL) and had valid Airplane Single Engine Land (MNTE) and Agricultural Pilot (PAGR) 
Technical Qualification. 

1.5.4 Qualification and flight experience. 

The pilot was qualified and had experience in that kind of flight. 

1.5.5 Validity of medical certificate. 

The pilot had valid Physical Capacity Certificate (CCF). 

1.6 Aircraft information. 

The aircraft, serial number 200913, was manufactured by Neiva Aviation Industry, in 
2003 and was registered in the category of Private Air Service (TPP). 

The Certificate of Airworthiness (CA) was valid. 

The airframe, engine and propeller logbooks records were updated. 

The last inspection of the aircraft, the "100 hour-type" was performed on 24NOV2009 
by the HAR3 shop, having flown 54 hours and 55 minutes after the inspection. 

On 07NOV2005, the LYCOMING engine, model IO-540-K1JD5, S / N: L-29112-48A, 
was converted to operate with Ethyl Alcohol Hydrated Fuel (AEHC), with a total of 353 
hours and 30 minutes in the GAPLAN Aeronáutica Ltd. shop, according to the Certificate 
of Supplemental Type Approval (CHST) number 2004S10-01. 

On that same day, GAPLAN shop removed the Precision Fuel Injector “servo” P / N 
5254422-9, S / N 70343304 and installed the P / N 202-751-01, S / N 70A52902 one, 
compatible with the modified engine. 

On the day of the occurrence, the engine had 1,004 hours and 40 total minutes, that 
is, after modifying the engine for operation with Ethyl Alcohol Hydrated Fuel (AEHC) the 
engine operated 651 hours and 10 minutes. 

1.7 Meteorological information. 

Nil. 

1.8 Aids to navigation. 

Nil. 

1.9 Communications. 

Nil. 

1.10 Aerodrome information. 

The occurrence took place outside the Aerodrome. 

The pilot landed on a flat area of soybean plantation, located on the Guaraú Farm, 
municipality of Porto União – SC. 

1.11 Flight recorders. 

Neither required nor installed. 
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1.12 Wreckage and impact information. 

The first and only impact occurred with the aircraft leveled (Figure 1). The aircraft 
then traveled 200 meters until its full stop (Figure 2). 

 

Figure 1 - First impact of the aircraft. 

 

Figure 2 - View of the aircraft after full stop. 

After full stop, there was no beginning of fire. 

1.13 Medical and pathological information. 

1.13.1 Medical aspects. 

Not Investigated. 

1.13.2 Ergonomic information. 

Nil. 

1.13.3 Psychological aspects. 

Not Investigated. 
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1.14 Fire. 

There was no fire. 

1.15 Survival aspects. 

Nil. 

1.16 Tests and research. 

During the First Action, it was verified that there was rupture of cylinder # 6 caused 
by the intake valve (Figure 3). 

 

Figure 3 - Inlet valve of cylinder # 6. 

In the disassembly of the engine, carried out in Curitiba - PR, and accompanied by 
members of SERIPA V to verify possible internal engine damage, it was observed that: 

a) the external components and accessories were not damaged or defective; 

b) the internal components were lubricated and showed no dry running signals; 

c) cylinders 2, 4 and 6 contained damage to the combustion chambers, foreign 
bodies in the pistons and in the injector nozzles; 

d) the inlet valve of cylinder # 6 showed a rupture of the rod between the end and the 
recess, warping of the valve rod and fragmentation of the valve head (Figure 04); 

e) fragments of the inlet valve of cylinder # 6 were found in the inlet ducts and 
cylinders # 2 and # 4; and 

f) damage to cylinders # 2 and # 4 was caused by the fragments of the inlet valve # 
6. 

 

Damaged 

cylinder # 6 inlet 

valve. 
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Figure 4 - Fractured Inlet Valve. 

Considerations of the aircraft manufacturer: 

EMBRAER / NEIVA performed an analysis of the cylinder 6 inlet valve and issued a 
report of the following findings: 

1. Failure is associated with fatigue mechanisms caused by side loading 
misalignment and bending loads at the end of the inlet valve. 

2. The fatigue mechanism consumed 50% of the fracture surface of the valve rod, 
while the remaining area has static fracture characteristics, caused by a single loading. 

3. The identification of the contributing factors is related to some signs of failure 
observed in the components that make up the inlet valve assembly, such as: 

a) the oscillation of the “camês” on the inlet valve cover, producing a contact pattern 
known as a "bowtie"; 

b) the irregular contact marks observed on the contact surface of the split retention 
washer; 

c) the non-circularity of the wear marks on the wall of the recess at the end of the 
rod; 

d) the deformation mark at the edge of the valve end due to contact with the split 
retaining washer; and 

e) the circular wear on the valve rod near the fracture surface, caused by rotation of 
the split retaining ring. The wall of the inner diameter of the retaining ring is smaller than 
the worn section on the valve rod. This indicates that there is a probable relative 
movement between the parts that form the inlet valve assembly. 

4. The metallographic and chemical analysis classified the material of the inlet valve 
as martensitic stainless steel with high percentage of carbon and chromium. The hardness 
test revealed a discrepancy between the material near the fracture surface (51 HRC) and 
the valve body (35 HRC). It was not possible to identify whether the hardness of the 
material at the end of the rod was intentionally raised in its manufacturing process. 

5. The clearance and misalignment of the contacting parts constitute a feasible but 
unproven scenario for the failure of the inlet valve. The lack of full knowledge of the 
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material and the manufacturing process of the inlet valve and the split retention washer did 
not allow the indication of the contributing factor that led to the failure of the inlet valve. 

1.17 Organizational and management information. 

The aircraft was based on the Joaçaba Aeroclube - SC. The agricultural operations 
were performed from the eventual landing area at the coordinates: Latitude 27º25'08 "S 
and Longitude 051º21'41" W. 

Maintenance was carried out by AGROVEL shop, in Ponta Grossa - PR and, when 
the aircraft was operating on the farms in Mato Grosso, HAR3 Ltd., located in Santo 
Antônio do Leverger - MT, performed the maintenance. 

A single pilot who, during agricultural operations, received advice from an agronomist 
operated the aircraft. 

Basically, the pilot and the operator, who were responsible for the maintenance of the 
aircraft and for the prevention management of aeronautical accidents, managed the 
aircraft. 

1.18 Operational information. 

The aircraft was within the weight and balance parameters specified by the 
manufacturer. 

The pilot noticed a strong vibration in the engine when the aircraft was leveled in FL 
075 and there was 30 minutes of flight left to reach its destination. The aircraft began to 
lose power and altitude. The pilot performed some procedures in order to solve the 
problem with the engine. 

He advanced the power lever, turned on the electric pump, and made the change in 
the fuel mixture, but it was unsuccessful. 

As at the time of the occurrence, the aircraft was close to the municipalities of União 
da Vitória - PR and Porto União - SC, and the pilot decided to proceed to the União da 
Vitória Aerodrome. 

However, due to the continued loss of altitude and power of the aircraft, it was not 
possible to proceed to the Aerodrome. The pilot made the decision to make an emergency 
landing on a flat area of soybean plantation, located 7km from the runway. 

The pilot reported that the wind was calm and the weather was adequate for the 
visual flight. 

The landing was performed without problems and the aircraft had limited damage to 
the internal part of the engine. 

1.19 Additional information. 

Nil. 

1.20 Useful or effective investigation techniques. 

Nil. 

 ANALYSIS. 2.

It was a transfer flight from the city of Joaçaba - SC, to Ponta Grossa - PR, with the 
objective of performing the 100-hour scheduled maintenance service. 

With 30 minutes to go, the pilot noticed a strong vibration in the engine. The aircraft 
began to lose power and altitude. The pilot performed the emergency procedures: he 
advanced the power lever, turned on the electric pump and effected the change in the fuel 
mixture. However, the problem remained. 
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The pilot decided to land on the União da Vitória Aerodrome (SSUV) because it was 
the nearest Aerodrome on the route. 

However, due to the aircraft continuous loss of altitude and power, it was not possible 
to proceed to the União da Vitória Aerodrome. In this way, a forced landing was performed 
in a flat area of soybean plantation, located 7 km from the runway of União da Vitória. The 
landing took place without problems. After touching the ground, the aircraft covered 200 
meters until its full stop. 

The pilot had enough experience in the aircraft model and in that type of flight. 

The aircraft was privately owned and operated by a single pilot who, along with the 
operator, were responsible for operational management and maintenance services. 

The certificates and inspections of the aircraft were within the validity deadlines, as 
well as the records of the maintenance logbooks that were updated. 

The LYCOMING engine was converted to operate with ethyl alcohol on 07JAN2005. 
After the conversion, the engine operated 651 hours and 10 minutes. 

In the First Action it was verified that there was rupture of the cylinder # 6 caused by 
the inlet valve. 

During the dismantling of the engine, it was observed that the cylinders 2, 4 and 6 
presented damages in the combustion chambers and foreign bodies in the pistons and in 
the injector nozzles. 

The # 6-cylinder inlet valve presented a rod rupture between the end and the recess, 
valve rod warping, and valve head fragmentation. 

Fragments of the inlet valve of cylinder # 6 were found in the inlet ducts and # 2 and 
# 4 cylinders. Thus, the # 6 cylinder inlet valve fragments caused damage to # 2 and # 4 
cylinders. 

The aircraft manufacturer performed the inlet valve failure analysis and concluded 
that the failure was associated with fatigue mechanisms that consumed 50% of the valve 
rod fracture surface. The hardness test revealed that there were differences in the 
hardness of the material near the fracture surface and the one of the valve body. 

The clearance and misalignment of the contacting parts could be considered a 
feasible scenario to explain the reason for the failure of the inlet valve. The implications of 
the material could not be totally discarded, but also the possibility of influencing the valve 
failure process. 

Due to the research carried out in the scope of maintenance, it was not possible to 
identify unfavorable conditions regarding the scheduled inspection services. However, 
considering the dynamics of the inlet valve failure, it was also not possible to rule out the 
possibility that some non-conformity has occurred in the maintenance services where the 
inlet valve area has been worked. Situations such as the proper assembly process of the 
split retaining washer, the clearances and consequent vibration resulting from this could 
not properly be evaluated due to the engine conditions. 

From the facts found, it was possible to conclude that the loss of engine power was 
initially caused by the damage in cylinder # 6, due to the rupture of the inlet valve. 
Fragments of the defective valve that damaged the pistons and the injector nozzles of 
cylinders # 2 and # 4 aggravated this situation. 

 CONCLUSIONS. 3.

3.1 Facts. 
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a) the pilot had valid Physical Capacity Certificate (CCF);  

b) the pilot had the Commercial Pilot License – Airplane (PCM) and Glider Pilot 
License (PPL) and had valid Airplane Single Engine Land (MNTE) and Agricultural 
Pilot (PAGR) Technical Qualification; 

c) the pilot was qualified and experience in that kind of flight; 

d) the aircraft had valid Airworthiness Certificate (CA); 

e) the aircraft was within the weight and balance parameters specified by the 
manufacturer; 

f) the airframe, engine and propeller logbooks records were updated; 

g) the maintenance services were considered periodic and carried out by an 
approved shop; 

h) the aircraft engine was converted to operate with AEHC on 07JAN2005; 

i) the aircraft was being transported to carry out a scheduled maintenance service, 
when there was a strong vibration in the engine accompanied by loss of power; 

j) the pilot made a forced landing in a soybean plantation area; 

k) the aircraft damaged approximately 2,400 m² of soybean plantation area; 

l) in the First Action, it was verified that there was the rupture of cylinder n°6 caused 
by the inlet valve; 

m)  During the engine’s disassembly, it was verified that cylinders 2, 4 and 6 
contained damage to the combustion chambers, foreign bodies in the pistons and 
in the injector nozzles. The inlet valve of cylinder # 6 showed a rupture of the rod 
between the end and the recess, warping of the valve rod and fragmentation of the 
valve head; 

n) fragments of the inlet valve of cylinder n°6 were found in the inlet ducts and 
cylinders n° 2 and 4; and, yet the fragments of the inlet valve n° 6 caused damage 
to cylinders 2 and 4; 

o) the manufacturer of the aircraft (EMBRAER), through the analysis of failures in the 
engine inlet valve, concluded that the clearance and misalignment of the 
contacting parts can be considered a feasible scenario to explain the reason for 
the failure of the inlet valve; 

p) the aircraft manufacturer (EMBRAER), through a hardness test performed at the 
engine inlet valve, observed that there were differences in the hardness of the 
material near the fracture surface and the one of the valve body; 

q) The engine power loss was initially caused by the damage in cylinder nº6 due to 
the rupture of the inlet valve. This situation was aggravated by defective valve 
fragments, which damaged the pistons and injector nozzles of cylinders 2 and 4; 

r) The aircraft had limited damage in the internal part of the engine; and 

s) The pilot left unharmed. 

3.2 Contributing factors. 

- Manufacturing – undetermined. 

It was found that there were differences in the hardness of the material near the 
fracture surface and the material of the inlet valve body in cylinder 6. This condition, if the 
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engine manufacturer did not predict it, may have led to a further deterioration in the 
process that culminated with the collapse of the intake valve. 

- Aircraft maintenance – undetermined. 

It was not possible to rule out the possibility that some non-conformity has occurred 
in the maintenance services where the inlet valve area has been worked. Clearance, 
suitability in the assembly process of the split retaining washer, and misalignment of parts 
in contact, can be considered in a scenario that shows the failure of an inlet valve. 

 SAFETY RECOMMENDATION. 4.

A measure of preventative/corrective nature issued by a SIPAER Investigation Authority 

or by a SIPAER-Link within respective area of jurisdiction, aimed at eliminating or mitigating 

the risk brought about by either a latent condition or an active failure. It results from the 

investigation of an aeronautical occurrence or from a preventative action, and shall never be 

used for purposes of blame presumption or apportion of civil, criminal, or administrative liability. 

In consonance with the Law n°7565/1986, recommendations are made solely for the 

benefit of the air activity operational safety, and shall be treated as established in the NSCA 3-13 

“Protocols for the Investigation of Civil Aviation Aeronautical Occurrences conducted by the 

Brazilian State”. 

Recommendations issued at the publication of this report: 

To the Brazil’s National Civil Aviation Agency (ANAC): 

IG-509/CENIPA/2017 - 01                       Issued on 17/05/2018 

Disclose the lessons learned from the present investigation, in order to alert 
operators and maintainers, especially those operating aircraft converted from Aviation 
Gasoline (GAV) to Ethyl Alcohol Hydrated Fuel (AEHC), on the need for a correct analysis 
of all engine components, at the moment of scheduled inspections, in order to identify 
possible abnormalities. 

 CORRECTIVE OR PREVENTATIVE ACTION ALREADY TAKEN. 5.

Nil. 

 

On May 17th, 2018. 


