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Abstract. The paper deals with the extension of the safety and reliability assessment 
methods used for design of General Aviation (GA) aircrafts. Since the late 90`s of the 
past century the General Aviation aircraft systems became more complex and 
sophisticated.  This paper specifically involves extended safety (reliability) analysis of the 
airplane Common Cause Analysis (CCA). This analysis was used in the past for large 
airplanes, in the present is also used in simplified form for General Aviation. Analysis 
assesses the overall airplane conditions after the installation of all systems. This analysis 
is useful in the certification assessment procedure. The paper describes experience with 
practical use of Common Cause Analysis on the General Aviation aircraft developed in 
the Czech Republic.     
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1 Introduction 

 The beginnings of a solution of reliability and safety can be tracked down to 1930`s. Great 
progress was made in the theory of dependability during World War II and 1950`s. The safety 
assessments with requirements defined in regulation standards definitely took place in aviation in 
1960`s. Sophisticated methods were developed and first used on large transport aircraft in civil 
aviation, such as Boeing 747 aircraft developed in 1960`s. These methods have been first widely 
applied in Europe in the development of Airbus A300 and BAC Concorde. Development of theory of 
reliability enabled detailed reliability analysis. Complexity of the safety assessment has risen, partially 
also as a result of more complex aircraft systems. 
 Complexity of the aircraft systems was significantly lower in General Aviation and therefore 
detailed and complex analysis of reliability was requested in a simplified form. Since 1990`s with the 
adoption of highly complex avionics systems to smaller aircraft also requirements has increased for 
reliability and safety. Application of safety assessments methods made a great step toward more 
complex and more detailed analyses.  
 Basic requirements for reliability and safety assessments for General Aviation aircraft are 
described in the FAR/CS-23 airworthiness documents and more specifically in §23.1309.  
Requirements are used in design and certification phase (as mandatory requirements). This paragraph 
is important for system development and modifications, the requirements and recommendations 
contained in are very general and cannot be used for design and certification of aircraft. For showing 
compliance with paragraph and to support the certification phase, was issued an amendment to 
Regulation Advisory Circular AC 23.1309-1E ref. [1]. Although the document [1] provides valuable 
information about the safety assessment process and provides useful recommendation methods for 



certification of aircraft in that category, it is not the single one. There are numerous documents and 
other materials that can be used for preliminary and detailed safety assessment process.  
 The most important documents, also referred in the Advisory document, are ARP 4754 [2] and           
ARP 4761 [3]. Document describes detailed guidelines and methods for performing the safety 
assessment process. Overview of the safety assessment is based on the typical development cycle of 
aircraft, can be observed in Fig.1 which is taken from document ARP 4761. 
  

 
Figure 1: Overview of the Safety Assessment Process 

 
  The next part of the paper will deeply describe Common Cause Analysis (CCA) and its use in 
General Aviation in the Czech Republic.  
 
 
 
 
 



2 Common Cause Analysis  

Common Cause Analysis (CCA) techniques are an extension of deductive safety analysis especially 
targeted at the detection of non-independence between events which would be otherwise treated 
independently. Generally CCA analyses independence between systems, functions or items, which 
may be required to satisfy the safety requirements. For CCA is required detailed knowledge of aircraft 
systems.  
CCA is subdivided into three types of analysis 

2.1 Zonal Safety Analysis 

 Zonal Safety Analysis (ZSA) is used to satisfy the safety requirements in each zone of aircraft with 
respect to: - Installation and design requirements 
       - Interference between Systems 
        - Maintenance errors  
 
 "In those zones of the aircraft where multiple systems and components are installed close to each 
other, it should be ensured that the zonal analysis would identify any failure or malfunction which by 
itself considered sustainable but which have more serious effect when adversely affecting other 
adjacent systems or components."[4] This will either result in a design changes, redesign of the system 
or will be shown to be accepted in the appropriate safety assessment.  
 Aircraft zones are used to support airworthiness regulation (CCA-ZSA), design process and 
maintenance. The guidelines for determining airplane zones and their numbering can be found in the 
ATA iSpec 2200 standards. Example the aircraft zones are on Fig.2.  
 

 
 

Figure 2: Example of aircraft zones on aircraft  



 
 For example, the use of CCA is used in the imaginary airplane model XX-YYY. Zoning and 
design of the aircraft is performed according to Figure.2. Certification base is considered in 
accordance to      CS-23. CCA is used in simplified form. The example analyzed system of electrical 
wing flaps control. Wing flaps control is backed up by a hydraulic circuit. The hydraulic circuit 
enables single extrusion of wing flaps to the maximum position of 45°. In Tab. 1 it is example of 
summary of simplified ZSA for one zone of a given system.  
 

   
Table 1: Simplified Zonal Safety Analysis  

2.2 Particular Risk Analysis  

 Particular Risk Analysis (PRA) deals with the Particular Risks which are events or influences that 
are outside of the concerned systems, but may violate required independence of the system. Particular 
risk can cause and influence several zones at once, and therefore PRA can meet several zones at once, 
as opposed to the ZSA which is restricted to each specific zone. Some of these risks may be subject to 
specific airworthiness requirements (tire burst. etc.).  
 Some typical risks are: 
   - Fire  
   - Leaking Fluids (Fuel, Hydraulic, Water etc.)  
   - Lighting strike 
   - Tire burst, flailing thread 
   - Hail, ice, snow 
   - High temperature air duct rapture  
   - etc.   
 After identification of particular risks with respect to the design of the system, there should be a 
separate study for each risk. The objective of this analysis is to determined, if all effects on safety are 
identified and designed out or shown to be acceptable. Example of Particular Risk Analysis Summary 
report based on example from chapter 2.1 it´s on Tab 2.  



 
Table 2: Simplified Particular Risk Analysis   

 

2.3 Common Mode Analysis 

 Common mode analysis (CMA) is a qualitative analytical tool used to ensure the "goodness" of a 
design and it is performed throughout the safety assessment process. "This analysis is performed to 
confirm the assumed independence of the events, which were considered in combination for a given 
Failure Condition The effects of specification, design, implementation, installation, maintenance, and 
manufacturing errors, environmental factors other than those already considered in the particular risk 
analysis, and failures of system components should be considered."[4] 
 Common mode fault can fall into several categories which should be analyzed. Some typical 
common mode faults are: 
   - Hardware error 
   - Software error  
   - Production/ Repair flaw  
   - Installation error  
   - Maintenance error  
   - etc.  
  Example of Common Mode Analysis Summary based on example from chapter 2.1 it´s on Tab. 3. 



 
  Table 3: Simplified Common Mode Analysis   

 

3 Using CCA in the Czech republic  

 Czech Republic is one of the largest producers of small transport aircrafts and ultralight aircrafts in 
the Europe. It has a long tradition in the manufacture of small transport aircraft. Requirements on 
safety and reliability assessments are less strict comparing to category FAR/CS-25. This is determined 
by using a simpler systems and more simple design arrangements. However, complex systems and 
designs which are typical for FAR/CS-25 aircrafts have been used in FAR/CS-23 aircrafts in past 
years. Installation of more complex systems has rising demands on reliability and safety assessment. 
Requirements and recommendations safety assessments for GA are divided into several classes 
(according to AC23.1309). This is based on the historical experiences. More information sees in 
Tab.4.  AC 23.1309 also recommends analysis to prove safety and reliability. They include: 

- Functional Hazard Assessment (FHA) 
- System Safety Assessment (SSA)  
- Failure Mode and Effects Analysis (FMEA)/Failure Mode, Effects and Criticality Analysis 

(FMECA)  
- Reliability Block Diagrams (RBD) 
- Fault Tree Analysis (FTR)  
- Markov Analysis ( MA)  
- Common Cause Analysis (CCA)  

 
 Since recommendations of the regulation were created for large and complex aircrafts, it is not 
necessary the best option to use all analyses, especially for small airplanes. Using all analyzes could 
prohibitively increase the development budged without significant improvement in a safety and 
reliability of systems. It is responsibility of analyst to choose suitable analyses for the particular 
aircraft or system.  



 

 
Table 4: Recommendations of AC 23.1309, Source [1] 

 
 In past years some of the new CS-23 aircrafts were developed in the Czech Republic and Common 
Cause Analysis has been used in their development. Among these planes also belong VUT100 Cobra, 
AE-270 Ibis and EV-55 Outback. More information about these aircrafts are in Fig.3.  
 For VUT100 Cobra aircraft were used following reliability analyses [5]: FHA, FMEA, RBD and 
for the first time in the Czech Republic also CCA. Because this aircraft belongs to the Class 1 
according AC.1309, it was necessary to create a simplified option of CCA. CCA were used for EV-55 
in more detailed form. For significant systems there were performed preliminary CCA (PCCA). 
Content of this analysis is still not comparable in scale of large transport aircraft. 
 CCA used for GA aircraft are based on the document ARP 4761. Recommendations and 
guidelines described in this document are issued for large transport aircrafts. These analyzes are 
simplified in GA. The main simplifications are: 

-   There are selected only certain categories, conditions or elements from ARP4761 for the 
analyses. For example in Chapter 2.3 Tab.3 it is example of CMA which solves only 



Concept and Design; Environmental effects; Installation and Manufacturing; Operational 
and Maintenance categories. 

-   We can simplify the writing of results. Results can be entered in tabular form (chapter 2.1 
Tab.1 and Chapter 2.3 Tab.3), simply described in the text (Chapter 2.2 Tab.2) or 
combination of written and tabular forms. 

-   CCA does not have to be conducted during the entire development of the aircraft in GA. 
They can be used for the specific phase of development, for example they can be used in 
the detailed design phase of development of the new aircraft.    

  
  
 

 
Aero AE-270 Ibis VUT100 Cobra EV-55 Outback 

Seats: 10 Seats: 4 Seats: 9 

Length: 12,23 m Length: 8,00 m Length: 14,35 m 

Wing span: 13,82 m Wing span: 10,2 m Wing span: 16,10 m 

Height: 4,78 m Height: -  Height: 4,66 m 

Wing Area: 21,00 m2 Wing Area: 13,11 m2 Wing Area: - 

Empty Weight: 1788 kg Empty Weight:- Empty Weight: 2626 kg 

Max. Takeoff Weight: 3300 Max. Takeoff Weight:1330 kg Max. Takeoff Weight: 4600 

Max. Cruise Speed: 409 km/h Max. Cruise speed: 287 km/h Max. Cruise speed: 408 km/h 

Range: 2916 km Range: 2000 km Range: 2240 km 

Classification (AC.23.1309): Class III Classification (AC.23.1309): Class I Classification (AC.23.1309): Class III 

Figure 3: Information about airplanes Aero AE-270 Ibis, VUT100 Cobra, EV-55 Outback  
 

 Results of CCA are not strictly connected to safety related applications. MSG-3 mainly used for 
large aircrafts also started to be used in GA. Safety assessment and MSG-3 are closely linked and 
results obtained from the analysis of reliability (FHA, FMEA/FMECA, CCA) are very useful for 
application MSG-3 on aircraft. CCA are very useful for every group in MSG-3. Especially useful may 
be for a group of Systems/Powerplant and Zonal Inspections. IAE is involved in the application of the 
MSG-3 for small transport aircraft.    
 IAE-BUT (Institute of Aerospace Engineering – Brno University of Technology) closely 
cooperates with industry and cooperate with EVEKTOR Company in terms of developing aircrafts 
VUT-100 and EV-55. It was also involved in international projects CESAR and PPLANE where it 
dealt reliability assessment. IAE educates its student’s safety and reliability in the subject 
Dependability of Aircraft Systems. In this subject, students learn basic information about the 
commonly used analysis and safety assessment methods in aviation. CCA can be very useful in 
implementation of Reliability Centered Maintenance. 
  
   
   



4 Conclusion 

 The paper looks at safety and reliability of small transport aircrafts in the Czech Republic. 
Specifically, it deals with the use of CCA in recent years due to increasing complexity of aircraft 
systems. We can assume that this trend will continue in the future. CCA will become a common part 
of safety and reliability assessment accompanying the development of a small transport aircraft. 
 These methods have been used in the Czech Republic only in simplified form. It can be assumed 
that these analyses will be used in full range in the future. And these analyses will be implemented 
progressively throughout development of the aircraft.  
 The results of these analyzes can be useful for maintenance, especially useful for maintenance 
solution according to Reliability Centered Maintenance (RCM) and MSG-3. These methods of 
maintenance are about to be applied in GA. 
 IAE-BUT closely cooperates with the industry of the application by latest knowledge available in 
this field.   
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