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Abstract. The paper deals with the extension of the safaty rliability assessment
methods used for design of General Aviation (GAgraifts. Since the late 90's of the
past century the General Aviation aircraft systebbecame more complex and
sophisticated. This paper specifically involveteexled safety (reliability) analysis of the
airplane Common Cause Analysis (CCA). This analyss used in the past for large
airplanes, in the present is also used in simglifm for General Aviation. Analysis
assesses the overall airplane conditions aftein8tallation of all systems. This analysis
is useful in the certification assessment procedlihe paper describes experience with
practical use of Common Cause Analysis on the Gérferiation aircraft developed in
the Czech Republic.
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1 Introduction

The beginnings of a solution of reliability andfetg can be tracked down to 1930's. Great
progress was made in the theory of dependabilisnguwWorld War Il and 1950's. The safety
assessments with requirements defined in regulaiandards definitely took place in aviation in
1960’s. Sophisticated methods were developed astl dUsed on large transport aircraft in civil
aviation, such as Boeing 747 aircraft developed960's. These methods have been first widely
applied in Europe in the development of Airbus A20@ BAC Concorde. Development of theory of
reliability enabled detailed reliability analysSomplexity of the safety assessment has riseniafgart
also as a result of more complex aircraft systems.

Complexity of the aircraft systems was signifitaribwer in General Aviation and therefore
detailed and complex analysis of reliability waguested in a simplified form. Since 1990°s with the
adoption of highly complex avionics systems to $emadircraft also requirements has increased for
reliability and safety. Application of safety ass@ents methods made a great step toward more
complex and more detailed analyses.

Basic requirements for reliability and safety asseents for General Aviation aircraft are
described in the FAR/CS-23 airworthiness documeatsl more specifically in §23.1309.
Requirements are used in design and certificati@s@ (as mandatory requirements). This paragraph
is important for system development and modificaiothe requirements and recommendations
contained in are very general and cannot be usedefign and certification of aircraft. For showing
compliance with paragraph and to support the @eatibn phase, was issued an amendment to
Regulation Advisory Circular AC 23.1309-1E ref..[Hlthough the document [1] provides valuable
information about the safety assessment processpenddes useful recommendation methods for



certification of aircraft in that category, it i®inthe single one. There are numerous documents and
other materials that can be used for preliminag detailed safety assessment process.

The most important documents, also referred inAtieisory document, are ARP 4754 [2] and
ARP 4761 [3]. Document describes detailed guidslia@md methods for performing the safety
assessment process. Overview of the safety asseisEnimsed on the typical development cycle of
aircraft, can be observed in Fig.1 which is takemfdocument ARP 4761.
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Figure 1: Overview of the Safety Assessment Process

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



2 Common Cause Analysis

Common Cause Analysis (CCA) techniques are an sixterof deductive safety analysis especially
targeted at the detection of non-independence leetvevents which would be otherwise treated
independently. Generally CCA analyses independémeteeen systems, functions or items, which
may be required to satisfy the safety requiremdtus 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 shéety 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 changeglasign of the system
or will be shown to be accepted in the appropisafety assessment.

Aircraft zones are used to support airworthinesgulation (CCA-ZSA), design process and
maintenance. The guidelines for determining aimplaones and their numbering can be found in the
ATA iSpec 2200 standards. Example the aircraft ga@re on Fig.2.
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Figure 2: Example of aircraft zones on aircraft



For example, the use of CCA is used in the imagirmarplane model XX-YYY. Zoning and
design of the aircraft is performed according tgufe.2. Certification base is considered in
accordance to CS-23. CCA is used in simplifizdn. The example analyzed system of electrical
wing flaps control. Wing flaps control is backed bp a hydraulic circuit. The hydraulic circuit
enables single extrusion of wing flaps to the maximposition of 45°. In Tab. 1 it is example of
summary of simplified ZSA for one zone of a givestem.

Prepared by: Rostislav Kostial Date: 22. 09. 2012
ZONAL SAFETY ANALYSIS (ZSA) Approved by. Date:
Revision: Date:
Aircraft: XX-YYY } %aTE%ﬂanﬁg;E;néﬁlaEmeE EEBFZWSI Eigif; 6
Symptoms to:
Subz.| Subsubz. Subzone Description Interactions of Systems Effect on System 1 Flight Crew Justification

2.Ground Crew

The resultis an immediate interruption
function of electrically controlled flaps 1. Pilot detects a problem only Auxili " . { be able &
after intervention to the flaps uxiliary rolor casing must be able to

Fragments detached from prevent damage caused by failure of

rotating parts of the air System is backed up by hydraulic control control i
conditioning system. flaps, as appropriate, once ejectedflaps inio the r:tgcrohrl:ﬁSst:gthzg‘?gﬁinergy
position 45 * 2 The damage will be detected ’

Safely effect MINOR during the preflight inspection

High temperatures or fire

Subzone is defined between components adjacentto wiring

the fuselage counters No.8 to

hamesses
260 261 1N°'11 in the upper part of the Damagedinsulationof electrical cables and
uselage above the passenger shon-circuiting cause of the complete Electrical wiri ion i

cabin ceiling. ! 1. Pilot detects a problem onl ectrical wiring insulaion in fuselage

interruption of the primary functions of ! ap Y is against the overheating of
control and indication flaps after intervention to the flaps surrounding systems or fire retardant
control and not dripping, therefore it seems

Leakage of hot airin system of System is backed up by hydraulic control unlikely that it could lead to further

collection airfromthe engines. | flaps, as appropriate, once ejectedflapsinio | 2. The damage will be detected | spread of the fire in the fuselage. Itis
position 45 ° during the pre-flight inspection | not expected that the smoke from the

damaged insulation can have

Safety effect: MINOR significant effects on work crew

Leakage fluids athigh
pressure and temperature of
the air conditioning system.

Table 1: Simplified Zonal Safety Analysis

2.2 Particular Risk Analysis

Particular Risk Analysis (PRA) deals with the Ratar Risks which are events or influences that
are outside of the concerned systems, but mayteioémuired independence of the system. Particular
risk can cause and influence several zones at andetherefore PRA can meet several zones at once,
as opposed to the ZSA which is restricted to epelific zone. Some of these risks may be subject to
specific airworthiness requirements (tire burst.)et

Some typical risks are:

- Fire

- Leaking Fluids (Fuel, Hydraulic, Water etc.)
- Lighting strike

- Tire burst, flailing thread

- Hall, ice, show

- High temperature air duct rapture

- etc.

After identification of particular risks with respt to the design of the system, there should be a
separate study for each risk. The objective of éhiglysis is to determined, if all effects on safate
identified and designed out or shown to be accéptétxample of Particular Risk Analysis Summary
report based on example from chapter 2.1 it's dnZla



Particular risk analysis

1.1 Tire burst

Tire burst occurs when the wheel is in contact with the ground produces tire tread debris. This may be projected in the wheel plane
between 45° and 180° measured from ground horizontal plane in reward direction. In this addition, tire may be projected at up to 15°
either side of wheel plane, spread on a Gaussian distribution.

Affected areas: Zone 100 - Lower Fuselage, Zone 700 - Gear Bay
The effect on system: Under normal circumstances, it is not expected to affect the electrical control flaps
Safety effect: NO SAFETY EFFECT

Justification: Harnesses of electrical cables and all components of the electrical control flaps are located outside the expected impact
of tire debris.

Table 2: Simplified Particular Risk Analysis

2.3 Common Mode Analysis

Common mode analysis (CMA) is a qualitative anadyttool used to ensure the "goodness” of a
design and it is performed throughout the safesessment processThis 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 categovidgsch 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 baseeample from chapter 2.1 it's on Tab. 3.



COMMON MODE ANALYSIS Prepared by: Rostisfav Kostial Date: 16. 09. 2012
CMA Approved by: Date:
( ) Revision: Date:
_ SYSTEM: Flaps Control No.Drawing.: Page 1
Aircraft: XX-YYY -
SUBSYSTEM: Electric Control No.Drawing.: Pages: 1
Common Mode Source Common Mode Error Justification
el A common source of electrical energy for various
] i : electrical control circuits Flaps. They used elements and materials certified for aviation. It is also used proven
= Design architecture — technologies of production and assembly, and performed independent output
H Technologtyt" materials, ;Jsle of elements of the same type-repetitive control.
2 gt;tgglrfr‘w;e;mﬁge afures System is backed up hydraulic control flaps, as appropriate, once ejected
§ Faulty system design, faulty technology, use of flaps into position 45
o inappropriate materials or design values.
Installation is performed in accordance with the requirements AC43.13-AC43-
Fault of electrical wing flaps control system 1B and 2A. Used wires compliant MIL-W 22759/16 with operating
[ created as a result of thermal and mechanical temperatures up to 150 ® C. Cable routes are conducted when possible, away
£ stresses, possibly due to chemical influences. from areas with high temperature, mechanical stress or chemical influences.
fid ™ 1 and Mechanical Electrical circuit designed with electromagnetically insensitive elements.
ermal and Mechanical
Electrical and Radiation In case of overload and fire wire harmess applies that this isolation is self-
Chemical extinguishing when the temperature drops and not dripping, which
5 ;Zu;:);zlgitl?cbal |\,Npt%‘2ap:,c£$;m system due to significantly reduces the possibility of further spread of the fire in the fuselage.
z electromat net\cyﬁg\d wwtﬁ a subseguent ower Also, it is not anticipated that the smoke from the damaged insulation could
w failure cntl?:a\ loads. 4 P significantly affect the operation of the crew. Flame retardant cables are
) tested in accordance with the requirements of paragraph 23.1359
prescription.
g
= They will used certified manufacturing and assembly processes. To minimize
£ yﬂ:é?f::;er Fault of electrical wing flaps control system due to | repetitive errors during production and assembly will be applied to a system of
£ Process faulty manufacturing processes and assembly. independent quality control of praduction. Connectors and cable sets are
:;u 2 labeled and conducted in such a way as to avoid their exchange
L
-] Fault of electrical wing flaps control system due to
& faulty operating prucegdurgs or |mpruger Errors and failures are minimized by conducting checks at various levels after
H Staff maintenance procedures. the prescribed period of operation. The various levels are meant control by
T Procedures . the operator and manufacturer. In order to achieve maximum reduction of
g.’ Maintenance errors. repetitive errors will be used at different levels of the different procedures.

Table 3: Simplified Common Mode Analysis

3 Using CCA in the Czech republic

Czech Republic is one of the largest producessvall transport aircrafts and ultralight aircrafts
the Europe. It has a long tradition in the manufiectof small transport aircraft. Requirements on
safety and reliability assessments are less switiparing to category FAR/CS-25. This is determined
by using a simpler systems and more simple desigmm@gements. However, complex systems and
designs which are typical for FAR/CS-25 aircraftssdr been used in FAR/CS-23 aircrafts in past
years. Installation of more complex systems hasgidemands on reliability and safety assessment.
Requirements and recommendations safety assessifieen@GA are divided into several classes
(according to AC23.1309). This is based on theohistl experiences. More information sees in
Tab.4. AC 23.1309 also recommends analysis togpsatety and reliability. They include:

- Functional Hazard Assessment (FHA)

- System Safety Assessment (SSA)

- Failure Mode and Effects Analysis (FMEA)/Failure tg 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 edefdr large and complex aircrafts, it is not
necessary the best option to use all analysesciafipdor small airplanes. Using all analyzes abul
prohibitively increase the development budged withsignificant improvement in a safety and
reliability of systems. It is responsibility of dpst to choose suitable analyses for the particular

aircraft or system.



Classification of
Failure Conditions

Mo Safety Effect

<——Minor—=

<-——-Major——=

<--Harardous-—>

< Catastrophic>

Allowahble
Qrualitative
Probability

Mo Probability
Requirement

Probable

Remote

Extremely
Remoie

Extremely
Improbahle

Effect on Airplane

Mo effect om

Slight reduction in

Significant reduction

Large reduction in

Maormally with hull

including injuries

operational functiomnal in functional functional loms
capabilities orsafety | capabilities or safety | capabilities or safety | capabilities or safety
AT NS TTEATE NS IMATE ins
Effect on Occupants Inconvenience fior Physical discomfon Physical distress o Serious or fatal Multiple
passengerns for passengers passengers, possibly imjury to an ocenpant fatalities

Effect on Flight
Crew

Mo effect on flight
orew

Slight increase in
wiork load or use of
CIMErgency
proced ures

Physical discomfon
or asignificant
increase in workload

Physical distress or
excessive workload
impairs ahility to
pertorm tasks

Fatal Injury or
incapacitation

Classes of
Airplanes:

Allowable Quantitative Probabilities and Sof

Levels (Note 2)

tware (SW) and Complex Hardware (HW) Development Assurance

Assumnce Levels
Requirement

Class 1
{Typically SRE Mo Probability or =10 <0 =10° <l0*
6,000 pounds or less) SW and HW Maote | Motes | and 4 Mote 4 Maobe 3
Dievelopment pP=0 P=C, 5=D P=C, 5=D p=C, §=C
Assumnce Levels
Requirement
Class 11
{Typically MRE, Mo Probability ar | <107 <104 <104 <107
STE, or MTE 6,000 SW and HW Maote 1 Maotes | and 4 Mote 4 Maote 3
pounds or less ) Dievelopment P=0 P=C, &=D P=C, 5= P=C, 8=C
Azssumnee Levels
Requirement
Class 111
{Typically SRE, Mo Probability or | =107% <0 <107 <l
STE, MRE, and SW and HW Mate 1 Motes | and 4 Mote 4 Maote 3
MTE greater than Dievelopment P=D P=L, =D P=C, 5= P=B, 5=
6 000 pounds) Assumnce Levels
Requirement
Class 1V
{Typically Mo Probability or | =107% <0 <107 <l0*
Commmanter Category) SW and HW Mate 1 Motes | and 4 Mote 4 Maote 3
Dievelopment pP=0 P=C, 5=D =8, 5=C P=A, 5=B

MNote |: Numernical values indicate an order of probability range and are provided here asa reference.
Maote 2 The letters of the alphabet denote the typical 5W and HW Development Assurance Levels for Primary System (P} and Secondary System
{5). Forexample, HW or 5W Development Assumance Level A on Primary System is noted by P=A.

Maote 3: At airplane function level, no single failure will result in a Catastrophic Failune Cond ition,

Mote 4. Secondary System (5) may not be raquired to meet probability goals. [Finstalled, 8§ should meet stated criteria.

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

In past years some of the new CS-23 aircrafts weveloped in the Czech Republic and Common
Cause Analysis has been used in their developrAeming these planes also belong VUT100 Cobra,
AE-270 Ibis and EV-55 Outback. More information abthese aircrafts are in Fig.3.

For VUT100 Cobra aircraft were used following abliity analyses [5]: FHA, FMEA, RBD and
for the first time in the Czech Republic also C(Because this aircraft belongs to the Class 1
according AC.1309, it was necessary to create plied option of CCA. CCA were used for EV-55
in more detailed form. For significant systems éherere performed preliminary CCA (PCCA).
Content of this analysis is still not comparabledale of large transport aircraft.

CCA used for GA aircraft are based on the docum®RP 4761. Recommendations and
guidelines described in this document are issueddme transport aircrafts. These analyzes are
simplified in GA. The main simplifications are:

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



Concept and Design; Environmental effects; Indialtaand Manufacturing; Operational
and Maintenance categories.
- We can simplify the writing of results. Resultnde entered in tabular form (chapter 2.1

Tab.1 and Chapter 2.3 Tab.3), simply describedhia text (Chapter 2.2 Tab.2) or

combination of written and tabular forms.
- CCA does not have to be conducted during theeedvelopment of the aircraft in GA.

They can be used for the specific phase of devedopnior example they can be used in

the detailed design phase of development of theaienaft.

Aero AE-270 lbis
Seats: 10
Length: 12,23 m
Wing span: 13,82 m
Height: 4,78 m

Wing Area: 21,00

Empty Weight: 1788 kg
Max. Takeoff Weight: 3300
Max. Cruise Speed: 409 km/h
Range: 2916 km
Classification (AC.23.1309): Class llI

VUT100 Cobra
Seats: 4
Length: 8,00 m
Wing span: 10,2 m
Height: -
Wing Area: 13,11

Empty Weight:-
Max. Takeoff Weight: 1388
Max. Cruise speed: 28% km
Range: 2000 km
Classificatig®.23.1309): Class |

EV-55 Outback
Seats: 9
Length: 14,35 m
Wing spant@é)
Height: 4,66 m
Wing Area: -

Empty Weigh626 kg
Max. Takeoff Weight: 4600
Max. Cruise speed: 408 km/h
Range: 2240 km
Classification (AC.23.1309): Clidlss

Figure 3: Information about airplanes Aero AE-2B3) VUT100 Cobra, EV-55 Outback

Results of CCA are not strictly connected to gafetated applications. MSG-3 mainly used for
large aircrafts also started to be used in GA. tgadssessment and MSG-3 are closely linked and
results obtained from the analysis of reliabiliHA, FMEA/FMECA, CCA) are very useful for
application MSG-3 on aircraft. CCA are very usdtulevery group in MSG-3. Especially useful may
be for a group of Systems/Powerplant and Zonaldatpns. IAE is involved in the application of the

MSG-3 for small transport aircraft.

IAE-BUT (Institute of Aerospace Engineering — Brrdniversity of Technology) closely
cooperates with industry and cooperate with EVEKTO&mpany in terms of developing aircrafts
VUT-100 and EV-55. It was also involved in intetioagl projects CESAR and PPLANE where it
dealt reliability assessment. IAE educates its esttid safety and reliability in the subject
Dependability of Aircraft Systems. In this subjestudents learn basic information about the
commonly used analysis and safety assessment nsethoaviation. CCA can be very useful in
implementation of Reliability Centered Maintenance.




4 Conclusion

The paper looks at safety and reliability of smiadinsport aircrafts in the Czech Republic.
Specifically, it deals with the use of CCA in retgears due to increasing complexity of aircraft
systems. We can assume that this trend will coatintthe future. CCA will become a common part
of safety and reliability assessment accompanyiegievelopment of a small transport aircraft.

These methods have been used in the Czech Repulfién simplified form. It can be assumed
that these analyses will be used in full rangehim future. And these analyses will be implemented
progressively throughout development of the aitcraf

The results of these analyzes can be useful fonterance, especially useful for maintenance
solution according to Reliability Centered Maintec@a (RCM) and MSG-3. These methods of
maintenance are about to be applied in GA.

IAE-BUT closely cooperates with the industry o thpplication by latest knowledge available in
this field.
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