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EXECUTIVE SUMMARY

The aircraft type certification regulations include the requirement to conduct a system safety
assessment to demonstrate compliance with these regulations. One way to mitigate the effect of
a system failure is appropriate corrective action by the flight crew. According to current
regulations for type certification of large commercial aircraft, certification credit may be taken
for correct and appropriate corrective action for both quantitative and qualitative assessments
provided that some general criteria are fulfilled. According to the same regulations, quantitative
assessments of the probabilities of flight crew errors are not considered feasible. As a
consequence, the system designer is allowed to take 100% credit for correct flight crew action in
response to a failure. Earlier research has indicated that this leads to an overestimation of flight
crew performance.

The overall goal of this research effort was the development of a methodology that would allow
certification credit for good human factors design practice in certification regulation. The
research consisted of five phases, with this report presenting the results of phase 5. In the
previous phases of the project, a list of key flight deck design characteristics with descriptors for
different performance levels was developed. The objective of phase 5 was twofold. The first
objective was to develop a scoring algorithm that combines the design characteristics into an
overall level of certification credit for flight crew intervention in the case of system failures. The
second objective was to validate the method by applying it to a number of cases and comparing
the results with a set of predefined success criteria.

Validation and verification of the method was done in three ways: (1) The method was applied
to 68 cases of in-flight aircraft system failures. The cases describe failures of four different
systems for eight different aircraft types; (2) All failure cases for the Fokker 100 aircraft were
replayed in a Fokker 100 level D training flight simulator; and (3) A form of validation was
provided by discussing the design of the Fokker 100 cockpit with representatives of the original
Fokker design team. The latter activity will be referred to as the matrix sessions. The objective
of the simulator experiment and the matrix sessions was to verify if the method captured all
relevant aspects of flight deck design in the context of failure handling.

The method is easy to apply, provided that the system failure modes and associated flight deck
annunciations are known. The time needed to determine the amount of flight crew intervention
credit for a single aircraft and failure case combination depends on the complexity of the system
and the associated failure, and the familiarity of the analyst with the system involved. In the
analyses, where the analysts had only limited pre-existing knowledge of the aircraft systems,
application of the method required approximately 1 to 2 hours per failure case. Application of
the method was expected to take only 10-15 minutes per failure case provided the analysts were
familiar with the systems involved, as expected during application of the method as part of the
aircraft’s type certification process.

The simulator experiment and the matrix sessions confirmed the importance of the key

characteristics that are the backbone of the scoring method. The simulator experiment and the
matrix sessions did not reveal any omissions on that list of characteristics.

Xi



As expected, application of the method to a number of example cases shows that it differentiated
between system failures and between aircraft types. The method produces higher average scores
for more modern cockpits. The most modern aircraft in the example cases (Boeing 777 and
Airbus A330) did not obtain the maximum possible score, indicating that even for those aircraft,
there is room for improvement.

As results of phase 1 of this study have shown, a method for determining realistic levels of flight
crew intervention credit in system safety assessments could result in significant flight safety
improvements. Although every possible effort was spent in making this a valid, practicable, and
acceptable method, it is still the result of a research project. Therefore, it is recommended for
consideration that the Aviation Rulemaking Advisory Committee (ARAC) be informed of the
results of this study so that, under the guidance of ARAC, this method can be further developed.

Xii



1. INTRODUCTION.

1.1 BACKGROUND.

Current certification requirements for system design and analysis were initially developed
around 1970 when long-range, wide-body aircraft such as the Boeing 747, the Douglas DC-10,
and the Lockheed L-1011 appeared. These requirements are based on the principle stating that
an inverse relation should exist between the probability of malfunctions and the degree of hazard
to the aircraft and its occupants. A detailed failure modes and effects analysis and fault tree
analysis are often necessary to demonstrate compliance with these regulations [Title 14 Code of
Federal Regulations (CFR) Part 25.1309 and Advisory Circular (AC) 25.1309-1A].

One way to mitigate the effect of a system failure is by appropriate corrective action by the flight
crew. The current advisory material AC 25.1309-1A states:

“When assessing the ability of the flight crew to cope with a failure condition, the
warning information and the complexity of the required action should be
considered (reference Paragraph 8g(5)). If the evaluation indicates that a potential
failure condition can be alleviated or overcome during the time available without
jeopardizing other safety-related flight crew tasks and without requiring
exceptional pilot skill or strength, credit may be taken for correct and appropriate
corrective action, for both qualitative and quantitative assessments.”

The AC also states that quantitative assessments of the probabilities of flight crew errors are not
considered feasible. As a consequence, probabilities of either 0 or 1 are put in the fault trees.
Accordingly, the system designer is allowed to take 100% credit for correct flight crew action in
response to a failure.

Since the development of certification regulations around 1970, research was conducted in the
human factors field, resulting in a better understanding of the effectiveness of various design
features for human-machine interfaces. This is reflected in the design of current-generation
flight deck crew interfaces and aircraft certification regulations, like European Aviation Safety
Agency (EASA) Notices of Proposed Amendment (NPA) 15/2004, which proposes to add a new
paragraph, CS 25.1302 Human Factors, to the existing Airworthiness Code. However, good
design practice, which would be expected to enhance the reliability, timeliness, or effectiveness
of flight crew intervention, is not rewarded in the quantitative analyses used to show compliance
with 14 CFR Part 25.1309. Current regulations and associated guidance material do not provide
criteria that encourage or require manufacturers to develop and follow a flight deck design
process that comprehensively addresses human performance considerations. To provide such an
incentive, a methodology is needed that would provide certification credit for desirable design
features.

The Federal Aviation Administration (FAA), in cooperation with Civil Aviation Authority
(CAA) - The Netherlands, agreed to initiate research on the development of a methodology that
would allow appropriate levels of certification credit for good human factors design practice
inflight decks, for those situations in which flight crews are expected to take actions to mitigate
system failure conditions. This methodology should establish a rational scheme for evaluating



designs based on easy-to-understand characteristics, eventually resulting in a number that is
permissible in the system safety assessment. The methodology should provide several levels of
credit to differentiate significantly different designs and should give full credit to what is
considered to be best design practice.

This methodology is expected to have several potential effects. Using current guidance material,
the system designer can take 100% credit for correct flight crew action in many or most failure
conditions. The proposed methodology would provide the possibility for that same 100% credit,
but only in cases where the design adequately supports effective performance. As a result, some
designs may get less than the full credit they now receive for correct flight crew action, which
may in some cases, result in the design failing to meet the integrity or availability requirements
of 14 CFR 25.1309. In such cases, the system designer would have several possible ways to
improve the design:

. Improve the flight crew interface by changing the alerting, the complexity of the
procedure, or the actions that the flight crew is expected to take.

. Make the system less dependent on flight crew intervention by reducing the likelihood of
the failure or in some way mitigating the consequences of the failure.

The methodology should be complementary to planned rule-making for 14 CFR 25.1322,
Warnings, Cautions and Advisories, which is being expanded to cover modern alerting systems.

The overall research project for the development of a method to establish flight crew intervention
credit was conducted in five phases:

Phase 1 Investigation to assess the safety leverage of the proposal
Phase 2 Investigation into alternative solutions for the problem
Phase 3 Development of the methodology

Phase 4 Reality check

Phase 5 Validation

The underlying report describes the result of phase 5, Validation.

1.2 OBJECTIVE.

The goal of this research effort was the development of a methodology that would allow credit
for good human factors design practice in aircraft certification regulation for those situations in
which flight crews are expected to take actions to mitigate system failure conditions. A list of
key design characteristics with descriptors for different performance levels was developed in
previous phases of the project [Roelen and Wever 2002, Roelen and Wever 2004, and Roelen,
etal., 2005]. The objective of this phase was twofold. The first objective was to develop a
scoring algorithm that combined the design characteristics into an overall level of certification
credit. The second objective was to validate the method by applying it to a number of system
failure cases, evaluating the outcome and comparing the result with a set of predefined success
criteria.



2. SCORING ALGORITHM.

2.1 GENERAL CONSIDERATIONS.

A list of key design characteristics that influence flight crew intervention in case of system
failures was developed in previous phases of the research [Roelen and Wever, 2004, and Roelen,
et al., 2005]. The basic steps in the human response process—detection, decision, and action—
serve as a framework for the list of design characteristics, see figure 1. The figure shows the
three basic steps and associated high-level characteristics. A failure to properly conduct any of
these steps is considered to be an inappropriate response. For each step in the response process,
influencing factors were related to characteristics of the design. Selection of key design
characteristics was based on a detailed review of accidents and incidents involving inappropriate
flight crew response to system failures, combined with academic knowledge from human factors
literature. The resulting list of 14 key design characteristics is presented as a series of multiple
choice questions, see appendix A. The list of design characteristics is summarized in table 1.

Action
Detection Decision Single action Procedure
e Timely e Awareness of e Observe o SKkill
current status
e Rousing e Nature and e Reach e Workload
location of
the failure
e Unambiguous |e Required e Operate e Feedback
corrective action
e Obvious e Awareness of e Not jeopardizing
required status other tasks
¢ Integration and
prioritization

Figure 1. Steps in the Flight Crew Intervention Process

Because the method is intended to be applicable to a wide range of possible designs and systems
failures, the design characteristics are described in a generic way. In the accompanying text,
examples are used to illustrate how each design characteristic should be interpreted.

Table 1. Summary of Key Design Characteristics

No. Characteristic

Explicit annunciation

Inherent cues

Prioritization

Removal of misleading information
Unambiguous system condition messages
Presentation of the procedure
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Table 1. Summary of Key Design Characteristics (Continued)

No. Characteristic

7 Deactivation of attention getter

8 Hand guidance

9 Feedback after inappropriate action

10 | Conditional expressions in the procedure
11 Interference with other tasks

12 Feedback after procedure

13 Prompting of deferred actions

14 Feedback after action

This method is not intended to provide a final judgement on a particular design, but rather to
serve as a starting point for the discussion between the applicant and the certification authorities.
Therefore, every effort was made to make the method as complete, objective, and unambiguous
as possible, enabling design organizations to use the method even before the formal start of
certification activities.

The following system design information is required to be able to properly complete the list of
key design characteristics:

. A description of the user interface (e.g., engineering drawing).

. A description of the location of the user interface in the cockpit (e.g., engineering
drawing).

o A complete description of the failure manifestation for the particular system failure for

which flight crew intervention credit is sought. This description should include designed
characteristics (annunciation light, instrument reading changes, messages on Engine
Indicating and Crew Alerting System (EICAS) and Electronic Centralized Aircraft
Monitor (ECAM) or similar displays, etc.) as well as inherent characteristics (vibration,

smoke, etc.).
. The proposed failure recovery procedure for the particular system failure.
. Because the current maximum level of credit is 1, it would be very difficult to justify a

lower level of flight crew intervention credit for newer designs. In fact, this could be
counterproductive as it would provide an obstacle for introducing newer and safer
systems into aircraft.

. A maximum value lower than 1 would always have to be selected arbitrarily.

This method only considers system failures in the context of a System Safety Assessment.
System failures or system failure effects that were not foreseen in the design and development
process of the system are, by definition, out of the scope of this method. However, experience
has shown that unforeseen system failures do occur. It is considered good design practice to



account for the fact that the flight crew will take corrective action in response to unforeseen
failures. In developing the method, it was assumed that the overall SSA in which this method
would be applied was of sufficient quality and completeness. It was assumed that the SSA
would consider that flight crew intervention after a system failure can also occur in cases where
certification credit is not sought.

The Fokker 100 accident on October 31, 1996, near S&o Paulo, Brazil, provides such an example.
The aircraft was performing a regular passenger flight from S&o Paulo to Rio de Janeiro. The
flight crew had been unable to arm the autothrottle during taxi-out, but was unaware that this was
the result of an unlocked thrust reverser at the right-hand (RH) engine. During takeoff,
immediately after leaving the ground, a series of uncommanded thrust reverser deployments of
the RH engine started. On this aircraft type, a thrust reverser deployment is accompanied by a
retardation of the associated thrust lever. The flight crew interpreted this as a failure of the
autothrottle, which they tried to overcome by manually advancing the throttle levers. During this
attempt, the safety cable that connects the throttle with the thrust reverser snapped. This resulted
in a situation where the RH engine provided maximum thrust, but with a deployed thrust
reverser. During the next 24 seconds of flight, the aircraft drifted towards the right, reaching an
attitude of pronounced tilting to the right and eventually collided with the ground. All 89
passengers and 6 crewmembers died in the accident, in addition to 4 people on the ground.! In
the Fokker 100 aircraft, the ‘reverser unlocked” warning is inhibited during takeoff. The
objective of inhibition is that during critical flight phases, such as takeoff, the flight crew is
expected to fly the aircraft and not be distracted by warnings or cautions. In this case, clearly,
certification credit was not sought by the manufacturer, yet the flight crew intervened to solve
the problem.

It is assumed that the system under evaluation is in compliance with existing regulations, such as
14 CFR Parts 25.1309 and 25.1322. The objective of the applicant may not necessarily be to
obtain the maximum score. This method is intended to determine how much flight crew
intervention credit may be claimed. Applicants may have good reasons not to claim maximum
credit for particular system failures, e.g., for those failures with low criticality levels.

The applicant can use the method during the system development process to identify elements
for design improvement (e.g., human factors) and as a way to structure the communication and
discussion between design teams of different systems. This can contribute to human factors
improvement and for individual designs for the cockpit as a whole.

Before applying the method to determine the credit level, the applicant should establish all
necessary failure recovery and mitigation steps. It must be recognized that failure recovery and
mitigation may not stop after the immediate problem has been solved. In case of a fuel leak, for
instance, isolation of the leaky fuel tank solves the immediate problem, but a safe landing
requires additional steps, such as recalculating the aircraft’s range and planning for an alternative
destination.

! Ministerio da Aeronautica, Estado-Maior da Aeronautica (Brazil), Aeronautical Accident Investigation and Prevention System, Cinepa 04,
Final Report, Aircraft Model Fokker 100, Congonhas Airport, Sao Paulo, 31 October 1996.



2.2 THE ALGORITHM.

Expert judgement was used to rate each of the design characteristics. Two expert panels were
consulted, one in Amsterdam and one in Seattle, WA. The expert panel in Amsterdam consisted
of seven people. Four experts were active pilots, while the other three had experience in aircraft
system design and certification. The expert panel in Seattle consisted of 13 people, all from the
FAA. Ten experts were system engineers with various specialties, two were human factors
specialists, one of whom was also an experiment pilot. Experts were asked to rate the possible
performance levels of each characteristic as full, partial, or zero. Full meant that if a certain
characteristic met the description, it should receive full credit. Partial meant that if a certain
characteristic met the description, it should receive only half of the full credit. Zero meant that if
a certain characteristic met the description, it should receive no credit at all. The results are
presented in table 2.

Table 2. Credit Levels for Each of the 14 Design Characteristics

Characteristic Credit Characteristic Credit

1 Annunciation 8 Sequential guidance

Yes, alert provided Full Yes, guidance provided Full

No alert No No guidance No
Not applicable Full

2 Inherent cues 9 Feedback on action

Yes, inherent cues present No Yes, feedback provided Full

No inherent cues Full No feedback No

3 Prioritization 10 If-then statements

Yes, priorities established Full Yes, procedure contains if-then  No

No prioritization No No if-then Full

4 Removal misleading data 11 Task interference

No misleading data Full Yes, task interference No

Misleading data removed Full No task interference Full

Misleading data not removed No

5 Unambiguous 12 Feedback task completion

Yes, unambiguous data Full Yes feedback after completion Full

No, ambiguous data No No feedback No

6 Procedure presentation 13 Deferred actions

Procedure presented Full Deferred action prompted Full

Procedure prompted Partial Deferred action not prompted No

Procedure not presented No Not applicable Full

7 Alert deactivation 14 Feedback on input

Manual deactivation Full Yes, feedback on control input Full

Automatic deactivation No No feedback on control input No

Deactivation after completion Partial Not applicable Full

Not applicable No




The overall credit level is obtained by summation of the amount of credit obtained for each of
the 14 characteristics. The total result is normalized to obtain a value between 0O (minimum
credit level) and 1 (maximum credit level):

S=1/14 Zizlmm Ci (1)

where:

S = Overall credit level
C; = Credit level for characteristic i

C; can be 1 (full credit), 0.5 (partial credit), or 0 (no credit).

3. VALIDATION.

3.1 INTRODUCTION.

Validation and verification of the method was performed in three ways. First, the method was
applied to 68 cases of in-flight aircraft system failures. The cases describe failures of four
different systems for eight different aircraft, according to the scheme in table 3.

Table 3. Overview of Aircraft Type and System Combinations Selected for the
Validation Process

Avionics Landing
System and and Gear and
Aircraft Type Instruments | Electrical | Hydraulic | Powerplant

Airbus A330 2 2 2 2
Boeing 777 2 2 2 2
Airbus A310 2 2 2 2
Boeing 737-500 2 2 2 2
Fokker 100 3 3 3 3
Fokker 28 2 2 2 2
Fokker 50 2 2 2 2
Fokker 27 2 2 2" 2

“For the Fokker 27, a failure of the pneumatic system was selected.

Second, all failure cases for the Fokker 100 were replayed in a Fokker 100-level D training flight
simulator. Four Fokker 100 simulator sessions were conducted. The crews of each session
included one pilot without a Fokker 100 type rating but with a type rating for another large
transport aircraft type, and one pilot with a Fokker 100 type rating. The pilots with the Fokker
100 type rating were part of the research team. The objective of having a pilot without
experience on the type was to be able to observe more closely how the cockpit supports the flight
crew in mitigation of system failures.



Third, a form of validation was performed via discussion of the design of the Fokker 100 cockpit
with representatives of the original Fokker 100 design team. The discussion focused on expected
flight crew behavior in the case of a system failure, with the aim to capture argumentation for the
flight deck design and flight warning computer design. Participants of this discussion included
three key players in the Fokker 100 flight deck development process (i.e., experiment pilot, chief
experiment pilot, and cockpit design engineer).

3.2 SUCCESS CRITERIA.

The following criteria were applied to determine if the method was valid:

. The method should be straightforward to apply, without requiring extensive knowledge
of human factors.

. The method should be unambiguous, producing similar results if applied by different
people.

. Application of the method should not be excessively time-consuming.

. The method should be distinguishing, such that good human factors design practice is
rewarded.

. The method should be complete, covering all relevant flight deck characteristics.

3.3 APPLICATION OF THE METHQOD.

To meet the objectives of this part of the study, aircraft from different generations and different
manufacturers were selected. A precondition for this selection was the availability of
information to conduct the safety assessment and to apply the methodology. Available time and
budget were other limiting factors for this task. The aircraft types selected for this study are
listed in table 4.

Table 4. Aircraft Types Selected for the Analysis

Propulsion
Aircraft Type Generation Type

Airbus A330 4th Jet
Boeing 777 4th Jet
Airbus A310 3rd Jet
Boeing 737-500 3rd Jet
Fokker 100 3rd Jet
Fokker 50 3rd Turboprop
Fokker 28 2nd Jet
Fokker 27 1st Turboprop




The selection of the systems used in the evaluation was based on the results of the phase 1 study.
In Roelen and Wever 2002, the appropriateness of crew response to system failures was
compared across aircraft systems. Based on those results, it was decided to include avionics and
instruments, the electrical system, landing gear and hydraulics, and the powerplant in the
analysis. Two failure cases per system, per aircraft type, were evaluated with the methodology.
Similar failures were evaluated for the different types of aircraft to allow for a proper
comparison of results across aircraft types and across aircraft generations. For example, an
engine seizure was evaluated for all types of aircraft. Three failure cases for each system were
selected for the Fokker 100, as this aircraft provided the baseline for which detailed design
knowledge and documentation was available; and the Fokker 100 was the subject aircraft in the
simulator experiment.

The assessment was conducted by the authors. Aircraft Flight Manuals, as well as Aircraft
Operations Manuals, were used as primary sources of information. A complete list of sources is
provided in section 5 of this report. In the case of annunciated failures, a 100% effectiveness of
the annunciator was assumed. A detailed description of each aircraft and system failure
combination is provided in appendix B, and a summary of results is presented in figures 2 to 11.

3.3.1 Comparison of Credit Levels.

The results of the analysis of the selected failure cases were used directly to calculate credit
levels for aircraft and system failure combinations, using equation 1 and table 2. These results
are summarized in appendix B, section B.9 and presented in figures 2 to 9. In addition to the
credit level for each individual aircraft type and system failure combination, the average credit
level for each aircraft was calculated, as presented in figures 10 and 11. The aircraft types in
figure 10 are rank-ordered according to the date of their first flight, with the oldest aircraft (F-27)
on the left and the newest (Boeing 777) on the right. Figure 11 presents the same results, but the
aircraft are grouped by aircraft manufacturer, and for the Fokker aircraft, a distinction is made
between jet and turboprop aircraft.

F-27 flight fine lock elec. circuit failure |

F-27 engine oil leak

F-27 pneumatic system leak

F-27 GND/FLT sensor in GND |

F-27 Main DC bus short circuit |

F-27 inverter 1 short circuit/electrical
smoke

F-27 LH vertical gyro failure

F-27 static port 2 blocked |

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
credit level

Figure 2. Fokker F-27 Mk500 Results



AVERAGE F-28

F-28 fuel line leak

F-28 LP compressor bearing collapse

F-28 GND/FLT sensor in GND

F-28 hydraulic system 1 leak

F-28 TRU no. 2 overheat failure

F-28 AC bus 2 short circuit/electrical
smoke

F-28 vertical gyro 1 failure

F-28 static port 2 blocked

0.1 0.2 0.3

0.4

0.5
credit level

0.6

0.7

0.8

0.9

Figure 3. Fokker F-28 Results

AVERAGE Airbus A-310

A-310 reverser unlocked

A-310 LP compressor bearing collapse

A-310 LG pos detection failure

A-310 hydraulic system A leak

A-310 DC norm bus short circuit

A-310 AC bus 2 short circuit/electr.
smoke

A-310 IRS 1 failure

A-310 ADC 1 failure

credit level

0.9

Figure 4. Airbus A310 Results
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AVERAGE Fokker 50

Fokker 50 propeller electronic control
fault

Fokker 50 engine 1 oil leak

Fokker 50 GND/FLT sensor in GND

Fokker 50 hydraulic system leak

Fokker 50 AC bus 1 short circuit

Fokker 50 DC bus 1 failure

Fokker 50 AHRS 1 failure

0 0.1 0.2 0.3 0.4 0.5 0.6
credit level

0.8

Figure 5. Fokker 50 Results

AVERAGE Fokker 100

Fokker 100 reverser unlocked

Fokker 100 fuel line leak

Fokker 100 LP compr. bearing collapse
Fokker 100 anti skid failure

Fokker 100 GND/FLT sensor in GND
Fokker 100 hydraulic system 1 leak
Fokker 100 loss of both generators
Fokker 100 DC bus 1 short circuit
Fokker 100 AC bus 2 short circuit/smoke
Fokker 100 AHRS system 1 failure
Fokker 100 cooling fan motor inop.

Fokker 100 static port 2 blocked

0 0.1 0.2 0.3 0.4 0.5
credit level

0.6

0.9

Figure 6. Fokker 100 Results
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AVERAGE Boeing 737/500

B737 reverser unlocked

B737 LP compressor bearing collapse

B737 GND/FLT sensor in GND

B737 hydraulic system A leak

B737 DC generator drive 1 low oil
pressure

B737 AC bus 2 short circuit/electr.
smoke

B737 IRS 1 failure

B737 static port 2 blocked

0 0.1 0.2 0.3 0.4 0.5 0.6
credit level

0.7

0.8

0.9

Figure 7. Boeing 737-500 Results

AVERAGE Airbus A-330

A-330 reverser unlocked

A-330 LP compressor bearing collapse

A-330 LGCIU 1+2 failure

A-330 blue hydraulic system leak

A-330 DC bus 2 short circuit

A-330 AC bus 2 short circuit/electr.
smoke

A-330 IRS 1 failure

A-330 ADR 2 failure

credit level

0.9

Figure 8. Airbus A330 Results
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AVERAGE Boeing 777

B777 fuel leak

B777 LP compressor bearing collapse

B777 GND/FLT sensor in GND

B777 hydraulic system L leak

B777 AC bus L failure

B777 AC bus 2 short circuit/electr.
smoke

B777 ADIRU failure

B777 air data system failure

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
credit level

Figure 9. Boeing 777 Results
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credit level

0.40

Figure 10. Average Credit Levels for Different Aircraft Types
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Figure 11. Average Credit Levels for Different Aircraft Types, Grouped by Manufacturer

3.3.2 Discussion of the Results.

It must be emphasized that the resulting scores should not be interpreted as quality ratings for
flight decks. The scores represent the proposed amount of flight crew credit in the context of an
SSA.

The results show that the method differentiates individual failures. For each aircraft type, the
failure case with the least amount of credit is electrical smoke. In most aircraft, this is an
unannunciated failure, which partly explains the low credit levels. The exception is the Airbus
A310, which is equipped with an avionics smoke detector and obtains a credit level above 0.5 for
this failure. However, this result is only valid under the assumption the avionics smoke detector
is 100% effective in detecting all cases of electrical smoke. While this is unlikely without any
detailed information on the system and its operational performance, the overall assumption of
100% effectiveness of annunciators was made.

None of the cases obtained the maximum credit level of 1.0. According to this result, there is
still room for flight deck improvement, even for the most modern designs. Most cases scored
particularly low on guidance with respect to the appropriate sequence of events (characteristic 8)
and an immediate feedback after an inappropriate action is made (characteristic 9).

When comparing the average results for different types of aircraft, it should be noted that these
average scores are based on only eight failure cases per aircraft. The average score is therefore
not necessarily representative of the quality of the cockpit. Furthermore, the failure cases were
not exactly identical for each aircraft type, which also complicates comparisons. Nevertheless,
some interesting observations can be made.
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Figure 11 shows the average results for each manufacturer separately; in each case, the older
aircraft is on the left and the newer aircraft is on the right. The results show that all
manufacturers obtain a higher score for their newer aircraft, with the exception of Airbus, where
the score for the A310 and A330 are similar. This result is fairly consistent with a result from a
previous phase (Roelen and Wever 2002) indicating a higher percentage of inappropriate flight
crew responses to system failures for older generation aircraft as compared to newer generations.
Comparison of the average score across manufactures is presented in figure 10; again, the oldest
aircraft is on the left and the newest aircraft is on the right side of the figure. Perhaps
surprisingly, the method does not produce higher credit levels for the generation 4 aircraft
(Airbus A330 and Boeing 777) compared to the generation 3 aircraft (Fokker 100, Fokker 50,
Boeing 737-500, and Airbus A310). The high average score for the Airbus A310 can be
explained by the relatively high score for the electrical smoke case, as explained above. The low
score for the Boeing 737-500 is also notable. Although this is a generation 3 aircraft, its score
agrees with that of earlier generations. This result may perhaps reflect that the Boeing 737-500
is a development of the Boeing 737-100 and -200, which are generation 2 aircraft. Although the
Boeing 737-500 is equipped with a newer cockpit and, particularly, with Cathode ray tubes
instead of some electromechanical instruments, much of the system logic is the same as in the
older Boeing models.

The scores for the Boeing 777 and Airbus A330 must be treated with some caution. These
aircraft are equipped with very complex integrated digital systems and from the information
available to the authors (the Aircraft Flight Manual and Aircraft Operating Manuals), it was
sometimes difficult to determine how a particular failure would manifest itself.

3.3.3 Numerical Accuracy.

The results in appendix B section B.9 and figure 10 are presented as humbers with two decimal
places, which suggests a certain numerical accuracy and a level of precision of the calculation
method. This is somewhat misleading. Strictly speaking, the measurements are ordered against
an ordinal scale, and the results are nothing more than a relative rank order. To avoid
misinterpretation of the data, it might be more efficient to categorize the results into five
different grades, ranging from poor to excellent. However, any decision on categorization will
require insight into the raw results; at this stage of development, it was considered most prudent
to present those raw results rather than processed data.

3.4 SIMULATOR EXPERIMENT.

The objective of the simulator sessions was to observe system failure handling by a non-type-
rated flight crew member and to compare observations with results from applying the method
described in section 3.3 to check whether observations regarding failure handling and flight deck
design matched the assumptions on design characteristics on which the method is based. In
particular, the way in which the flight deck design supports the flight crew in failure handling
spurred much interest.
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3.4.1 Set Up of the Experiment.

All experiments were conducted in a Fokker 100 level-D training flight simulator. Four
experiments were conducted, each involving a different experiment pilot. All experiments
included 2 hours prebriefing, 3.5 hours simulator time, and 1 hour debriefing. The Fokker 100
was selected to allow comparison of the simulator results with the paper analysis (section 3.3)
and the results from the matrix sessions (section 3.5). The objective of the experiment was
primarily to observe how the design of the flight deck supports the flight crew in failure
handling. From previous studies, it is known that flight crew response to system failures is
influenced by many factors. Flight deck design is important, but so are training, experience, and
mental and physical conditions, as well as the documentation design. To eliminate the effect of
type training as much as possible, it was decided to run the experiment with pilots who were not
Fokker 100 type rated. All experiment pilots were experienced in multicrew, multiengine
aircraft operations. One of the pilots did not have experience in glass cockpit aircraft; this was
done purposely to investigate whether glass-cockpit experience resulted in different outcomes.

The experiment pilot occupied the RH seat, and was either pilot flying or pilot not-flying,
depending on the particular failure case that was presented. The experiment pilot did not know
which failures were going to be presented. He was, however, fully aware of the purpose of the
experiment. The left-hand (LH) seat was occupied by the project pilot. All three project pilots
participating in the experiment were skilled experiment pilots with significant experience on the
Fokker 100. The project pilots performed part of the preflight briefing, and assisted the
experiment pilot in the cockpit with many practical aspects such as seat adjustment and Flight
Management System (FMS) programming. The project pilots were instructed not to provide
cues on which action to take when a system failure occurred. They were allowed, however, to
assist the experiment pilot, if explicitly requested, in performing tasks. For instance, the project
pilot was frequently asked to take over the controls while the experiment pilot performed the
required checklist items.

The simulator crew included two observers and one simulator operator. The observers took
notes and provided a short debriefing after each failure case. One observer also provided the
introduction during the pre-experiment briefing and chaired the debriefing after the experiment.
The task of the simulator operator was to load the correct initial conditions prior to each failure
case and to initiate the failure. An overview of the position of each participant during the
experiment is presented in figure 12.
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Figure 12. Overview of Simulator Seating Arrangement

The preflight briefing started approximately 2 hours before the beginning of the simulator
session and was attended by the experiment pilot, the project pilot, the two observers and the
simulator operator. The briefing started with a short introduction of all participants, followed by
an overall introduction of the project, and an explanation of what was expected from all of the
participants. The experiment pilot was explicitly asked to communicate his thought process
during the failure handling and to emphasize any observations on flight deck design
characteristics such as the clarity of failure messages, operability of controls, and the quality of
the feedback provided by the aircraft. The experiment pilot was reminded that the objective of
the experiment was not to see how fast he could solve the problem, or to rate him as a pilot. The
project pilot then provided a brief Fokker 100 cockpit familiarization, using large pictures of the
cockpit that were available in the briefing room (see figure 13). The objective was to indicate
the basic design philosophy and concept of the Fokker 100. Specific attention was paid to the
following topics:

. Dark and silent cockpit concept
. General layout of the overhead panel

. The use of the multifunction display system (MFDS) and Quick Reference Handbook
(QRH) is case of annunciated failures

o The use of the QRH in case of non-annunciated failures
o The difference between the three alerting level: advisory, caution, and warning
. The use of multifunction display unit (MFDU) control panel
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Figure 13. Preflight Briefing

3.4.2 Selection of the Failure Cases.

For each of the four simulator sessions, a set of failure cases was prepared. These failure cases
were selected so that each session involved simple and more complex failures, different flight
phases, and different systems. The list of failures was known to all participants but the
experiment pilot.

3.4.3 The Experiment.

The experiment was conducted in a Fokker 100 level-D training simulator at CAE in Hoofddorp,
The Netherlands (figures 14 and 15). All experiments were performed under simulated daylight
conditions. The motion system was engaged, and a video camera recorded the actions of both
pilots. Each session started with a takeoff in which the experiment pilot was pilot flying. When
the experiment pilot was sufficiently familiar with the aircraft (typically after 10-15 minutes), the
first failure was presented. When the failure handling was completed, a short debrief was
conducted by the observers. During the debriefing, the simulator operator prepared the simulator
for the next failure case. Each simulator session lasted 3.5 hours, which included a short break
approximately halfway through the session.
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Figure 15. Starting the APU During the Simulator Experiment
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After each session, an overall debrief of the experiment was conducted. During this debrief, the
team ran through all individual failures cases and discussed any topic that had not yet been
addressed during the experiment itself. The experiment pilot was then asked to provide general
comments on the flight deck design and those characteristics that positively or negatively
influenced his failure handling. All participants were asked whether there was any way in which
the prebriefing or the experiment itself could be improved.

3.4.4 Results.

Detailed results of the simulator experiments are provided in appendix C. Overall, it was
concluded that the setup of the experiment was successful. Failure handling by a non-type-rated
pilot in a controlled environment provided much insight into the way in which the flight deck
supports detection, decision and mitigating action following aircraft system failures. The
following observations are considered particularly relevant for this study:

. Feedback is important. This concerns feedback on the overall status of the aircraft as
well as immediate feedback on each individual action. An example from the experiment
of a lack of feedback was exhibited when starting the auxiliary power unit (APU). The
APU switch on the overhead panel must be rotated to START. Initially, there is no
apparent result: no light indication, no change of the APU parameters. Feedback in the
form of a rising APU exhaust gas temperature (EGT) occurs only after approximately 10
seconds. As a result, some pilots concluded they were doing something wrong and
attempted to restart the APU.

. Consistency in designations is essential. There were a few examples during the
experiment of procedures whose designation on the MFDU was slightly different than in
the QRH or where labels on the flight deck differed slightly from the checklist. The most
confusing situation during the experiment was a loss of both engine generators. This
resulted in the red AC SUPPLY light on the standby annunciator panel to come on, but
the procedure was listed under the heading LOSS OF BOTH ENGINE GENERATORS
in the QRH.

. Despite the low stress levels (the experiment was intentionally conducted in a relaxed
atmosphere, most flights were conducted in simulated visual meteorological conditions
without turbulence, there was no other traffic and no air traffic control (ATC)) it was
observed how quickly pilots became distracted from the task of flying the aircraft in
trying to complete a particular part of the procedure. The clearest example evident
during the experiment was during the manual rudder limiter procedure as part of some
electrical procedures. The experiment pilots were unfamiliar with this type of procedure,
which involved setting some switches on the overhead panel. Since the switches are not
easily located, some pilots got quite distracted searching for them.

. Despite the effort of engineers to design thorough procedures in a desktop environment,
pilots can and will deviate from procedures. For instance, this was demonstrated during
the simulated inadvertent (uncommanded) unlocking of the thrust reverser, after which,
one of the pilots decided to shut down the engine, contrary to the prescribed procedure.
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. Airlines have the freedom to adapt the Aircraft Flight Manual (AFM) according to their
operational needs. The difference between the AFM and the Aircraft Operating Manual
(AOM) created some confusion during the experiments; e.g., when the procedure on the
display did not correspond exactly with the procedure in the manual. This is a potential
source of flight crew error for which a regulatory safety net currently does not exist.

The experiment confirmed the importance of the design characteristics listed in appendix A, and
the results of the experiment give no reason to adapt that list.

3.5 MATRIX SESSIONS.

3.5.1 Description.

The objective of the matrix sessions was to understand the logic used in deciding flight deck
design with respect to failure handling. The setting in which this was done was a re-enacting of
the “matrix sessions’ that took place at Fokker aircraft during the development of the Fokker 100
in the early 1980s. A matrix sessions report is included in appendix D.

3.5.2 Conclusions From the Matrix Sessions.

The matrix sessions cover similar issues as those on the list of design characteristics (appendix
A), albeit less systematically. While the brainstorm approach, as followed during the matrix
sessions, surely has its merits, it is believed that similar sessions by aircraft manufacturers would
benefit from applying a systematic method, like the one developed in this project, as a
complement—not a replacement—to existing methods.

Technology was sometimes a limiting factor in designing the flight warning computer of the
Fokker 100. While the system designers were aware of the desire to have particular features at
that time, it was not possible to incorporate those due to lack of technology.

Even with a group of subject matter experts, including experiment pilots, in a desktop
environment, it is difficult to predict the behavior of flight crews. In the case of a blocked static
port discussed during the matrix session, consensus among participants was that this would be
noticed by the pilot flying immediately after takeoff as the altimeter indicated ground level.
However, the simulator experiment demonstrated otherwise.

The matrix sessions were very useful in providing a realistic view on the type of considerations
being made during the development of the flight deck and system failure-handling procedures.

Generally speaking, the matrix sessions did not reveal any particular characteristic that was not
on the proposed list of key design characteristics. The matrix session confirmed the importance
of the items on the list.

4. CONCLUSIONS AND RECOMMENDATIONS.

A method has been developed that combines flight deck characteristics into a level of
certification credit for flight crew intervention in case of system failures. The method is easy to
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apply, provided that the system failures modes and associated flight deck annunciations are
known. The time needed to determine the amount of flight crew intervention credit for a single
aircraft and failure case combination depends on the complexity of the system and the associated
failure, and the familiarity of the analyst with the system involved. In these analyses, where the
analysts had only limited pre-existing knowledge of the aircraft systems, application of the
method required approximately 1 to 2 hours per failure case. Application of the method is
expected to take only 10-15 minutes per failure case if the analysts are familiar with the systems
involved, as might be expected during application of the method as part of the aircraft’s type
certification process.

The simulator experiment and the matrix sessions confirmed the importance of the key
characteristics that are the backbone of the scoring method. The simulator experiment and the
matrix sessions did not reveal any omissions on that list of characteristics.

Application of the method to a number of sample cases shows that, as intended, it produces a
higher score for more modern flight decks. The most modern aircraft in the sample cases
(Boeing 777 and Airbus A330) did not obtain the maximum possible score, indicating that there
is still room for improvement, even for those aircraft.

As results of phase 1 of this study have shown, a method for determining realistic levels of flight
crew intervention credit in system safety assessments could result in significant flight safety
improvements. While every possible effort was spent in making this a valid, practicable, and
acceptable method, it is still the result of a research project. Therefore, it is recommended for
consideration that the Aviation Rulemaking Advisory Committee (ARAC) be informed of the
results of this study so that under the guidance of ARAC, this method can be further developed.

The simulator experiment demonstrated the confusion when the Aircraft Operating Manual
(AOM) is differs from the Aircraft Flight Manual (AFM). It is therefore recommended to initiate
an investigation into possible ways to prevent the allowable differences between the AFM and
the AOM that result inflight crew errors.
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APPENDIX A—LIST OF DESIGN CHARACTERISTICS

Is the system failure reliably, explicitly and timely indicated to the flight crew by means of
an aural and/or visual and/or tactile alert?

O Yes
O No

Explanatory notes

The single key design characteristic that facilitates detection of a system failure is its
explicit annunciation. Other failure cues, such as inherent cues and aircraft motion cues,
may be ambiguous, may be untrained and may even disrupt proper failure detection and
handling. Non-explicit failure indication on normal instruments also appears to be of
fairly low importance for detection.

Reliably means that the system should not produce nuisance alerts. The primary purpose
is to maintain the crew’s confidence in the alerts, so that they respond properly to each
alert. If nuisance alerts are common, the danger is that flight crews may ignore or cancel
alerts by habit, even when they are not nuisance alerts.

Explicitly means that the failure is indicated by a dedicated alert in order to draw the
attention of the crew. The applicant should demonstrate that the alert can be detected by
the flight crew and can be discerned as an alert.

Timely means that the failure indication should occur when the aircraft’s capability and
the flight crew’s ability still remain for effective flight crew action. Note that timeliness
may depend on particular circumstances, such as the flight phase.

Example

An illuminated master caution light is an explicit alert, while a pointer in the red band on
an engine instrument is not.



Does the system failure manifest itself to the flight crew through inherent cues and/or
aircraft motion cues?

O Yes
O No

Explanatory notes

Inherent cues are defined as cues other than designed failure annunciation cues or
instrument indications. Examples of inherent cues are vibration, odor, visible sparks,
smoke, and sounds. In addition, a system failure can manifest itself to the flight crew
through aircraft motion cues. Motion cues are defined as yawing, rolling, or pitching
motions.

In many cases there will be combinations of cues. Some cues may be very subtle and
others can be quite upsetting. Flight crew attention can easily divert to the most salient
cue, especially since flight crew may never have experienced similar situations in
operations or (simulator) training. Inherent cues and aircraft motion cues are quite often
ambiguous. An example is a loud bang, which can be the result of any type of explosion
such as severe engine trouble, a burst tire, or another cause.

The applicant should analyze whether inherent and/or aircraft motion cues may result from
the system failure.

A-2



Does the system establish suitable priorities, does it vary the level of urgency and does it
inhibit alerts depending on the flight phase and current aircraft condition and
configuration?

O Yes
O No

Explanatory notes

Suitable priority, level of urgency and inhibition of alerts are important factors when
credit is sought for flight crew intervention. This characteristic corresponds to
operational requirement 3.1.3 of SAE ARP 4102/4 “Flight Deck Alerting Systems
(FAS).”

A single system failure may cause related or associated (sub)systems to fail or may affect
operation of associated (sub)systems. Simultaneous failures may also be completely
independent. In both cases, multiple alerts may be generated; that is, presentation of two
or more approximately simultaneous alerts for different systems or subsystems.

The applicant should demonstrate that the flight deck alerting system establishes
priorities in case of multiple alerts. The application should also demonstrate that the alert
corresponding to the system failure has the proper level of urgency (Warning, Caution,
Advisory or Information) and is properly inhibited. Priority, level of urgency, and
inhibition may depend on the flight phase and the aircraft’s condition and configuration.

Example 1

When an engine failure results in a master warning light and the text message “engine
failure,” it is not regarded here as multiple alerts because it involves a single system
(engine). When an engine failure results in a warning light, the text message ‘engine
failure’ and the text message ‘electrical system 1 off’, this is regarded as multiple
messages because it involves two systems (engine and electrical).

Example 2

Failure annunciations should normally not lead to a rejected takeoff when the aircraft is
above the takeoff decision speed (Vi), and consequently, most alerts are normally
inhibited during the takeoff roll at speeds above 80 kits.



Does the system remove incorrect or potentially misleading information?

[0 The failure does not produce incorrect or potentially misleading information.
I Yes, incorrect or potentially misleading information is completely removed.
0 No, incorrect or potentially misleading information is not or only partly removed.

Explanatory notes

A system failure could lead to the display of incorrect or potentially misleading
information. The system should actively remove such information. When the information
is not removed, the flight crew may continue using it, with potentially catastrophic results.

The applicant should demonstrate whether the failure produces incorrect or potentially
misleading information. In case such information is produced, the applicant should
demonstrate that the affected parameters are removed from all displays and indicators.

Example

When an aircraft attitude information source becomes unreliable, the corresponding
attitude indications should be removed. Putting a failure flag near or on the affected
information is not enough, since people tend to continue using the information.



Are unambiguous system condition message(s) presented to the flight crew?

O Yes
O No

Explanatory notes

System condition awareness is improved when the alert includes information that supports
an understanding of the nature and location of the system failure condition. A system
condition message is defined as a message that informs the flight crew about the system
failure or abnormal operating condition.

An unambiguous system condition message states with clarity the nature and location of
the problem (ARP 4102/4) so that a direct and unique relation exists between the failure
and the system condition message. A unique relation is established when each system
condition message identifies a distinct failure condition.

Example

A message like “HYD SYS L LEAK RSVR 1” identifies the name of the failed system
(“HYD SYS L"), the fact that the system has a failure (“LEAK?”), as well as the nature of
the failure: a leak in the reservoir number #1 (“LEAK RSVR 17).



Is the corrective or compensatory procedure presented to the flight crew?

[0 Yes, the procedure is completely and automatically presented on a display.
J No, the required procedure is prompted but not automatically presented.
[0 No, the procedure is neither prompted nor automatically presented.

Explanatory notes

The applicant needs to evaluate in what way the required corrective procedure is presented
to the flight crew. The first option refers to the automatic presentation of the entire
corrective procedure or a part of the corrective procedure on a display. The procedure
may be presented automatically or after action by the flight crew, e.qg., after pushing a key.

Prompting is defined as providing an indication about how and where to find the
procedure to be performed. This information can be presented on a display by means of
for example a reference to a manual or handbook page where the corresponding procedure
can be found, or by means of a specific failure title that can be matched with a specific
procedure in a handbook or manual.

Manuals or handbooks include the Abnormal Procedures checklist, Quick Reference
Handbook, AFM, and the Aircraft Operating Manual. Manuals or handbooks can be in
either electronic or on paper.

Example
The ECAM in the Airbus A320 automatically presents the required flight crew actions in
case of a system failure.



How is the attention-drawing feature deactivated?

[J The attention-drawing feature can be deactivated by the flight crew.

O The attention-drawing feature will be deactivated automatically after a certain time
span.

L] The attention-drawing feature will be deactivated automatically only after crew action
has been successfully completed or the failure has been corrected.

Explanatory notes

Both aural and visual attention-drawing features are considered here, such as an attention
and central warning lights on the instrument panel in front of the pilot. This characteristic
addresses only attention-getting features. Alert messages are not considered here.

An attention-drawing feature is a design characteristic to alert the crew of a system failure
or an emergency or abnormal system operating condition, such as an aural alert or an alert
light.

The crew action is considered to be successfully completed when the system failure
condition has been mitigated or compensated.



Does the system provide guidance with respect to the appropriate sequence of actions in
the procedure?

O Yes
O No

Explanatory notes

This design characteristic refers to the presentation of cues that assist the flight crew to
execute the actions in the procedure in the appropriate sequence. Guidance may, for
instance, be provided by visual cues such as illumination of controls or color coding of the
appropriate action from a procedure on the display.

In order to direct the flight crew to the appropriate control that has to be operated, the
control can be highlighted. Highlighted means that the control can easily be identified as
the one that has to be operated. This characteristic is sometimes referred to as hand-
guidance, because the hand of the pilot is guided towards the correct control by means of a
(visual) cue.

This design characteristic may help the flight crew to maintain situational awareness,
reduce the workload and minimize the probability of error when executing a number of
actions under conditions that may involve high workload.

Example
An example of highlighting is illumination of the engine fire pushbutton corresponding to
the affected engine in case of an engine fire.



Does the system provide immediate feedback to the flight crew after an inappropriate
action is made?

O Yes
O No

Explanatory notes

Inappropriate action can be an inappropriate operation of the correct control, or operation
of the wrong control. The latter may be caused by out-of-sequence execution of actions in
the procedure or skipping of actions.

The applicant must show that the system logic can detect inappropriate actions.



10.

Does the procedure contain if-then statements?

O Yes
O No

Explanatory notes

If-then statements are conditional expressions. They require evaluation of a particular
condition and a subsequent flight crew decision based on the result of that evaluation.
Generally speaking, if-then statements in a procedure will increase workload, in particular
when nesting of if-then statements occurs.
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11.

Does the procedure contain one or more action(s), which require a continuous operation
and/or monitoring of controls to such a degree that these action(s) jeopardize other
operating and/or monitoring tasks?

O Yes
O No

Explanatory notes

The cockpit is a typical multitask environment, with many tasks running in parallel. Some
failure mitigation procedures require continuous monitoring of certain indications; other
procedures require continuous operation of certain controls. These tasks may draw too
much of the flight crew’s attention, and as such, they can jeopardize the other cockpit
tasks.

Example

In many aircraft, the procedure for manual cabin pressure control requires continuous
monitoring of pressurization instruments.
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12.

Does the system provide feedback with respect to the system condition during and after
completion of the corrective or compensatory procedure?

O Yes
O No

Explanatory notes

Feedback is defined as information about the current system condition, and includes the
failure condition. This design characteristic covers the degree to which the system enables
the flight crew to observe or assess the result of their corrective actions after they have
completed the required corrective actions. The applicant must show that the feedback
provided to the flight crew is unambiguous.

Example

In case of a hydraulic failure on the Boeing 737-400, the flight crew is required to put the
flight control switch to STBY RUD. This deactivates the flight control LOW PRESSURE
light, although the pressure in the system is still low. The failure still exists but is not
indicated any more. In this case, the feedback information is ambiguous.
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13.

Does the system automatically prompt deferred actions at the appropriate moment, and
does it automatically display information that must be remembered as a result of the
failure?

O Yes
O No

Explanatory notes

Some failure mitigation procedures require actions that must be performed when certain
conditions are fulfilled or when a certain amount of time has past. Other procedures may
require the flight crew to remember certain information.

When deferred actions are not prompted or when relevant information is not automatically
presented, successful flight crew intervention depends on the human memory. Especially
under abnormal conditions, this may be a weak point.

Example

Examples of recall of remembered data or information are memory items and speed
restrictions under certain conditions.
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14.

Is feedback on the control input provided?

O Yes
O No

Explanatory notes
This refers to information to the flight crew on the fact that indeed the control position has

changed after the action. This feedback can be straightforward, as in the case of a toggle
switch. It can also involve a light in a pushbutton, a color change after selecting an item

with a cursor control device, etc.

Note that visual feedback implicates that it is visible by both crew members.

A-14



APPENDIX B—APPLICATION RESULTS

The following sections provide a detailed description of aircraft type failure case combinations
that have been analyzed for the purpose of this study. Each of the cases includes a description of
the failure, the failure manifestation, the required crew procedure as per Aircraft Operations
Manual (AOM), a description of the required flight crew action, information on alert inhibition,
information on possibly incorrect or misleading information that may appear as a result of the
failure, and a description of (failure) manifestations after completion of the procedure. In all
cases, canceling the aural alerts and the master caution and warning light is considered normal
crew action and is not specified in the procedures or the description of crew action. Section B.9
of this appendix summarizes the results of the analysis in a tabular format, showing how each
combination of aircraft type and failure case scores according to the list of key characteristics in
appendix A.

B.1 FOKKER 100.

Aircraft type: Fokker 100

Failure case: Blocked static port, right-hand system.

Failure manifestation: Left and right airspeed and altitude indications on EFIS differ.

If left and right airspeed indications differ by more than approximately 10 kts: Double chime,
Master caution light amber flashing, COMPARE SPEED message in amber on the MFDU.
AOM Procedure:

COMPARE SPEED ALERT

EFIS INDICATIONS. ... i e i e i i e e e e e COMPARE WITH STBY INSTR
IT required:
AFFECTED SOURCE. . . - i i i i i e e i i e e e caeaeaaaas SELECT ALTN SYS

Alert inhibition: First engine on-TO power, 80 kts-Liftoff, Touchdown-last engine off.

Incorrect or possibly misleading information:

Incorrect airspeed on RH EFIS.

Incorrect altitude on RH EFIS.

Incorrect vertical speed on RH EFIS.

Description of required action: Compare left EFIS speed indication, right EFIS speed indication
and standby speed indication. Determine which speed indication is deviating (left or right).
Push ADC select pushbutton on the deviating (affected) side. Pushbutton is located on main
instrument panel.

Manifestation after correct completion of procedure: ADC source select pushbutton on affected
side has illuminated amber ALTN caption. No difference between LH and RH altitude, speed
and vertical speed indications.
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Aircraft type: Fokker 100
Failure case: Hydraulic system 1 leak in tank.
Failure manifestation: System 1 tank quantity display on hydraulic panel (located on the
overhead panel) will display decreasing fluid quantity: Quantity is numerically displayed in
percentage of maximum tank capacity. When the level is below 37 percent the LO QTY light for
system 1 will illuminate amber on the hydraulic panel. Double chime. Master caution light
illuminates amber on the glareshield panel. An HYD SYS 1 LO QTY message appears in amber
on the MFDU. Aileron forces increase to approximately two times the normal values.
AOM procedure:
HYDRAULIC SYSTEM 1 LOW QUANTITY
SYS 1 ENG AND 2 PUMP . L e e e e e e e e eeaee e eeaaaan OFF
HYDRAULIC SYSTEM 1 FAIL PROC. . .o i e e e e i e ee e e APPLY
STATUS: Flight controls single channel

Normal flap iInoperative

Normal gear iInoperative

Speed brake inoperative

Reversers inoperative

Hydraulic system 1 low quantity
Alert inhibition: 80 kts-400ft, 1000 ft-80 kts.
Incorrect or possibly misleading information: No incorrect information displayed.
Description of required action: Push ENG 1 PUMP and ENG 2 PUMP for system 1.
Pushbuttons are located on hydraulic panel on the overhead panel.
Manifestation after correct completion of the procedure: Aileron forces are approximately two
times normal. ENG 1 PUMP and ENG 2 PUMP pushbuttons for system 1 have illuminated
white OFF caption. LO QTY light for system 1 will remain illuminated on hydraulic panel.
MFDS will display status:

Flight controls single channel
Normal flap inoperative

Normal gear inoperative

Speed brake inoperative
Reversers inoperative

Hydraulic system 1 low quantity
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Aircraft type: Fokker 100

Failure case: Ground and flight switch remains in ground mode after liftoff.

Failure manifestation: Landing gear selector blocked in down position. If the aircraft is above
400 ft radio altitude: Double chime, amber Master caution light amber, GRD and FLT
CONTROL message in amber on the MFDU.

AOM procedure:

LANDING GEAR SELECTOR BLOCKED IN DOWN POSITION

N I MAX 200 Kkt
IT no GND/FLT CONTROL alert is displayed above 400 ft AGL
T 0 1 DEPRESS
LG SELECTOR. - ¢ i i i i i i e e i e e e e e e ccceaccacaaaaaaaann upP

IT GND/FLT CONTROL alert is displayed:

DO NOT RETRACT LANDING GEAR

SERVICES CONNECTED TO THE GND/FLT CONTROL MAY BE AFFECTED
Alert inhibition: No inhibition.
Incorrect or possibly misleading information: Incorrect position on the FMS (remains position at
the beginning of the runway).
Description of required action: No action required.
Manifestation after correct completion of the procedure: Landing gear selector is in down
position. When a GND and FLT CONTROL alert is displayed, amongst others, the following
services may be affected:

J Cabin pressurization

Stall protection

Lift dumper auto disarming after liftoff

Wing and/or tail anti icing

MFDS (no flight phase inhibition, no procedures display)
FMS (no aircraft position prediction)

EFIS (Vss and Vya not displayed)

ATC transponder(s)
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Aircraft type: Fokker 100

Failure case: DC bus 1 short circuit.

Failure manifestation: Possible smell of burning, electrical smoke.

Double chime, master caution light amber flashing, DC BUS 1 FAULT in amber on MFDU.

DC bus voltage zero on electric display on the overhead panel (if display selector switched to DC
bus and VOLT pushbutton selected)

Left-hand fuel tank indication inoperative, left-hand oil pressure indication inoperative, hydraulic
quantity indication #1 displays “0”.

AOM procedure:

DC BUS 1 FAULT

DO NOT X-TIE
BUS EQUIPMENT LIST . . i i it i i e i e e emamememeaenn CHECK
MAN RUD LMTR PROC. - . ot e e e e e e e e e e e e e eameeem e APPLY

AVOID ICING CONDITIONS

Alert inhibition: 80 kts-400 ft, 400 ft,-80 kts.

Incorrect or possibly misleading information:

Hydraulic quantity indication #1 displays “0”.

Description of required action: Application of manual rudder limiter procedures requires
depressing the RUDDER LIMITER pushbutton (located on the flight augmentation panel on the
overhead panel). Then the SPEED pushbutton must be switched to either low speed mode or
high speed mode, depending on the flight speed.

Manifestation after correct completion of the procedure: DC BUS 1 FAULT in amber on
MFDU. Rudder limiter pushbutton has illuminated white MAN caption. SPEED pushbutton
will have illuminated white caption, either HI or LO. Left-hand fuel tank indication inoperative,
left-hand oil pressure indication inoperative, Hydraulic quantity indication #1 displays “0”.
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Aircraft type: Fokker 100

Failure case: Failure of avionics cooling blower fan # 1, # 2, and # 3.

Failure manifestation:  Single chime, AVNCS COOL INOP in amber on the MFDU.
IHlumination of the white EFIS EMER COOL FAN light on the avionics panel on the overhead
panel. RH EFIS and both MFDS DU’s fail after approximately 15 minutes.

AOM procedure:

AVIONICS COOLING INOPERATIVE

AVNCS COOL INOP PROC . ot oot i e it i e e e e a e e e e e APPLY
AVIONICS COOLING INOPERATIVE PROCEDURE

STBY ANN PANEL . « o e e e e e e e a e et BACK UP
STBY ENG IND . o .o e e f e e e e e e e ON
EFIS EMER COOL FAN LIGHT - . o i e e e e e e e e e e ee e - CHECK
J If light is on:

LH EFIS DU’s remain operative
Expect failure of RH EFIS and both MFDU’s after
approximately 15 min.
J If light is not on:
Expect failure of all EFIS DU’s and both MFDS DU’s after
approx 15 min.
Alert inhibition: TO power-1000 ft, 1000 ft- 80 kts
Incorrect or possibly misleading information: No incorrect information displayed.
Description of required action: Manual selection of the Standby Annunciator Panel by
depressing the WARN SYS BACKUP pushbutton at the standby annunciator panel on the main
instrument panel. Switching on the Standby Engine Indication with the SEI ON/OFF toggle
switch on the standby Engine Indicator Panel on the main instrument panel. Verify illumination
of the EFIS emergency cool fan light on the overhead panel.
Manifestation after correct completion of the procedure: IHlumination of white BACKUP caption
on the WARN SYS BACKUP pushbutton at the standby annunciator panel. SEI toggle switch in
ON position. Indications of EPR, TGT, N1 and N2 values on the SEI. AVNCS COOL INOP in
amber on the MFDU. Illumination of the white EFIS EMER COOL FAN light on the avionics
panel on the overhead panel. RH EFIS and both MFDS DU’s fail after approximately 15
minutes.
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Aircraft type: Fokker 100

Failure case: Attitude and heading reference system 1 failure.

Failure manifestation: Double chime, Master caution light. EFIS in amber on the MFDU.
Amber ATT and HDG flags appear on the left-hand PFD, ATT initially flashing. Attitude
sphere, roll pointer, roll scale, slip indicator, aircraft symbol, FD command bars or flight path
vector and flight path target are removed from LH PFD. Heading marks and bugs are removed
from the LH PFD. ATT and HDG source select pushbutton on the LH Source Select panel has
amber FAULT caption illuminated. Source select panel is located on the main instrument panel.
AOM procedure:

EFIS FAULT
Source SeleCt. ... e e e e e e e e a e ea e CHECK
IT required:

Affected SOUNCe. ... e e e e eeeeeann SELECT ALTN SYS

Alert inhibition: Central warning inhibited from 80 kts -400 ft and 400 ft - last engine off.
Incorrect or possibly misleading information: No incorrect or possibly misleading information.
Description of required action: Select alternate attitude and heading source by pushing ATT and
HDG source select pushbutton on LH Source Select Panel.

Manifestation after correct completion of the procedure: ATT and HDG source select
pushbutton on the LH Source Select panel has white ALTN caption illuminated.
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Aircraft type: Fokker 100

Failure case: Non-annunciated AC bus 2 failure resulting in electrical smoke in the cockpit.
Failure manifestation: Electrical smoke.

AOM procedure:

ELECTRICAL SMOKE

OXY MASK/GOGGLES . . - o i i e e e e et e e eam s AS REQUIRED
CREW COMMUNECATHION. - o o e i e e e e et e e e e e emaeaaem e ESTABLISH
ESS + EMER PWR ONLY . .o i i i e i e it i i e i e e e mamemeaeaeaaann ON
] MAX 250 kt/M.06
BUS EQUIPMENT LIST . i e e e e it e e e e e e mamememaamm s CHECK

AVOID AREAS OF SEVERE TURBULENCE
AVOID ICING CONDITIONS

MAN RUD LMTR PROC. - -« e e e o e e e e e e e e e e e e e e e APPLY
LAND AS SOON AS POSSIBLE
SMOKE REMOVAL PROC (if required). . - oo ee e e APPLY

Alert inhibition: No inhibition.

Incorrect or possibly misleading information: After selecting the ESS + EMER PWR ONLY
pushbutton to ON several consequential failure alerts are displayed at the MFDU. The
corresponding procedures should not be executed.

Description of required action: Depress the ESS + EMER PWR ONLY pushbutton on the
Electric panel on the overhead panel. This pushbutton is guarded.

Manifestation after correct completion of the procedure: ESS + EMER PWR ONLY pushbutton
has white illuminated ON caption. After selecting the ESS + EMER PWR ONLY pushbutton to
ON several consequential failure alerts are displayed at the MFDU.
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Aircraft type: Fokker 100

Failure case: Loss of both engine generators.

Failure manifestation: Loss of services, whole series of messages appears on the MFDU. The
Standby Annunciator Panel (SAP) is automatically activated. The AC SUPPLY light illuminates
red on the SAP. GEN 1 and GEN 2 pushbuttons on the overhead panel have amber illuminated
FAULT caption.

AOM procedure:

LOSS OF BOTH ENGINE GENERATORS

€] N =V T OFF THEN ON
IT no generator recovered:
STBY ENG IND. c o i e i i e e e e e e e caaccaaaaaaaaan ON
DESCENT - - oo i e e e e e e e e e e e m e e a e INITIATE
APU,iIT available. ... . o e START
IT no AC power restored:
STBY ANN PANEL. .o i e e e e caeaaaaann BACK UP
FUEL SUCTION FEED PROC. . .o i i i e e i i e e eaa e APPLY
MANUAL CABIN PRESS CONTROL PROC. ... . ... APPLY
SPEED. - i e a e MAX 250 kt/M.65

AVOID AREAS OF SEVERE TURBULENCE
AVOID ICING CONDITIONS

LAND AS SOON AS PRACTICABLE
SERVICES INOPERATIVE FOR LANDING:

e AUTOMATIC LIFT DUMPER EXTENSION
e ANTI-SKID

e THRUST REVERSERS
Alert inhibition: No inhibition.
Incorrect or possibly misleading information: Loss of both engine generators is a level 3 alert as
indicated by the red AC SUPPLY light on the SAP. Level 3 alerts require immediate corrective
or compensatory action by the flight crew. But the messages on the MFDU (like AC BUS 1
FAULT, AC BUS 2 FAULT, etc) appear in amber, indicating a level 2. Level 2 alerts require
immediate pilot awareness and subsequent corrective or compensatory action. Absence of a
level 3 warning indication on the MFDU may cause confusion.
Description of required action: First action is resetting both generators by pushing the GEN 1
and GEN 2 pushbuttons on the electric panel on the overhead panel to OFF and then to ON
again. If no generator recovers the standby engine indicator panel is turned on by switching the
SEI ON/OFF switch on the center main instrument panel to ON. A descent must be initiated and
the APU started by rotating the APU start selector on the right lower overhead panel to START.
Manifestation after correct completion of the procedure: Depends on whether the APU is able to
provide electric power. If the APU is not available the electrical system runs on battery power
only. A fully charged battery will provide a minimum of 30 mins standby power.
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Aircraft type: Fokker 100

Failure case: Uncommanded unlocking of the thrust reverser due to a failure of the selector
valve relay.

Failure manifestation: Master caution light illuminates amber. Double chime. REVERSER
ENG 1/2 message appears in amber on the MFDU. A green ‘R’ appears on both side of the
relevant EPR tape on the MFDU. The thrust reverser feedback mechanism realizes automatic
retardation of the associated throttle to the idle position. The autothrottle disconnects. Sudden
deceleration and pitch change of the aircraft. Vibration and buffet.

AOM procedure:

REVERSER UNLOCKED

IT thrust lever blocked at idle and/or pronounced buffet:

REVERSER UNLOCKED PROCEDURE. . . .. i i i i i e i i e ee e e APPLY
REVERSER UNLOCKED PROCEDURE - INFLIGHT

SPEED . L L e e e e e e e e e e e e e VET0
LIFTD (OVHD panel) ... oo e e e e e e e e ceccaacaacaaaaaan OFF

Cycle affected reverse thrust lever to idle reverse and back
to forward idle position
LIFTD (OVHD panel) . - - .o o e e e e e e e e e e e e NORMAL
IT alert persists:
Use zero fTlap for approach and landing
Apply LANDING WITH FLAPS LESS THAN 25 procedure.

Alert inhibition: 80 kts- 1000 ft, 1000 ft - touchdown.

Incorrect or possibly misleading information: No incorrect information.

Description of required action: The lift dumper system must be switched off by pressing the
guarded LIFTD pushbutton on the hydraulic section on the overhead panel to the OFF position.
The affected reverse thrust lever on the throttle must be cycled to idle reverse and back to
forward idle. The liftdumper system must then be switched on again by pressing the guarded
pushbutton.

Manifestation after correct completion of the procedure: A green ‘R’ appears on both side of the
relevant EPR tape on the MFDU. The associated throttle remains in the idle position. Vibration
and buffet remains.
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Aircraft type: Fokker 100

Failure case: LP compressor bearing failure (engine 1).

Failure manifestation: Rapid decrease of N1 to 0. TGT increases rapidly. Loud bang, sudden
high-frequency vibration, decreasing as N1 slows down. N2 goes to windmilling value, TGT
slowly decreases to ambient temperature. Repetitive triple chime. Master warning light
illuminates red. ENG 1 FAIL message in amber on the MFDU. Fuel lever light of engine 1
illuminates. Abnormal electric and hydraulic indications due to the inoperative engine.

AOM procedure:

ENGINE FAILURE

IGNITHON .« L e e e e i e e e c e caccacacaaaaaaaaan RELIGHT
THRUST LEVER. « oo e i e e e e e i e e ccacaccaaacaaaaans IDLE
IT no immediate relight:

L I SHUT
IGNITHON . « . i e e e e i e e e i e e accacaccaaacaaaaaaaaaaann NORM
IT damage:

FIRE HANDLE . . . - i e e e i e e ccemaaaan PULL & DISCH 1
SINGLE ENGINE PROCEDURE. . < v i e i e i e i e e i e e e cccecmaeaaaan APPLY

Alert inhibition: Electrical power on - first engine on. In landing from 400 ft to touchdown.
Incorrect or possibly misleading information: No incorrect or possibly misleading information.
Description of required action: Rotate the ignition switch on the engine panel on the overhead
panel to RELIGHT. Retard the left-hand thrust lever on the pedestal to the idle position. Move
the left fuel lever on the pedestal to the SHUT position. Rotate the ignition switch on the engine
panel on the overhead panel to NORM. Pull and rotate the ENG 1 Fire handle on the overhead
panel.

Manifestation after correct completion of the procedure: N1 indicator of affected engine shows
0. N2 indicator shows windmilling value. EGT reducing to ambient temperature. Throttle of
left-hand engine in idle position, fuel lever shut. ENG 1 fire handle is pulled. Left-hand engine
AGENT 1 or 2 has amber illuminated DISCH caption. Left-hand engine indicators show values
corresponding with inoperative engine. Possible remaining abnormal electric and hydraulic
indications due to the inoperative engine.
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Aircraft type: Fokker 100
Failure case: Anti-skid failure.
Failure manifestation: Double chime. Master caution light. ANTI-SKID message on the MFDS

AOM procedure:
ANTI-SKID FAULT

APPLY BRAKES CAREFULLY
LANDING DESTANCE. < - o e e i i e e e it e e e d e e mmamemeaaaaa s CHECK

Alert inhibition: In takeoff from 80 kts to 400 ft.

Incorrect or possibly misleading information: No incorrect or possibly misleading information.
Description of required action: Apply brakes carefully to prevent blown tires. Multiply landing
distance by factor according to tables below.

LAND WEIGHT FACTOR LAND WEIGHT FACTOR
(1000 KG) FLAP 42 | FLAP 25 (1000 KG) FLAP 42 | FLAP 25
28 1.61 1.78 62 1.61 1.78
31 1.72 1.92 68 1.72 1.90
34 1.82 2.04 74 1.81 2.03
37 1.93 2.17 80 1.90 2.14
40 2.03 2.27 86 2.00 2.24
43 2.11 2.37 92 2.06 2.32
46 2.17 2.44 98 2.14 2.40
48 2.22 2.48 105 2.22 2.48

Manifestation after correct completion of the procedure: No specific manifestation.
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Aircraft type: Fokker 100

Failure case: Fuel leak at right-hand engine.

Failure manifestation: Excessive engine fuel flow, fuel quantity decreasing at an abnormal rate.
Possible indications: Single chime, FUEL ASYM message in amber on the MFDU. Single
chime, CTR TK PUMPS message in amber on the MDFU, associated with amber LO P
indication of both center tank pushbuttons on the fuel panel on the overhead panel. Single
chime, COLL TK 2 LO LVL message on the MFDU. When fuel quantity in right-hand wing
tank drops below 100 kg, LO +numerals (flashing) are shown on the R wing tank fuel quantity
display on the fuel panel on the overhead panel.

AOM procedure:

FUEL ASYMMETRY

FUEL MANAGEMENT . & oo it e e it i e e e e e e cececacaeaaaaaaeann CHECK

CENTER TANK PUMPS
CTR TANK PUMPS 1 AND 2. it i e i e i e e e e e aemeemeaaaams OFF

COLLECTOR TANK LOW LEVEL

FUEL MANAGEMENT . oo i i i e e e e i e e e c e ceccacacaaaaaaaann CHECK
AVOID EXTREME ATTITUDES

Alert inhibition: In takeoff from TO power to 1000 ft. In landing from 1000 ft to last engine off.
Incorrect or possibly misleading information: No incorrect or misleading information
Description of required action: Whichever MFDU message comes first depends on the actual
fuel situation at the time the leak occurs. Most likely the fuel asymmetry message is the first to
be presented, and this requires a check of fuel management. The center tank pumps message is
an indication of an empty center tank and requires switching off both center tank fuel pumps by
pressing both CTR TANK PUMP pushbuttons on the fuel panel on the overhead panel to OFF.
Manifestation after correct completion of the procedure: If the center tank pumps are switched
off the center tank pushbuttons on the fuel panel on the overhead panel become blank. Right-
hand engine will eventually flameout.
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B.2. FOKKER F-27.

Aircraft type: Fokker F-27 Mk 500
Failure case: Blocked static system right-hand side.
Failure manifestation: Right-hand altimeter keeps indicating the airfield elevation. Right-hand
airspeed indicator indicates too low.
AOM procedure:
PITOT STATIC SYSTEM
Check PITOT HEATING lights out and static selectors NORMAL.
IT lights are out and selectors NORMAL:
Select ALTERNATE SOURCE one at a time and both together.
IT a static system is suspect leave selector of affected system
in ALTERNATE SOURCE.

Alert inhibition: No inhibition.

Incorrect or possibly misleading information: Right-hand altimeter and right-hand airspeed
present incorrect information until alternate source is selected.

Description of required action: The flight crew verifies that the pitot light is off and that the
source select switches are in the normal position. These switches are located left and right on the
main instrument panel. The flight crew then switches the right-hand source select switch to
ALTERNATE SOURCE and cross compares the airspeed and altitude indications left and right.
The right source select switch is switched back to NORMAL and the left source select switch is
switch to alternate source. Again, the crew cross compares left and right airspeed and altitude
indications. Finally, both source select switches are switched to ALTENRATE SOURCE and
left and right altitude and airspeed indications are cross compared. From this the crew decides
which system is at fault. The source select switch of the faulty system is switched to
ALTERNATE SOURCE, the source select switch of the correct system is switched to
NORMAL.

Manifestation after completion of the procedure: The right-hand source select switch is selected
to ALTERNATE SOURCE.
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Aircraft type: Fokker F-27 Mk 500

Failure case: Failure of left-hand vertical gyro.

Failure manifestation: The left-hand ADI shows a red GYRO flag and a COMPUTER flag.
Attitude indication on left ADI differs from right ADI and standby horizon.

AOM procedure:

FLAG ON LH ADI

For attitude display use standby horizon and RH ADI

FLIGHT DIRECTOR . - oot e i e i e e e e e e e e e ae e ee e aaaama OFF
Alert inhibition: No inhibition.

Incorrect or possibly misleading information: LH ADI will continue to indicate incorrect
attitude.

Description of required action: The flight crew must refer to RH ADI and standby horizon to
obtain correct attitude information. The flight director must be switched OFF by rotating the
MODE SELECTOR rotary knob on the glareshield to the OFF position.

Manifestation after completion of the procedure: The LH ADI shows red GYRO flag. The
COMPUTER flag on the left ADI and the V-bar on both ADIs have disappeared. The autoflight
MODE SELECTOR switch on the glareshield is in the OFF position.
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Aircraft type: Fokker F-27 Mk 500

Failure case: Leak in pneumatic brake pressure bottle.

Failure manifestation: Pneumatic BRAKE pressure indicator on the center main instrument
panel will indicate low brake pressure.

AOM Procedure:

PNEUMATIC SYSTEM LEAKAGE

Isolating valve. . ... ... e e e e e aaaaaan ouT
Before gear down:

Isolating valVve. . . e e IN
After gear down and locked:

Isolating valVve. . ... e e e e e e e ouT
Before touch down:

[ JRST0 1F= 1 of 1T IN

Landing gear problems can be expected if the following
pressures are low:
Main bottle:

PressuUre. . .. e eaeaaaaaa BELOW 200 psi
Refer to Landing Gear Fails to Extend procedure
Pressure. ... e e BELOW 1000 psi

Refer to Nosewheel Steering Failure procedure
Brake bottle:
PressuUre. .. e e BELOW 1500 psi
Refer to Brake Bottle Pressure Low procedure
Alternate Bottle:
Isolating Valve. . ... i e e e e ceecaaaaaaaaan IN

Brake pressure low:
Be prepared to use alternate brake when brake bottle pressure
IS reaching 1000 psi

Safety WEre. o o e e e REMOVE
IT braking 1s required:
Alternate brake. ... .. ... ... ...... MOMENTARY ON / BACK TO HOLD

IT deceleration is not sufficient repeat the procedure
To release alternate brake pressure:

Alternate Brake. .. . ... ... a e OFF
Alert inhibition: No inhibition.
Incorrect or possibly misleading information: No incorrect or possibly misleading information
Description of required action: The isolation valve lever must pulled OUT to close the isolation
valves. This lever is located on the pneumatic panel at the back of the cockpit, directly behind
the captain’s seat. The valve lever is guarded by a lock that must be moved aft to be able to
operate the lever. The isolation valve lever must be pushed in to allow operating of the landing
gear and also before touchdown. During landing the alternate brake pressure must be used by
breaking wire that locks the ALTERNATE WHEEL BRAKES rotary knob on the left-hand side
panel. When braking is required, to ALTERNATE WHEEL BRAKES rotary knob must be
momentary rotated to the ON position, and than back to HOLD.
Manifestation after completion of the procedure: No specific indication.
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Aircraft type: Fokker F-27 Mk 500

Failure case: Failure of left main gear microswitch, aircraft remains in ground mode.
Failure manifestation: Landing gear lever will not move up.

AOM procedure:

GEAR HANDLE WILL NOT MOVE UP

Trigger on gear handle. ... .. ... e eaaaaaann PULL
Turn knob (either direction) . ... ... .. e ceacaaann 60°
Gear handle. . ... e e e e e UpP

Locking lever remains in down position
Alert inhibition: No inhibition.
Incorrect or possibly misleading information: No incorrect or possibly misleading information.
Description of required action: The trigger on the landing gear handle must be pulled and the
knob turned to allow split operation of the gear handle. The upper part must be moved to the UP
position.
Manifestation after completion of the procedure: The landing gear retracts and normal
indications will show the correct operation of the gear. Upper part of landing gear lever is in the
UP position, lower part remains in DOWN position.
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Aircraft type: Fokker F-27 Mk500

Failure case: Short circuit inverter 1 resulting in electrical smoke.
Failure manifestation: Electrical smoke.

AOM procedure:

ELECTRICAL SMOKE

Main Oxygen Bottle. .. .. ... .. e e caaeaaaaan OPEN
Oxygen Masks and Smoke Goggles. ... ... ..o ON
Audio Selector Panel . . ... ... .. e SET

o BOOM/MASK Microphone Selector. ... .. ... ... .o o.-. MASK

0 Interphone. .. ... . e acaaaaaaa ON
Essential Power SwItCh. . ... .. .. i i i aeacacaaaaaan ON
DC Power SeleCtor. ... .. e e e e e et e e e OFF
(CT=T 1= = N a0 ] OFF
AN i (=Y = o ] OFF
HP COCKS . - o o i e e e e e e e e d e e LOCK OUT
IT smoke penetrates mask:

0 Select Oxygen Regulator........ .. ... ... .. .... EMERGENCY

Pause - Observe Smoke

IT smoke continues:
0 Assume failure essential system
0 Land at nearest ailrport
0 Restore Power:

BoGeneratorS. ... e e e e e e e eae e ON

m AlternatorS. .. ... e eeeaeaaaaan ON

= Essential Power Switch. .. .. ... .. ... ... .. ...... OFF

o Isolate affected systems by pulling CB’s, time
permitting.

IT smoke decreases:
Only essential power available
Consider restoration of electrical power as per procedure?.

Alert inhibition: Not applicable.
Incorrect or possibly misleading information: No incorrect or possibly misleading information.

2 Corrective actions for power restoration are described in a two-page procedure that is not reproduced here.
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Description of required action: After donning the oxygen masks and ensuring proper
communications, the crew switches the ESS PWR switch to ON to energize the Essential DC and
AC buses from the battery bus. The ESS PWR switch is a guarded switch located on the
overhead panel. The generators and alternators are switched off by moving both GENERATOR
and both ALTERNATOR toggles switches to the OFF positions. These switches are located on
the overhead panel. The high pressure fuel cocks are set in the LOCK out position by pushing
the HP Cock levers, located on the pedestal, fully forward. After these actions have been
completed the crew monitors the conditions. If smoke continues the crew must land as soon as
possible and restore power by switching the alternators and generators back on, and switching
off the essential power. Affected systems may be isolated by pulling circuit breakers. There are
five circuit breaker panels, the main CB panel is located at the aft cockpit wall, behind the co-
pilot position.

If smoke reduces following the switch to essential power, the electrical power is gradually
restored by stepwise activation of the electrical systems according to a logical scheme. This is a
lengthy (two page) procedure that has not been reproduced in this report.

Manifestation after completion of the procedure: When the ESS PWR is switched ON, the ESS
DC 1 and ESS DC 2 lights illuminate white on the overhead panel. When the generators are
switched OFF, the two amber GENERATOR INOPERATIVE lights and the red GENERATOR
BOTH INOPERATIVE light illuminate on the overhead panel. When the alternators are
switched OFF, the two ALTERNATOR INORP lights illuminate red on the overhead panel. Volt
and Ampere meters indicate electrical loads and voltages of the respective electrical buses. All
Volt and Ampere meters are located on the overhead panel. Depending on which buses are
unpowered and which CBs may have been pulled, some systems may not be operating.
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Aircraft type: Fokker F-27 Mk500

Failure case: Main DC bus short circuit.

Failure manifest