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GLOSSARY ACARS BLT Card C/L CRZ EFB HF Flex TO FMS/FMGS FOB FRAM GRWT/GWT kt Loadsheet MAC MCDU MTOW ND Co-pilot PF PFD PLN PNF QFU QRF TOW V1 V2 Vr VMO ZFW



Arinc Communications Addressing and Reporting System Boeing Laptop Tool Paper document on which takeoff parameters are shown Check List Cruise Electronic Flight Bag Human Factors Takeoff at reduced thrust Flight Management System/ Flight Management and Guidance System Fuel On Board Functional Resonance Analysis Model Gross Weight Knots Loading report, weight and balance breakdown Mean Aerodynamic Chord Multipurpose Control and Display Unit Maximum Take Off Weight Navigation Display Co-pilot Pilot Flying Primary Flight Display Flight plan Pilot Not Flying Magnetic bearing of runway Quick Return Flight Take Off Weight Decision speed Takeoff safety speed Rotation start speed Maximum Operating Speed (added by translator, see page 22) Zero Fuel Weight
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INTRODUCTION Two similar serious incidents occurred in France in July 2004 and December 2006. The first occurred at Paris Charles de Gaulle and involved an Airbus A 340-300 belonging to Air France, the second occurred at Paris Orly and involved a Boeing B 747-400 belonging to Corsairfly. The common cause of these two events was the crew entering much lower than normal takeoff weight and values for associated parameters (thrust and speeds). The effect in each case was an early rotation with a tailstrike on the runway followed by a return after dumping fuel. Beyond the damage to the aircraft, these takeoffs were undertaken with inadequate thrust and speed, which could have led to a loss of control of the aircraft. These incidents were the subject of BEA investigations and reports, the first published in the "Incidents in Air Transport" journal number 4, July 2006, and the second referenced df-ov061210 and dated January 2007. These reports can be consulted on the BEA web site: www.bea.aero. Elsewhere in the world, several other accidents, serious incidents and incidents of the same type have occurred during recent years. These generally involved new generation aircraft, being caused by more or less significant errors in entering takeoff parameters that were not detected by crews. They occurred in various airlines and on various types of large aircraft manufactured by Airbus and Boeing. The most serious event involved the destruction of a B 747-200 Cargo on takeoff at Halifax and the death of all the crew members. Finally other incidents arising from errors of the same type, but of lesser magnitude, were reported more recently, on latest-generation large and medium-sized aircraft, such as an Embraer 190 in 2006. During 2007, following the investigation of the second serious incident that had occurred in France, a working group was established bringing together the BEA, the DGAC (French Civil Aviation Authority), representatives of two French operators (Air France and Corsairfly) and a laboratory specialising in human factors (Applied Anthropology Laboratory, LAA), in order to study processes for errors specific to the flight phase prior to takeoff and to analyse the reasons why skilled and correctly trained crews were unable to detect them. Foreign investigation bodies, airlines and manufacturers were consulted during the study.



The work of the group related to the following points: 1) To list, at an international level, events of the same type that were the subject of an investigation or analysis. 2) To make a state-of-the-art review by analysis of HF publications that handle the subject directly or in more general terms but applicable to the question raised of the process of error and recovery therefrom. 3) To carry out an ergonomic inspection of the various systems used by crews. A documentary study of the various procedures in airlines was completed by handling FMS’s assigned to crew training. The assessment focussed essentially on "ergonomic criteria" in order to list the functional characteristics of tools offered by Airbus and Boeing, and on applying the associated crew procedures by taking pains to determine the potential risk of errors. 4) To study the selected incident and accident reports. The FRAM model (Functional Resonance Analysis Model) developed by Hollnagel in 2004 was used as a tool in this study. Using reading files created for each event, the model is based on a breakdown of the general process into basic functions in order to identify failures and their possible recovery, taking account of contextual factors. For each function, a certain number of barriers were proposed: physical, material, incorporeal, functional or symbolic.



5) To research changes that manufacturers propose in the design of their on-board systems in order to avoid or recover from the errors studied. Use of erroneous parameters at takeoff 05/05/2008
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Airbus, Boeing and Honeywell were questioned by the working group. 6) To gather testimony from pilots who have been confronted with errors made in takeoff parameters, using completed questionnaires from the survey carried out in one of the airlines. 7) To observe the work by the crew and the use of systems, particularly in the "preparation" and "departure" phases of the flight. Sixteen trips were carried out with two observers per flight, on different aircraft types of the participating airlines (A 320, A 330, B 747, B 777). Using evaluation charts designed for the purpose, the observations enabled listing of all the tasks carried out by each crew member from the start of preparation until takeoff, in their operational context, subject to different temporal and environmental limitations. These flights also enabled the remarks and thoughts of aircrews on the subject to be noted. Modified charts were also updated in order to be used in the future by pilot instructors or managers, to assess the effectiveness of procedures implemented by the operators.



This report describes all these steps.
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1 Analysis of Literature on Human Factors (HF) 1.1



Approach Adopted



An initial review was made of the state of the art relating to HF publications covering this aspect. The purpose was not to carry out an exhaustive review of the subject but to identify work likely to help in understanding input errors, this work being directly relatable to the subject or more generally to the ergonomics of interactions with the FMS. This review was carried out using databases of HF publications accessible to LAA (Ergonomics Abstracts…).



1.2



List of Articles Selected



The literature search enabled identification of two document types: Manufacturers' Notes Some manufacturers' documents (Boeing, Airbus) deal with the subject of "tailstrikes" and takeoff parameter calculation errors directly. Two documents were selected as part of the literature analysis: Airbus Briefing Notes - Understanding takeoff speeds Boeing Document - Erroneous takeoff reference speeds However, these documents are not necessarily focused on HF problems. Their aim is rather more to provide information to airlines and pilots, enabling them to gain a general understanding of the problem and in this respect were a good starting point for the analysis. Scientific articles on Human Factors The literature search did not enable identification of HF publications directly related to the subject. In total, eight articles were selected. They related to the following subjects:  Errors linked to using FMS (the studies did not relate directly to errors linked to takeoff parameters).  Memorisation of speeds in the cockpit (the study related to approach speeds).  Go or No-go decision for takeoff. These articles, while they don't relate directly to the subject, do nonetheless include some items that can be related to the topic of the study and so enable a better understanding of some of its aspects and serve as a possible basis for recommendations. The following table lists the selected articles, the associated reading files being in the Appendix. Title Understanding Takeoff speeds Erroneous takeoff reference speeds The effect of an advisory system on pilots' go/no-go decision during take-off Response Time to reject a takeoff Difficult access: the impact of Recall steps on Flight Management System errors Skill Decay on takeoffs as a result of varying degrees of expectancy Pilot Interaction with cockpit automation II: an experimental study of Pilots' Model and Awareness of the FMS When does the MCDU interface work well How a cockpit remembers its speeds



Author AIRBUS BOEING T. Bove Harris



Year



2002 2003



K.Fenell



2006



S.M. Stevens



2007



N.B. Sarter



1994



L. Sherry E. Hutchins



2002 1995



Table 1: List of articles selected



Use of erroneous parameters at takeoff 05/05/2008



Page 7/120



1.3



Definition of the Problem Airbus Briefing Notes - Understanding takeoff speeds Boeing Document - Erroneous takeoff reference speeds



Airbus states that takeoff speeds are a key element of safety for takeoff that allow pilots' decisions to be guided in this very dynamic situation:



Using erroneous values can lead to a tailstrike, a takeoff rejected at high speed or a climb with reduced performance. Regarding the human factors involved, Airbus states that last minute changes, time pressure or an increased work load can be the cause of errors in speed calculations. The work load of the PF during pushback and taxiing phases being high, cross checks can be difficult. The Boeing study defines the different types of errors likely to occur assuming that the input values are correct: - Error in data conversion - Error in selection of weight on loadsheet - Key errors during input (weight or speed) - Error in field selection during input (Perf Init or TakeOff ref) - Error in table selection in the case of a manual calculation - Error in using the table - Error in selection of the high-lift flaps In terms of margins for error, Boeing states that, taking account the models in the FMS, an error is detected if the ZFW entered is too low. On the other hand, the margins are such that a ZFW can be entered instead of a GW.



1.4



Input into the FMS



Among the articles selected, two concerned FMS input errors: Fenell (2006) and SHERRY (2000). Fenell (2006) conducted an experiment with 22 C130 pilots on the tasks to be performed using the FMS. Errors were classified into four categories: - Format, - Input, - Verification, - Access. The results revealed that the majority of difficulties concerned accessing the appropriate function (access error). Errors occurred more frequently when there was no real match between the task to be performed and FMS functionalities. In this case the pilot must reformulate what he has to do and call on his memory to access the appropriate initial page. If the guidance is also inadequate, access errors increase.
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Possible implications The errors studied in Fenell's (2006) experiment don't relate to tasks involving input of takeoff parameters. However, they do show errors linked to flight plan input tasks. During the preparation phase, problems of access to pages can lead to an increase in the work load and leave little room for the memorisation of other items such as aircraft weights. The previous study showed that the MCDU interface is very well adapted when: - The pilot's task is directly supported by a function, - Access to pages and data formats is guided by labels or other visual indications. Sherry (2000) stated that the interaction can be described in 5 steps: 1. Reformulation 2. Access to the appropriate interface 3. Formatting of data to be entered 4. Data input 5. Verification of input data Each step is carried out either by recalling the action to be performed from long-term memory or by recognising certain environmental indications. Thus the recall and recognition tasks can be distinguished: a task is said to be a recall task if it has no visual signals such as a prominent label or a message. In the opposite case, we talk about a recognition task. Recognition is more robust and faster. In particular, recognition is more resistant to interruption of tasks and to work overload. Consequently the design of future systems must be guided by two broad principles: - Establish tasks and sub-tasks for the job that are supported by the automated equipment, - Add sufficient labels, prompts and feedback to enable pilots to carry out the 5 steps described above. In addition, resorting to a graphic interface could be helpful: - For the reformulation and verification steps. A graphic representation can simplify the presentation of the situation. - The other steps can be simplified by using dialogue boxes or drop-down menus. Possible implications This study shows the importance of guidance by the interface and the suitability of the interface for the task. This is especially true for interactions linked to the flight preparation phase where interruptions to the task can be numerous. If some design recommendations are drafted following this study, these items should be considered. For example we can refer to late changes that are not supported by the interface and that require significant reformulation on the part of the crew. On the other hand the article suggests interest in using a graphic interface for presenting input data relating to reformulation and verification aspects. This could be applied to weight and/or speed data, a graphic representation of weight data could make verification easier and avoid errors in confusing ZFW and TOW, for example (see chapter on symbolic barriers).



1.5



Memorising Parameters



Among the articles selected, that of Hutchins (1995) was concerned with memorising landing speeds. The author describes the way in which these landing speeds are memorised in the cockpit. The memorisation of speeds is described according to three approaches: - A procedural approach - A cognitive description of the representations and processes external to the pilots - A cognitive description of the representations and processes internal to the pilots



Use of erroneous parameters at takeoff 05/05/2008



Page 9/120



The author describes the different representations of speed values by distinguishing them according to their permanence, from the most lasting (e.g.: Speed/Weight matching cards) to the most transient such as those spoken. These descriptions show that if these speeds are memorised in the cockpit (in other words, that they are "known" by the system made up of the aircraft, equipment, documents and crew), they're not necessarily memorised by the pilots, even in working memory. To use the results of this article in the context of the study, it is quite straightforward to draw a parallel between landing speeds and takeoff speeds: How are weights and speeds memorised in the cockpit? First objective: to take off at the correct speeds. Rotation speed Vr is called out to the PF by the PNF. To do this, does the PNF need to remember this speed? No, the presence of speed bugs or indicators on the PFD turns this memorisation task into a spatial connection task for Vr or an auditive recognition task for V1. The different representations of these speeds in the cockpit are linked to the precise context of a takeoff and so remain for a short time ("card", FMS, PFD). These representations become still more transient when the values are called out (during input, during C/L). If we consider the cockpit as a whole (FMS, "card", laptop, crew, PFD), we can say that these speeds are memorised. Each of these representations enables it, but does not ask the pilot to call on his memory. In fact, when the pilot inputs the speeds into the FMS, depending on allocation of tasks foreseen by the procedure, the pilot calls on a very short term memory or a short term working memory. He doesn't necessarily compare this value to values that could be stored in long term memory (long term working memory). This may explain why it may happen that gross errors may not be picked up. With experience pilots might develop internal structures to reconcile with a provisional structure in the environment (this is what we will qualify as recognition of orders of magnitude). However, the presence of the different media does not require the pilot to keep these speeds in working memory. The longest lasting representations of values are less vulnerable to task interruptions. Intermediate objective: To take the correct weight into account for speed calculation. Takeoff speeds ((V1, Vr, V2) are calculated for each flight taking account of: - permanent aspects of the aircraft such as the empty weight, - specific aspects of the flight such as the load and number of passengers, - contextual aspects such as the length of the takeoff runway and the weather forecast. Decisions by the pilots may or may not have an impact on the specific aspects of the flight (fuel vs load). In the same way as for speeds, if we consider the entire cockpit system (loadsheet, "card", FMS, laptop, pilots), we can say that the weights are memorised. The total weight at takeoff is a determining parameter for speed calculations. Depending on operating mode, this weight is read, calculated, written and/or inputted. It is represented in the aircraft on different media, each having a more or less significant duration of validity: preliminary loadsheet, final loadsheet, "card", flight file and FMS. Unlike the speeds, these data have levels of accuracy that differ depending on the media. They come either from outside, or from calculation, or an input, or a calculation by the system. Differences in accuracy, validity and units make an immediate comparison without interpretation practically impossible. So the verification of these values must involve a manipulation, which leads pilots to store these values (for a longer or shorter time) in their working memory. However, the number of different values for the same weight and the number of different weights handled can overload this working memory and render it difficult or even impossible to make any internal reconstruction of the situation based on these different values.
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Possible implications The transposition of ideas highlighted by the Hutchins article shows that the representations of weights and speeds enable memorisation at the level of the cockpit ("card", loadsheet, FMS, PFD, laptop) but not necessarily by the pilot: The presence of different media means that crews don't necessarily need to store takeoff speeds in working memory. So it's difficult for them to develop knowledge of orders of magnitude. As for weight data, these are manipulated by the crews (rounded, units transposed, comparison of close weights). However, the number of values manipulated is such that working memory can be saturated, making any comparison with orders of magnitude difficult.



1.6



Takeoff – Detection of an Anomaly



Among the articles selected, three were more particularly concerned with rejected takeoffs in the event of an anomaly being detected: Sarter (1994), Bove (2002), Stevens (2007). Sarter (1994) conducted a study with 20 experienced pilots in a part-task simulator (B737) with the aim of studying the pilots' understanding of FMS operation. One of the tasks related to rejected takeoffs. During this task, when the aircraft reached 40 knots, pilots were asked what they would do to reject the takeoff. The aim was to study their understanding of the functioning of the auto-throttles. The results showed that 80% gave the wrong answer. This revealed existing gaps in the pilots' mental models of the functional structure of the automation in abnormal situations subject to time pressure. These results as well as those obtained on other tasks show that: - There are gaps in pilots' understanding of the automation, - the interface does not facilitate understanding of system status by pilots, - pilots are not necessarily aware of these gaps. The author underlines that the problems are not inherent to the system but more to limitations in the way the automation has been integrated and in particular in the allocation of tasks (and knowledge) carried out by the system and by the pilots. Possible implications The most interesting item in the Sarter article is that it's not concerned with input of takeoff parameters. The study deliberately did not include initialisation of performance because "observations during training have shown that these tasks did not put pilots to the test. The study preferred to concentrate on in flight tasks, ground tasks being less subject to time pressure and to competing tasks". This shows the difficulty of observing the context of takeoff preparation in a simulator and of reproducing all the interactions in order to have a truly ecological approach (one that reproduces the real working environment) in the study of this phase. This supports the choice of real in-flight observations. Bove (2002) conducted a study in a fixed base simulator on the contribution of a decision support system (ATOMS: Advisory Take Off Monitoring System) related to continuing or halting takeoff. The principle of this system relies on a comparison of theoretical performance of the aircraft in the conditions on the day with the real performance of the aircraft. During takeoff, graphic information is presented on the speed indicator of the PFD and the ND. On the PFD (Figure 1), in the event of nominal performance a green sector appears indicating the minimum speed to take off and the maximum speed to stop. If the acceleration is less than that theoretically planned, the sector is amber and shows the minimum speed to be reached to take off. On the ND (figure 2) a picture represents the runway. In the acceleration phase, a green sector indicates the minimum position to be reached to take off and the maximum position to be able to stop the aircraft. In the event of acceleration less than that calculated theoretically, the sector is amber and indicates the minimum position to be reached. In the event of rejection of takeoff, a green sector indicates that the deceleration is sufficient to stop the aircraft; if this is not the case, the sector is amber.
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Figure 1: ATOMS symbols on the PFD



Figure 2: ATOMS symbols on the ND



In total 20 pilots of Airbus A320/330/340 took part in this study. Each was faced with 6 different scenarios with and without ATOMS (or the reverse): - A. Nominal situation - B. Braking problem - C. Engine fire - D. Engine problem + Fire - E. Erroneous weight and low acceleration remaining within predefined safety margins. - F. ATC alert The results show that the presence of the ATOMS system had no significant influence in scenarios A, B, E and F. For scenario B, the ATOMS system enabled crews to detect the braking problem and reject takeoff. In scenario D, the ATOMS contribution was significant in terms of the speed at which the decision to reject takeoff was taken. Scenario E that related directly to our study is the one in which an erroneous weight was entered. However the scenario started when the weight and speed data had already been entered into the FMS. During the scenario, the safety margins fell (the sector remained green but reduced). So it was a matter of determining if the presence of the system in one case where the safety margins fall could have a side effect and influence the crew to reject the takeoff, which was not the case for the 10 crews taking part. Possible implications of results The results of this experiment showed the importance of the ATOMS system for the detection of certain anomalies. If takeoff is started with an erroneous V1, Vr or inadequate thrust, the system can enable detection of non-nominal behaviour of the aircraft. However, it should be noted that the results should be considered carefully, the use of a fixed simulator for the takeoff phase really limits the factors able to influence decision-making by pilots. It would be interesting to question manufacturers to find out if other experiments were conducted (without being published) and/or if other similar systems are being studied. An appropriate system could constitute the ultimate barrier in the event of errors in the takeoff parameters not being previously detected. On the other hand, the article is particularly interesting in the approach that the author adopts to describe the factors that can influence the decision to continue or to reject a takeoff. In fact the first parts are devoted to a description of the main aspects of the takeoff phase, then to the problems of handling information and evaluation of risks on the decisions to continue or to reject takeoff. The author highlights the fact that the decision must be taken under time pressure although it involves significant risks. It must be based on incomplete, complex and dynamically changing information. The author distinguishes three phases leading to rejection or otherwise of the takeoff. 1) diagnosis This is done on the basis of: • discrete events Use of erroneous parameters at takeoff 05/05/2008
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•



continuous signals: • visual movement passing outside the cockpit • The small jolts while rolling (or rather the differences between the jolts) • The sense of balance • The speed indicator: the difference between the current speed and the speed in 10 seconds is a measure of instantaneous acceleration • The rate of increase of engine thrust Pilots can have difficulties in interpreting these signals because other factors affect the time required for takeoff (weight, temperature, altitude...). 2) the prognosis This is a matter of being able to make reliable inferences, for example to project that the current acceleration is adequate. It can prove difficult to see or to judge the end of the runway (pilots don't necessarily apply the correct braking force) and an overestimation or underestimation effect can be noted depending on the visibility of the sides of the runway. 3) Decision-making. The diagnosis and the prognosis lead to making a decision: to reject or to continue the takeoff. The factors that can influence the decision in favour of continuing the takeoff are: • V1 so take off is possible with one engine out, • Possibility of increasing thrust. • Possible uncertainty in the calculation of V1. Possible implications The article highlights the difficulties associated with the detection of an anomaly and with decision making during takeoff. In particular, the author underlines that V1 is considered as a reference in making the decision, when if one of the items used in the calculation of speeds is inaccurate (for example, if the engines don't provide the appropriate thrust), the calculated V1 will not correspond to a rejected takeoff made in a safe manner. These items could be used in order to make pilots fully aware of these problems during their training.



Harris (2003) conducted a study on an Aerosoft 200 flight trainer (747-200). A total of 8 scenarios were tested by 16 pilots with calls to reject takeoff at the following speeds: 60, 80, 90, 100, 120, 130, 135 or 141 kts (V1 in all cases being equal to 141 kts). Those taking part did not know the speed at which the call to reject takeoff occurs. The calculation of acceleration and stopping distances for the certification aspects of FAR/JAR 25 is central to the determination of safety margins at takeoff. In the calculation of V1, the crew reaction time, the time to apply the brakes, the activation time for the thrust reversers and the time to deploy the spoilers must all be taken into account. To see the action through successfully, several steps are required: 1) Identification of the problem 2) Analysis and decision 3) Call to reject takeoff 4) Perception of the call 5) Cross check with V1 6) Decision 7) Action In 114 tests, there were 9 cases where takeoff was continued. The results show that the response time reduced with ground speed but increased again as V1 approached Average responses corresponded to what is described for certification but when approaching V1 the typical difference increased. Possible implications The results of the study show that on approaching V1, reaction times are longer and on average they correspond to that described in certification. However, when approaching V1 the standard Use of erroneous parameters at takeoff 05/05/2008
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deviation increases, which indicates that extreme values (in other words, increased reaction times) may be observed. Stevens (2007) conducted a study using a PC simulator, aimed at showing the influence of the degree of predictability in performance in order to stop takeoff. Trainees (147) and pilots (12) took part in the study. Performance was analysed on the basis of reaction time and deviation relative to a central line. In the two cases performance fell off when the participants did not expect the event to arise: - in terms of response times for the 2 types of participants - in terms of deviation for the students Possible implications These results highlight the difficulties in training crews for the flight preparation phase and especially for making a decision to reject or continue takeoff. The results of this study underline how little data exists relating to the validity of transfer of skills acquired on a simulator during expected situations and their application to unexpected emergency situations.
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2 Analysis of procedures and ergonomic inspection 2.1



Comparative analysis of procedures



2.1.1 Description of different procedures AIR FRANCE B777 Items relating to the input and verification of performance data for takeoff are found in the following documents: -



Normal flight phase procedures: Initial preparation of flight compartment. FMS initialisation, Before starting. Before takeoff. - Normal system procedures: These procedures describe inputs into the FMS more specifically: FMS – flight compartment preparation, FMS - Before starting. Items relating to the verification of parameters are also found in the pre-takeoff briefing. By relying on these procedures, the input of weight and speed data into the FMS is done in two stages: 1. During the "FMS initialisation" phase, the PF inputs the data and the PNF verifies the inputs. In particular the PF inputs the forecast ZFW. He also selects the takeoff thrust required, either my means of a theoretical temperature or by choosing full thrust. Reference speeds calculated by the FMS are displayed. And as soon as refuelling status allows it, the crew is asked to check the GRWT as well as the reference speeds. 2. During the "Start" phase, the input of final weight breakdown must be done by the Co-pilot by cross checking with the Captain. At the time of receipt of the final loadsheet, this is verified jointly by the Captain and the Copilot. The Co-pilot transfers the takeoff weight to the "card" and compares it with that on the "card". The Co-pilot inputs the zero fuel weight (ZFW) into the FMS and compares the GRWT with the loadsheet. The Captain calls out the takeoff parameters and the Co-pilot confirms or modifies the reference speeds. This phase ends with the "Before start C/L" during which the FMS data relating to takeoff (V1, Vr, V2 and N1) are announced. During the pre-takeoff briefing, the PF must give a reminder of the takeoff parameters. It is stated that this briefing is the time to confirm the conditions (level of thrust, temperature, runway condition) taken into account during preparation of the takeoff card. On the other hand, it is recommended that during the "takeoff" phase of the flight, the PF's MCDU display should be TAKEOFF REF ½ and that of the PNF should be LEGS.
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AIR FRANCE A340 Items relating to the input and verification of performance data for takeoff are found in the following documents: -



-



Normal flight phase procedures: Initial preparation of flight compartment. Departure, Before starting, Before takeoff. Normal system procedures: These procedures describe inputs into the FMGS more specifically: FMGS – flight compartment preparation, FMGS - departure FMGS – before starting.



Items relating to the verification of parameters are also found in the pre-takeoff briefing. By applying these procedures, input of speed and weight data is done during the "departure" phase. The PF inputs the ZFW. It is stated that as long as the final weight breakdown is not available, the crew can input the ZFW to obtain estimates of fuel unballasting, from the flight time and optimum flight altitude. Speeds V1, Vr and V2 are also input during this phase. The inputs must be verified by the PNF. During the departure briefing, the takeoff weight and speeds are recalled by the PF with the aid of MCDU pages. During the "Start" phase, the loadsheet is verified and signed by the Captain. The takeoff card is completed and verified by the Captain (writes the weight from the loadsheet on the "card" and compares it with the weight forecast on the "card") The weight data are brought up to date by the Captain. The ZFW is inserted, speeds V1, Vr and V2 are verified. Performance is completed by the Co-pilot. This phase ends with the "BEFORE START C/L" during which performance inputs are checked. During the pre-takeoff briefing, the PF recalls the takeoff parameters. It is stated that this briefing is the time to confirm the conditions (level of thrust, temperature, runway condition) taken into account during preparation of the takeoff card. It is stated that if a change of QFU takes place during taxiing, the V1, Vr and V2 data must be brought up to date after cross checking. On the other hand, during the "takeoff" flight phase, the PF's MCDU display should be PERF TO and that of the PNF should be F-PLN.



AIR FRANCE B747 Items relating to the input and verification of performance data for takeoff are found in the following documents: -



-



Normal flight phase procedures: Initial preparation of flight compartment. FMS initialisation, Before startup, Before takeoff. Normal system procedures: These procedures describe inputs into the FMS more specifically:
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FMS - flight compartment preparation, FMS - Before startup. Items relating to the verification of parameters are also found in the pre-takeoff briefing. According to these procedures, the input of weight and speed data into the FMS is done in two stages. During the "FMS initialisation" phase, the Captain inputs the data and the Co-pilot verifies the inputs. Reference speeds calculated by the FMS are displayed. And as soon as the filling status allows it, the crew is asked to verify the GRWT as well as the reference speeds. During the "Start" phase, the input of final weight breakdown must be done by the Co-pilot by cross checking with the Captain. At the time of receipt of the final loadsheet, this is verified jointly by the Captain and the Co-pilot. The Co-pilot transfers the takeoff weight to the "card" and compares it with that on the "card". The Co-pilot inputs the zero fuel weight (ZFW) into the FMS and compares the GRWT with the loadsheet. The Captain calls out the takeoff parameters and the Co-pilot confirms or modifies the reference speeds. This phase ends with the "Before start" checklist during which the FMS data relating to takeoff (V1, Vr, V2 and N1) are called out. During the pre-takeoff briefing, the PF recalls the takeoff parameters. It is stated that this briefing is the time to confirm the conditions (level of thrust, temperature, runway condition) taken into account during preparation of the takeoff card. On the other hand, during the "takeoff" flight phase, the PF's MCDU display should be PERF TO and that of the PNF should be F-PLN.



CORSAIRFLY B747 Items relating to the input and verification of performance data for takeoff are found in the following documents: -



-



Expanded normal procedures: CDU - Preflight Procedure, Preflight Procedure, Before start Procedure, Taxi and Before TakeOff procedure. Additional normal procedures Calculation of performance VIA BLT and adjustment of CDU.



Each pilot completes his technical PLN using the loadsheet. The Captain calls out "ZFW_", "GRWT_","TOW_". The Captain inputs the ZFW, the crew then verify consistency with the GRWT. The performance data are then calculated using the BLT: The Co-pilot inputs the TOW in the Planned Weight, activates the CALCULATE button and passes the BLT to the Captain. The Captain reads aloud the data entered into the BLT. Inputting the speeds in the TAKEOFF REFERENCE page is carried out by the Captain in the following way: "V1 calculated __(BLT), V1 suggested __(FMS) and inputs V1(BLT) after comparison, then the same procedure for Vr and V2. The Co-pilot verifies and calls out CHECK. During the takeoff briefing, the PF calls out "V1__", and "V2__", that he reads on the PFD.
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2.1.2 Comparison of different procedures CORSAIRFLY 747 PF PNF



Capt ain



Copilot



AIR FRANCE 747 PF PNF



Before start C/L Pre-takeOff Takeoff briefing



2.2



Copilot



Input forecast ZFW



Departure FMS initialisation Departure briefing Before startup



Capt ain



AIR FRANCE 777 PF



PNF



Capta Coin pilot



Input forecast ZFW



AIR FRANCE 340 PF



PNF Capt ain



Input ZFW V1,Vr, V2



Verif ZFW V1,V r,V2



Copilot



Recall TOW and speeds Input ZFW V1,Vr, V2



Verif ZFW V1,Vr, V2



Verif ZFW V1,Vr, V2



Input ZFW V1,Vr, V2



Verif ZFW V1,Vr, V2



Input ZFW V1,Vr, V2



Upda te ZFW V1, Vr, V2



V1, Vr, V2 called out by?



V1, Vr, V2 called out by?



Verify input (values?)



Recall



Recall



Recall



Ergonomic inspection



The assessment carried out on the man-machine interfaces consisted of an ergonomic inspection of its use. It consisted of a set of approaches requiring judgement by the assessors. Although all these methods have different objectives, they are aimed in general at detecting aspects of the interfaces that can lead to operating difficulties or burden the work of users. The inspection methods are distinguished from each other by the way in which the judgements by the assessors are achieved and by the assessment criteria forming the basis of their judgements. Among the methods of inspection, those used most often are: the analysis of compliance with a set of recommendations, the analysis of compliance to standards, the use of heuristics and the use of criteria. In the context of this study, inspection was essentially based on Ergonomic Criteria. Ergonomic criteria represent the major ergonomic dimensions according to which interactive software can be detailed or assessed. A definition of each criterion is available in an appendix. 1. Guidance 1.1 Prompting 1.2 Grouping / Distinction of items 1.2.1 Gr / Dist by location 1.2.2 Gr / Dist by format 1.3 Immediate feedback 1.4 Legibility (not studied) 2. Workload 2.1 Brevity 2.1.1 Concision 2.1.2 Minimal actions 2.2 Information density
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The comparative analysis of procedures highlighted 3 main screens connected with input of weight, speed and takeoff related performance data. The ergonomic inspection was carried out on these three screens. B777 Perf Init



B747 Perf Init



Thrust Lim



Thrust Lim



TakeOff ref



TakeOff ref



A340 INIT



TakeOff



2.2.1 PERF INIT The PERF INIT and/or INIT screens contained in particular the data relating to weight of the aircraft (load), balancing and fuel (FOB, RESERVES) required to calculate performance. B777



A340



B747



Grouping / Distinction of items by format The input areas are highlighted using a specific presentation format. The fields to be completed are indicated by boxes matching the maximum number of characters that can be entered. For the B777: On this page both the ZFW and reserves, and the COST INDEX, CRZ ALT and CRZ CG must be entered. For the A340: On this page both the ZFW and the ZFWCG must be entered. The boxes are amber coloured indicating that they are required data. The TOW is indicated in small green characters, indicating that it's an unchangeable calculated value. For the B747: As for the B777, on this page both the ZFW and reserves, and the COST INDEX and the CRZ ALT must be entered. An ambiguity rests in the possibility or entering or not entering the GRWT. As for the other input areas, boxes indicate the maximum number of characters to be entered. It would be a good idea to confirm if this input possibility isn't deactivated depending on the airline. The CORSAIRFLY procedure states, for example: Do Not Enter the ZFW into the GRWT boxes. The FMC will calculate performance data with significant errors.
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Grouping / Distinction by location The layout in columns of the items taken into consideration in the calculation of aircraft weight makes sums and comparisons easier. On the Boeing 777 and Boeing 747 screens, the GRWT calculated by the system is indicated above the measured fuel and ZFW. On the A340 screen the TOW is indicated under the ZFW and the Block. However, to obtain the TOW it's necessary to subtract the taxi that's located in the other column.



Prompting No indication is available in the three screens on the status of the data: Forecast or final ZFW and GRWT/FUEL changing during re-fuelling.



Error protection For the B777 and the B747: The ZFW field has high and low limits: it's not possible to input values outside these limits. For the A340: The range of possible values for ZFW extends from 35.0 to 350 t. No additional protection is apparently implemented.



Compatibility The documents used for ZFW input are the flight file (the name can vary depending on the airlines: depending on octave tracking, technical PLN) and the loadsheet. It is noted that these values can be expressed in some documents in kilograms while input into the FMS is done in thousands of kilograms. On the other hand, the sequence of the data is not necessarily identical. In fact, on the working documents, you generally find TOW, sum of ZFW and fuel, under these data. File ZFW Fuel TOW TOW



FMS GRWT Fuel ZFW



On the B747 and B777 screens the TOW is not indicated. Only the GRWT appears. When the crew has to verify consistency of the GRWT, it has to make a calculation in order to be able to make an approximate comparison with the TOW.



All these items lead to conversions, calculations and manipulations on the part of the pilots. Although individually straightforward, these operations are contributory components to the work load associated with this preparation phase and can therefore be the source of errors.
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2.2.2 THRUST LIMIT The THRUST LIM screens (B777 and B747) enable the crew to enter the theoretical temperature that will allow them to obtain full or reduced thrust for takeoff.



The heading for theoretical temperature is SEL. If the theoretical temperature selected is greater than ground temperature (OAT) a D is put in front of TO to specify that a reduced thrust takeoff has been chosen. Pressing on TO selects full thrust at takeoff. The items TO1 and TO2 are not used or cannot be entered by crews on certain models; these items nonetheless being part of the information load.



2.2.3 TAKEOFF The TAKE OFF (or TAKE OFF REF) pages indicate the takeoff parameters, in particular speeds V1, Vr and V2, the flaps and the theoretical temperature .



B777



A340



B747



Grouping / Distinction by format The input areas are highlighted using a specific presentation format. The fields to be completed are indicated either by boxes or by dashes matching the maximum number of characters that can be entered.



Use of erroneous parameters at takeoff 05/05/2008



Page 21/120



For the B777: The input fields show clearly the distinctions between the data required and those that will be calculated and perhaps modified afterwards (boxes vs dashes). Regarding reference speeds calculated by the aircraft, the functioning is as follows: When the parameters required for the calculation have not been entered, dashes are present in place of the values to be entered. The calculated speeds appear in small characters; when they have been confirmed or modified by the user they then appear in large characters. The theoretical temperature previously entered is indicated in large characters and can be modified. For the B747: The input fields show clearly the distinctions between the data required and those that will be calculated and perhaps modified afterwards (boxes vs dashes). Regarding reference speeds calculated by the aircraft, the functioning is as follows: The calculated speeds appear in small characters; when they have been confirmed or modified by the user they then appear in large characters and the notation REF in front of each value is deleted. For the A340: The speeds to be entered are indicated by amber boxes as long as a value has not been entered. The temperature FLEX TO TEMP is entered in this screen.



Grouping / Distinction by location For the B777: The presence of unconfirmed reference values on the right of the screen could lead the crew to error in the sense that it is not clear that the system doesn't have confirmed values (possibility for the crew to take off without takeoff speeds input into the system). When takeoff speeds are the subject of a calculation other than that suggested by the FMS, the reference values could be displayed by default in the centre of the screen while the fields for speed values could remain empty as long as values calculated by the crew have not been entered. The GWT appears on the PERF INIT screen and on the TAKEOFF REF screen. In both cases it is calculated by the system and can't be entered. The display of this item in the same position on the two screens could allow a reduction in the perceptive load. On the TAKE OFF REF screen, the positioning in the centre of the screen is an additional indicator to differentiate fields accessible to modification.



Error protection: B777 The ranges of speed values are from 100 to 300 kt. No additional check on the values is carried out, in particular no check on the sequence of values (V1 
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