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3 Mk e TR 11 A% 0.80  0.2000
4 SYAE 5L 20 AFF 0.8 0.2125
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Fig.1 Network diagram of aircraft departure procedure function
®4 ERIF,IhEEER EMEEEUAMERGLE

Table 4 Estimated by experts is the probability of F, function changes in time and precision

e SR L1 LK2 LHK3 LKA LHKS5
S [0.85, 0.95] [0.80, 0.95] [0.80, 0.95] [0.75, 0.80] [0.85, 0.90]
‘ U [0.10, 0.20] [0.00, 0.20] [0.00, 0.20] [0.10, 0.20] [0.50, 0.60]
i U [0.10, 0.20] [0.00, 0.40] [0.20, 0.40] [0.15, 0.25] [0.10, 0.15]
KE [0.00, 0.05] [0.00, 0.10] [0.00, 0.10] [0.00, 0.15] [0.00, 0.01]
K [0.85, 0.95] [0.80, 0.95] [0.80, 0.95] [0.75, 0.80] [0.70, 0.80]
ik LES [0.90, 0.95] [0.40, 0.60] [0.20, 0.40] [0.10, 0.15] [0.30, 0.40]
N [0.00, 0.05] [0.00, 0.10] [0.00, 0.10] [0.15, 0.20] [0.10, 0.30]
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Fig.2 Time variation probability of each function module
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Fig.6 Critical path that may fail during the aircraft departure procedure
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Application of improved BNT — FRAM model in aircraft departure
process safety analysis

Yuan Leping, Wu Xiaoxue

(College of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: To effectively identify and manage performance changes and propagation within the civil aviation operation system, this paper
employs the functional resonance model to analyze the task flow involved in aircraft departure procedures. Utilizing the hierarchical task
analysis method, we decompose the task flow based on the organization of the air transport system and the interactions among different
entities. A total of 20 functional modules have been identified, including cockpit preparation ( F, ), ATC clearance (F,), push back
request (F;), push back permit (F,), push back (Fs), ground traction ( Fy), startup request (F,), and startup permit ( Fy),
among others. It is important to note that this paper employs blind number theory to estimate the probability distribution of the 20
functional modules concerning changes in time and accuracy. This approach mitigates bias introduced by expert subjectivity.
Additionally, this paper abstracts the ability of each functional module to return to a normal state when it confronted with internal and/
or external perturbations into a resilience factor. This resilience factor is then used to calculate the variability of each functional module.
Finally, the functional coupling value is calculated using the risk coupling formula, enabling the quantification of upstream and
downstream functional interactions. This approach identifies key functions and paths that are susceptible to change and formulates risk
control measures for managing performance variations. The results indicate that seven functional modules-takeoff request (F,,) , receipt
of aircraft ( F|5), hand over from tower to approach control ( F,,), hand over from ramp to tower control ( F; ), takeoff (F ),
instructing aircraft to enter the runway ( F ), and takeoff permit ( F,,)-exhibit greater variability during the aircraft departure process.
Ground taxiing ( F,) — takeoff request ( F,) — takeoff permit ( F,,)— takeoff( F 4 )— airbone( F,,)— hand over from tower to approach
control ( F,, ) and other two key paths are identified. When the system encounters disturbance, these functional modules are more
likely to resonate with connected function modules, thereby highlighting potential failure nodes and critical paths within the process is
valuable for operation analysis.

Key words: safety engineering; system of systems; takeoff and departure; functional resonance analysis model; blind number theory

2513



