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ABSTRACT

An aircraft maintenance hangar is a building that stores, maintains, and inspects expensive aircraft. The frequency of fire
occurrence is low, but the resulting human and material damage can be very serious. Therefore, in this study, we conducted
a qualitative analysis of the fire safety of the currently operating fire suppression systems for aircraft maintenance hangars
using the Fault Tree method, and then performed a quantitative analysis using the failure rate data for the derived basic events
and analyzed the importance of the minimal cut sets. As a result of the qualitative analysis by the minimal cut set, it was
found that there were 14 accident paths that could be expanded to a large fire, due to the fire control failure of the aircraft
hangar fire suppression system. The quantitative analysis revealed that, the probability of the fire expanding into a large one
is 2.08 x E-05 /day. The analysis of the importance of the minimal cut set shows that four minimal cut sets, namely the fire
detector and foam head action according to the zone and blocking of the foam by the aircraft wing and the fire plume, had
the same likelihood of causing the fire to develop into a large one, viz. 24.95% each, which together forms the majority
of the likelihood. It was confirmed for the first time by fault tree method that the fire suppression system of aircraft
maintenance hangars is not suitable for fires under the aircraft wings and needs to be improved.

Keywords : Aircraft Maintenance Hangar, Fault Tree Analysis, Foam Head Fire Suppression System, Top Event,
Qualitative Analysis, Quantitatine Analysis
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Figure 1. Schematic diagram of foam head fire suppression system for aircraft maintenance hangar.
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Table 1. Process of Fault Tree Analysis(s)
System Description . Plant Layout
Step 1 . - an' ayou
Understanding of System - Drawing
Hazard Identification - Experience
Step 2 o - - A Record of Accidents
Identification of Top Event - HAZOP, FMEA
Construction of Fault Tree
Step 3
Develop Failure Logic use “and” and “or” Gates Proceed Down to Basic Event
Qualitative Analysis
Step 4 | - Minimal Cutset Analysis
- Observation of all Fault Type
Step 5 Quantitative An.alysis - . Re?iability Data
Top Event Frequency of Occurrence Analysis by Boolean Algebra - Using Computer
Calculation
Step 6 : -
- Importance, Uncertainty, Sensitivity
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Table 2. Comparison of Evaluation Criteria for Fire Resistance

Division Domestic Standard (KS F 2257) Europe Standard (Eurocode 3) Japan Standard (JIS A 1304)
Fire Resistance Rating 1, 2, 3 hour 30, 60, 90, 120 minute 1, 2, 3 hour
Average Temperature 538 C Proportional to Intensity Ratio 350 C
Limit Temperature 649 C 0.65 = 538 C 450 C
Table 3. Selected Rules of Boolean Algebra®™
Rule Mathematical Form Note
Commutative Rule A-B=B-A A+B=B+A
. A-B-C=(A-B)-C
Rul
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- : AND
Distributive Rul A-B+O=A-B+A-C +:OR gaie
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Independent Rule A-A=A A+A=A
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Figure 2. Fault tree for aircraft maintenance hangar fire suppression system.
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Table 4. Minimal Cut Set Aircraft Maintenance Hangar Fire Suppression System
Minimal Cut . Minimal Cut .
Set Number Basic Event Set Number Basic Event
K-1(Electri faillure) K-2(Diesel faill
MCS 1 I-1(Foam head operation by area) - C(Fire) MCS 8 @ectrlc pump faillure) (Diesel pump faillure)
- C(Fire)
MCS 2 1-2(Detector operation by area) - C(Fire) MCS 9 F-3(Gate valve fails to remain open) - C((Fire)
MCS 3 E-1(Foam blocking by wings) - C(Fire) MCS 10 F-2(Check valve failure to open)- C(Fire)
MCS 4 E-2(Foam blocking by fire plume)- C(Fire) MCS 11 H-1(Ratio controller fails) - C(Fire)
MCS 5 F-1(Pre-Action valve fails to open) - C(Fire) MCS 12 J-2(Solid state device fails dangerous) - C(Fire)
MCS 6 F-5(Selection valve Fails to Open) - C(Fire) MCS 13 J-1(Smoke detector device fails dangerous) - C(Fire)
MCS 7 H-2(Pressure proportioner fails) - C(Fire) MCS 14 F-4(Pipe rupture) - C(Fire)
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Table 5. Each Component Failure Rate

o) %

®)

Component Failure Rate Failure Exposure Time
Check Valve Failure to Open 1xXE-04/d
Pre-Action Valve Failure to Open 1xE-03/d
Gate Valve Failure to remain open 1xXE-04/d
Pipe < 3 Rupture 1xE-09/hr 24
Selection Valve (mov) Fails to Operate 1xXE-03/d
Electric Moters Failure to Run 1xE-05/hr 24
Solid state device Fails to Function 1XE-06/hr 24
Smoke Detector Device Fails Dangerous 1XE-06/hr 24
Pump Failure to Run 1xE-03/hr 24
Maintenance Hanger Probability of Fire 5.19xE-06/d
Table 6. Failure Probability for Each Event
Code Description Type Probability
A Spread to Large Fire AND 2.08E-05
B System Fails to Control Fire OR 4.00E+00
E Fails to Control Underwing Fire OR 4.00E+00
F System is not Charged OR 2.23E-03
D Foam System Fails to Delivery Foam OR 6.18E-04
H Foam System Fails to Deliver Correct Mixture OR 7.50E-04
I Foam insufficiency OR 2.00E+00
H Foam System Fails to Deliver Correct Mixture OR 7.50E-04
J Smoke Detector Fails Dangerous OR 2.50E-05
K Pump Failure AND 5.18E-04
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Table 7. Frequency and Importance of Minimal Cut Set

MCS Number | Frequency of Cut Set | Cut Set Importance
MCS 1 5.19xE-06/d 24.95
MCS 2 5.19xE-06/d 24.95
MCS 3 5.19xE-06/d 24.95
MCS 4 5.19xE-06/d 24.95
MCS 5 5.19xE-09/d 0.025
MCS 6 5.19xE-09/d 0.025
MCS 7 3.74xE-09/d 0.018
MCS 8 2.69xE-09/d 0.013
MCS 9 5.19xE-10/d 0.0025
MCS 10 5.19xE-10/d 0.0025
MCS 11 1.56xE-10/d 0.00075
MCS 12 1.25xE-10/d 0.0006
MCS 13 5.19xE-12/d 0.000024
MCS 14 1.25xE-13/d 0.0000006

Top Event Frequency=2.08xE-05/d
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