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An aircraft carrier is a warship with a flight deck and hangar that enables at—sea STOVL operations under strict space and
resource constraints, making operational efficiency a critical design factor. This study develops a discrete event simulation (DES)
framework to evaluate space utilization in both the flight deck and hangar. The framework models STOVL aircraft launch and
recovery cycles, resource allocation (tractors, refueling, and rearming), and collision avoidance paths using the No—Fit Polygon
(NFP) algorithm, Simulation results highlight two major findings, First, on the flight deck, Gantt chart analysis revealed that initial
spotting and respotting strategies strongly influence sortie throughput, as bottlenecks from tractor queues and turnaround tasks
directly delayed subsequent launches, Second, in the hangar, aircraft orientation and width significantly affected average
handling time (AHT) and deployable capacity. A 26m width with 900 orientation minimized towing interference and reduced
movement time, while a wider 33m layout allowed greater capacity but did not guarantee shorter handling times, These findings
underscore the need for co—optimization of flight deck scheduling and hangar layout at the early design stage, The proposed
DES—based method quantitatively supports such trade—offs and provides a foundation for future studies on unmanned aircraft
ntegration and Al—driven operational planning,

Keywords : Aircraft carrier operations(Sf228f 28), Space utilization simulation(Z27F &2 A|Z3|0]M), Discrete event
simulation(DES, O|AF AR AIZ2|0|4M), Average handling time(AHT, X2 |A1Z), Gantt chart analysis(ZIE XtE £
A No—Fit Polygon algorithm(NFP Z112|5)
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Fig. 1 Aircraft deck movement simulation process(Yoo et al., 2024)
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Fig. 2 Flight deck area operational resources

El MM i AR SA| 28, 2 6XME 2&(rall, pitch,
heave %)_q| odékoi _?_9._ Exl-:7|. L_.:E|.

2 dA7e, 7|Ee 2ts &8st 7| 28 AlZolM Y
HHlee and Ruy, 2024)2| &ah od71o|of, S¢IA0l Hoks X2t
Moz CfRJ| 2l oldt A4 AlZ2l|olM(Discrete  Event
Simulation, DES)Z} &5t 7|8k =2| 22(Yoo et al., 2024,
Fig. 3)2 No-Fit Polygon(NFP) & A&2 S5t 37+ €8
AIEEHOWQ Mokt MA B(AE =, 27| HH7'E|7—|‘)

28 AlLi2|2(0l7, 2, dd|, ol&)ol| we
Ql=(Lee et al.
a5 7 ZE 7 %

sk
=
45l o
SS

-

Fig. 3 Schematic of the coordinate systems and directional
vector(Yoo et al., 2024)
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Table 1 Comparison of this study with the state of the art

Previous studies Scheduling Space restriction Hangar Resource | Collision Dynamic | Visualization
Cui et al. (2022) X 0 0 X 0 X
Su et al. (2018) 0 X X X X X X
Yang et al. (2021) 0 0 X X X X X
Oh and Woo (2024) 0 X X X X X 0
This study 0 0 0 0 0 o) 0
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Fig. 4 Example of fixed—wing naval aircraft arrangement
and securing a movement path for a target aircraft
on a confined hangar deck(Johnston, 2009)
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Fig. 5 Aircraft movement from flight deck to hangar via

D2 elevator

Fig. 6 Aircraft movement from hangar to flight deck via
D1 elevator
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Fig. 7 Discrete event simulation process for space utilization simulation using SimPy
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Fig. 8 Process in all areas of the aircraft carrier
Table 2 Operational resources and associated missions for space utilization simulation
Operational resources Mission
Blue group Personnel required to move a fixed—wing naval aircraft
Red group Number of teams required to arm fixed—wing naval aircraft before take—off
Brown group Number of teams required for final inspection of a fixed—wing naval aircraft before take—off
Green group Number of teams required to inspect a fixed—wing naval aircraft after landing
Purple group Number of teams required to refuel a fixed—wing naval aircraft after landing
Take—off spot Take—off coordinates for a fixed—wing naval aircraft
Landing spot Landing coordinates for a fixed—wing naval aircraft
Towbar tractor Tractor used to move fixed-wing naval aircraft with a towbar
Towbar-less tractor Tractor used to move fixed—wing naval aircraft without a towbar
D1 Elevator: Moves a fixed—wing naval aircraft from hangar to flight deck
Elevator . . . . .
D2 Elevator: Moves a fixed—wing naval aircraft from flight deck to hangar
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3 Time/Weather/Sea Conditions Setting

> Air wake setting

# Flight deck layout scenario setting

3 Control information setting

# STOVL coordinate/speed/attitude setting

3 Simulation start, stop instruction

> STOVL takeoff position movement instruction
# STOVL takeoff instruction

3 STOVL landing instruction

» Deployment of operational resources

# Perform operational resource missions

> Send coordinates and angles of operational resources
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> Run simulation start, stop, and end

7 Send settings of flight deck deployment scenario

7 Send real-time coordinates and angles of STOVL

> Move to takeoff position of STOVL

# Takeoff of STOVL
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P Coordinates and angles of operational resources
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P Performing mission of STOVL
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Fig. 13 Integrated simulator linkage using DIS standard communication(Lee et al.,
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Table 4 Task performance times from DES trials

Flight deck
Task
A area B area
Weapon loading 2.9065 2 6545
(Red group)
Pre—take—off
inspection 1,974s 2,112s
(Brown group)
Post landing
inspection 1,010s 1,019s
(Green group)
Refueling 1,775s 1,775s
(Purple group)
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o

120

4 Flight deck DES task durations shown as a Gantt chart — fourth round of five

Table 5 Times to take—off position from flight deck

stations
Take—off of | A area — Take-off | B area — Take-off
STOVL spot of A area spot of A area
No.1 21.2s 105.5s
No.2 28.2s 112.0s
No.3 32.4s 130.4s
No.4 41.8s 144.9s
Total time 123.6s 492.7s

Table 6 Post-landing taxi times to flight deck stations

Landing of Landing spot — | Landing spot — B
STOVL A area area
No.1 32.7s 123.3s
No.2 29.4s 137.3s
No.3 46.5s 149.2s
No.4 35.5s 165.5s
Total time 144 1s 575.3s
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Fig. 15 Hangar layout(26.4m): moving aircraft No. 6 (with 45° orientation) to the flight deck

Fig. 16 Hangar layout(33.5m): moving aircraft No. 6(with 30° orientation) to the flight deck
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Fig.17 Hangar deck simulation for fixed—wing naval aircraft relocation using NFP collision detection

Table 7 Hangar movement time of STOVL No.6 at 45°
Orientation(Hangar width: 26.4m)

Table 9 Hangar movement time of STOVL No. 6 at 30°
Orientation(Hangar width: 33.5m)

Moving STOVL Angle Hangar — Flight deck
No.22 79s
No.21 257s
No.20 30° 331s
No.19 399s
No.18 452s
No. 6 519s
Total time 2,037s

Moving STOVL Angle Hangar — Flight deck
No.12 69s
No.11 360s
No.10 323s
No. 9 45° 205s
No. 8 516s
No. 7 244s
No. 6 510s
Total time 2,227s

Table 8 Hangar movement time of STOVL No. 6 at 90°
Orientation(Hangar width: 26.4m)

Table 10 Deployable number of fixed—wing naval aircraft
by hangar width and STOVL angle

Moving STOVL Angle Hangar — Flight deck

No.12 224s

No.11 . 275s

No.10 %0 352s

No. 8 426s

No. 6 524s

Total time 1,801s
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Table 11 Sensitivity of key indicators to changes in STOVL
parking angle (26.4m width case)

_ |Number of| | Number of o i length
Parking| aircraft ) avoidance path| .

. moving . increase

angle moving . recalculations
time rate (%)

ahead (avg./case)
30° 6 2,120s 6 +26.03
45° 6 2,227s 6 +25.03
90° 4 1,801s 4 +11.19

Table 12 Sensitivity of key indicators to changes in hangar
deck width (fixed at 45° angle)

Number of Number of
Hangar STOVL Tot.al avoidance path P?th length
deck movin moving recalculations increase
width 9 time rate (%)
ahead (avg./case)
26.4m 6 2,227s 6 +25.03
33.5m 6 2,394s 5 +28.09
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