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The Sortie Generation Rate (SGR) is a critical performance indicator for carrier—based aircraft and is a key factor for the carrier
design process, This study aims to analyze the factors that affect SGR and establish a representative Sortie Generation Process
(SGP) along with simulation results to calculate SGR for a naval ship equipped to carry aircraft, Detailed SGR factors are
identified from the perspectives of the aircraft, aviation personnel, and aircraft carrier during the flight preparation stage, and the
SGP is established accordingly. As a representative, Korean Navy's CVX basic design is chosen for detailed analysis, The
physical dimension and spots for the deck design with time and probabilistic data of SGP are considered to develop a queueing
network model for SGR calculation, To consider the specific probabilistic features, the model was solved with discrete event
simulation tools(SimPy and AnyLogic) where the results show great agreement, Such findings on SGR factors and calculation are
expected to be incorporated in the future development of SGR calculation algorithms and also present guidelines for proper
design of aircraft carrier based on concrete operation concept,
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ng7| 7<7| pripjk=) 10|:H olg= él: oaxo DgH:H(OO)E 7|.X‘I E; A|ﬁEé!9'| gl-EH ol- 7HO| Ol On_l ZAEE LI'EH‘HE téH:kizi
st " oItk DESE AIRH, DE, wel, A, 54, 2lAs, oMis,
SIALCT.
= . 1= . oj2f ofHMIE Z|AE(Future Event List, ‘FEL’), HE[H|E|, X|od,
Eeh 2422| QIGESE Ce O [dEs Aud i Fig. 2 AR} ZHe Clokst QAS0| AlSRIRS E3)| ESIC} 0|23t
_ = oy o S S0 or
ofiMet 2ol S AS(P)of 2fsh AshEC e RHoM= & roo o1 HAAS 0|H-||EE_9_ = i M| = of
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O 70%, 207zt I8 2 =ABol 2%l Zolc o ae 2t HALIES Sof DESE =345t AlAE
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Arrival Theorem’ (Lavenberg and Reiser, 1980)z} Al (2)2 F oDl SHECh S5 TEMAR TAGI ciel molse| Al
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&(Sortie Generation Rate) ¥&kolx

Table 1 SGP data

Distribution Resource
Activity N Visit ratio Level
(Unit: minute) .
(Location)
1. Weapon load
configuration )
(Dietz and Jenkins, Uniform(30,60)
1997) A1, A2, A3
. Triangular A4: A5: A6:
2. Man aircraft (25, 30, 45) cl o 3
i C4
3. FW start process (1'|(')r|aggulgro)
4. FW taxi and hold g'aggﬂgg
5. FW launch process .
(Bingol. 2016) Uniform(2, 7) F5, F6
6. Sortie 60 Air(co)
7. FW landing Uniform(2, 3) F5, F6
8. Taxi and park (T;aggu;g;
A1, A2, A3
9. FW shut down . A A
Oro0ess Uniform (15, 20) é? ég ég
10. Refuel (zg'aggu'%) C4
11. Weapon unloading| Uniform(30, 60)
12. A/C lift down to Triangular DI D2
hangar (25, 30, 50) ’
13. Scheduled 120
maintenance H
- langar
14. Preflight AR ular(50, 60 (Capacity:10)
inspection 70 C
(Bingol, 2016)
15. A/C lft up to FD (Zglaggulzro) DI, D2
16. 1 240 0.7
Unscheduled 480 0.2
maintenance 720 0.08 Hangar
(Lockheed (Capacity:10)
Martin,
2023) 4 1440 0.02
FHE2ISIT BAMSIQICE & HMEE PythonZ|Hle] QEAA Al
1 25901 SimPy 2jo|=B2|E 225t Zo|1, F Haf2

A2 Aol SWel Anylogics

gzaael SGRE AlE
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e
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0%t

r
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4.1 SimPy &8 34

2oldE 0lEsl

st 740

=0 L A

=

LUESP| leiM=

olx| ZIztS x| 2 HSso} siC) 2 9470)A
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22 17 YEot s 2%, & THE

, 7{%{o} SH= SGPeF Z+2 7|eist M

lof olg, ZRo}

HIgH A7

g oo 91:+ 1% HEE ATl Algeolde DS
ool SGP BE, ‘TEAA MY 5 So| AEE v=soz

Ak ik 7F“ YHE HHo|Este WAz FHEE 7
SGPe| Zt 2iHof| siiEek= F2F A, saed BS, Xl Als
Eo| IHES SimPy2l process 7|52 08510 Fsi5I%Ct

Z+24o| Process A= Tis &, HI7ts 9| AelE g5
o] MH|A AIZIZEES| AlZte| SES TIEA| ol 55§
TIA#SH= Sololl= fighter Zx[e] Ale
Elchol& oAk eRi7(2] SGP MEE &klslod CFS process
A 2 fighter 24X E MEBHZECE Ol 2 process ZHHIE 12
SE7| flall SimPy2| resource & store 7152 ARESIICE DX
aloz & AZ201M9| resource YEke Sh= IRl A ESH
SimPy2| store 7SS 0183104 T&ISIICE Ol= &7 |7t Cks
process2 EHO717| Mof| 21X|E F7H0k &X| 2felst F, F7{ot
SIci SliEshE SIXIE storeollM TALID, 22 IXIE Hishs
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Fighter Z4H|E HEHZECE

2 AlZ20|MollM= ZtZte| AlZF2 Afdo| SRSt miojct ¢
o2 YMsiien, ol s pythonollA< numpy 2lo|=2{z|
£ E&3I9ct w2t Eoll s Z HI0[EE2 numpy 2|2
2i2lof] =1 = BxelH o Z0|E thAl|sto] ARS JtSaict
ISk &2 odFollM MRS AlE2olM AlZF2 100,0008 7150]
o, Ol= SGRe| &&¢t *%A*Ol Bolzl= AlZtez Mg
AlgefolMe] 27| =HeEE 27 = AetollM St
£ Zoz 3|9

[e]]

2 O Mo

4.2 Anylogic & M
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Fig. 4 Sortie DES framework
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ManAircraft FW_Start_Process
1 0

1632

Source_Hanger

Pre_Flight_AElInspection
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2
\| \|
1,638, @ 1,637 1,637, @ e )

AC_Lift_Up_to_Fp

3,275
Weapon_Load_Configuration

selectOutputOut

FW_Taxi_and_Hold

FW_Launch
0

Taxi_and_Park

FW_Landing FW_Shutdown_Process
2 N 2 N 1 N
pe 2l e 3273‘273 3273272

Post_flight_Inspection_Refuel
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selectOutputin

3
selectOutputt
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Fig. 5 QNM with AnyLogic
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selectOutput

selectOutputin1
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24h

ZZto| L7 |J~-2 Table 22t 20| service time(AH|AE &F
£ AlZloll CHEH X222 "), repair probability(2| &),
resource level(Zt CH7 |[SZol|lM 2| Mu|A Jts ARle| &) 52|
#=5 J71X|0q, ol2{gt ¥i=E0| 212t CI2 7 |AlZke Uo7 |7
Elct ZizZio| 7 [WHES CI2 7 [dE= 2Ist uff Al
(3)2] =& & Poll webM oISsH =0, P& th71dE i
oflAf CH7 & ;2 Mol

8

[S =]

st 5
M= or 2

e 2tsolct

Table 2 SGP Model Parameter (Dietz and Jenkins, 1997)

) 3 _ o Activit Mean service|  Repair Resource
2 HoflM= oA diHol Folo|gks MAlsE| flsh Dietz and ctvity time (hr) | probability level
Jenkins (1997)2| Zxle} A|galo[Me| ZItE H|Wsh ZIE K| Taxi 0.25 0o
Al Dietz and Jenkins (1997)2 SGPE Fig. 72F 20| & Sortie 200 -
7| AEIMA FXEE sTllel ti chy & 1712] fork-Join CH — 0'50
(0]
7|%E2 SHYSIQICE Fig. 7oAl 20| 1. Taxi(parking B roubieshoo :
oM gZx2Ix|e| 0[F), 2. Sortie(Z2), 3. Troubleshoot( A+ (Zier‘f’raa';n;) 2.20 0.17 1
ZlEh, 4. Repair(H[AIZ HH|), 5. Tun-AoundX25 & AE :
» - e , Repair 2 2.27 0.39 3
&), 6. Munitions Upload(RZ 2™)2| ®=ME 7HXI0, repair (electrical/hycraulic) : :
CHl= 57He] Bi7 @™ (sub queueing node)2 2H= fork—join Repair 3
Cj7 (2622011, Loix| TS S el i [#=olct. Table 20iA] (engine) 231 021 2
=0| repair TS| 207 |2 282t 7|X|(airframe), ™71/ Repair 4 1 50 0.27 1
o AIE, oI, SHEMA} S (avionics) ¥ a0ICH PR HMof H (avionics) ' '
=of cfst B|HE Mu| 2 FESo|ct, Repair 5 1.19 0.46 2
(radar/weapon control) | :
Turn—Around 0.75 6
v = — Munitions upload 0.50 4
0:0-0+0+0:0, W
0-0:00-0.0.. 0 0.950.050 0 0
L e 0 0 0.3000.70 0
= 10 0 0O 1 0 0
: =100 00 1 0 ©
0 0 0O 0 0 1
1 0 0 0 0 0

Fig. 6 Graph modelling by AnylLogic
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qs =
ooo |_|X|“ =

A 9 ME AT

Naircrafts

P13- mission abort

Pz land with
malfunction

2. Sortie

3. Troubleshoot

4. Repair

HE@

| 5. Turn-Around

}

| 6. Munitions Upload |

L
Fig. 7 SGP model (Dietz and Jenkins, 1997)

Table 31} Fig. 82 2} sl giHs o| &5t AutE '—PEF-HEP
AlEeo[Mn} SiAX HHHOI Dietz and Jenkins (1997) 2=} 74
2= 5.4% OILHE, A0l Znfet siAMa] dhi 7t OIPF
ook &g Eole 4= ot ol2{st Zuk= AlEeEoldE

Soll SGPE MAsH ZHZM D ekt SCR 2o &5
=2 2oiFECch
Table 3 SGR result(validation model)
Number of Aircrafts
Simulation Tool
10 30 50 70
SimPy
52.80 132.24 158.64 164.88
[EA/day]
AnyLogic
53.23 135.56 166.23 166.96
[EA/day]
Dietz &
Jenkins(1997) 52.46 139.10 166.82 173.78
[EA/day]
200
180 p\ °
160 LS e
140 Y ot
120 S
§ 100 J‘/
80 5
60 O,/
40 P
20
0
0 10 20 30 40 50 60 70 80
Number of aircrafts
@ DES Anylogic @~ Dietz

Fig. 8 SGR result(validation model)

4.4 oM Zzt

&2 HolME SimPyet AnylLogicRE (&S SGRE H|wskn
ool tieh 24l FlSich & JHX| aljA] Biote 2 Table 4, 5,
6, 7o} 20| Z+ TYER 2t FEloIXt At g2 MEE 5= Qo
olmf MEZHTH), SEAIZHRT), WiP= 282+ 4] (4), (5), (6)t
Zo| AHlpket 4= lck

N;
TH= g TIME @
Z Sz]
RT= ]7]\1/’ (5)
N,
_ J=
wir= SIMTIME ©

Table 4 Results of N=10

SimPy AnylLogic

Activity TH | RT |WP | TH | RT | WP

(EA/day) (min) | (EA) |(EA/dRy)| (min) | (EA)

1. Weapon load | 3 g | 45 19| 1.35 | 42.29 | 44.36| 1.30
configuration

2. Man aircraft | 43.23 | 33.26| 1.00 |42.29|32.54| 0.96

3 FWstat s 00 | 19.84] 0.18 |42.28| 19.42| 0.57
process

4 FWtaxand | s o0l 600 | 0.18 |42.25] 5.87 | 0.17

hold

5 FWlauneh 13 56 | 2.00 | 0.06 |42.25| 2.00 | 0.06
process

6. Soie | 43.20 |61.04| 1.83 |42.22|59.66| 1.75

7. FW landing | 4320 | 0.75 | 0.02 | 42.22] 0.73 | 0.02

8. Taxi and park | 43.20 | 7.66 | 0.23 | 42.22| 7.49 | 0.22

9. FWsnut down 4 o | 17.46| 0.52 | 42.22 | 17.06| 0.50
process

10. Refuel | 4319 |30.06| 0.90 |42.21|29.38| 0.86

1. Weapon | o 4o | 500 | 0.07 | 19.38| 5.00 | 0.07
unloading

12. AIClift down| 19 13 1 1 00 | 0.01 | 19.38| 1.00 | 0.01
to hangar

13. Scheduled | o o4 1150 00| 1.29 | 15.06|120.00| 1.26
maintenance

14. Pre=flight A8 | g 25 1 60.07 | 0.81 | 19.48 | 60.39| 0.82
inspection

15. A/CF'D'ﬂ W1l 1938 | 1.00 | 0.01 [19.48] 1.01 | 0.01

16 | Total | 3.90 [329.45] 0.89 | 4.28 |361.28] 1.07

Un | 120min | 5.49 [240.00[ 0.91 | 2.88 |240.00| 0.48

scheduled 480min | 1.66 |480.00] 0.55 | 0.92 |480.00| 0.31

main- | 720min | 0.66 [720.00 0.33 | 0.37 |720.00| 0.19

tenence [1440min| 0.17 |1440.0{ 0.17 | 0.10 |1440.0 0.10
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o} 8518 2281 SEE- AT 21=7|-0|SY - OlAfE- oS- M E
07|M N£ i TS x|zt 7 |Se| 2AI2 2jafst,  Table 6 Results of N=70
s, i M 2ol jem X7 (7t o e niE S X2lshe o Z SimPy AnyLogic
2l AIZkS ojn|sict Activity TH RT | WP | TH | RT | WP
ol B0l 6. Sortie(2T)ol sk “AERHTH O] Bl B (ENdey) (oin) | () BNy (min) | (EA9
9| Azt AE| 49l SGRO| EIck sk Zizto| A} Zise 1'cx\::;zf;‘tifsd 88.52 | 45.14| 2.77 | 88.92 | 45.34| 2.80
Little2| #=lof| 25l &1 (7)S THESH| EICk, :
2. Man aircraft | 89.52 | 33.28| 2.07 | 88.88]33.04] 2.04
WIP= THx RT (7) 3. FWstart 1 a0 5 1 00.03| 1.24 | 88.88| 19.89| 1.23
process
O|MEH MAME(FIFO: First-In-First-Out) Z=Z1ol|lA{ sliiAl= &t 4. FW taxi and 89.48 | 6.00 | 0.57 |sa.68| 5.06 | 0.37
ZIp= ST ZAE (s B SR)olAe] FlAle] =S JM hold ' ’ ’ ’ ' '
5P| W20l "E[Cf SCRE YAZ = QUCt oS S01, Cxel £ 5'F>N'a“”Ch 89.48 | 2.00 | 0.12 |88.88| 2.00 | 0.12
BH7| £+ 200H o, BHHZ|E S1R0l 2F 4.1(SimPy: 81.9/20, Process
7. FW landing | 89.01 |548.95 33.93 | 88.80 |547.68| 33.78
Table 5 Results of N=30 8. Taxi and park 88.99 | 7.66 | 0.47 [88.75| 7.64 | 0.47
SimPy AnyLogic 9. FWshut down| g0 o | 1750 | 1.08 [88.73| 17.48| 1.08
Activity TH | RT |[WP | TH | RT | WP process
eyl (min) | ©A) e i | EA) 10. Refuel | 88.91 |29.91] 1.85 |83.69]29.84] 1.84
11. Weapon
1. Weapon l0ad | oo o | e 0ol 57 | a8.92 | 45.00| 278 oadng | 3927 | 5.00 | 0.14 |40.02| 5.00 | 0.14
configuration :
2. Man aircraft | 89.19 | 33.27| 2.06 | 88.88 | 33.15| 2.05 12. Q/Ch;'rf;a‘:om 3927 | 1.00 | 0.03 [40.02| 1.00 | 0.03
3. FW start
89.15 [19.95| 1.24 | 88.88|19.89| 1.23
process ' i ' el 13. Scheduled | ) oo 1120.00| 2.5 | 32.31|120.00] 2.69
P B o maintenance
. axli an -
hold 89.151 596 | 0.3 88.88) 5.94 | 0.37 14. Pre=fliont AR | o9 17 1 60.15| 1.64 | 40.31 | 61.89| 1.73
= AW oorch inspection
. Ul
89.15 | 2.00 | 0.12 |88.88| 2.00 | 0.12 i
Orocess 15. A/Cth U 101 29 76 [534.36] 14.75 | 40.31 |541.69] 15.16
6. Sortie 89.06 | 63.36 | 3.92 | 88.8063.18] 3.90
: Total | 8.52 |349.86 2.07 | 7.59 [311.62] 1.64
7. FW landing | 88.96 [103.36| 6.39 | 88.80103.18| 6.36 16. :
: Un | 120min | 6.05 [240.00] 1.01 | 5.53 [240.00[ 0.92
8. Taxi and park | 88.96 | 7.67 | 0.47 | 88.75| 7.65 | 0.47 :
S P et g scheduled 480min | 1.58 [480.00] 0.53 | 1.34 [480.00] 0.45
. sSnut aown :
rocess 88.95 [17.53| 1.08 |88.73|17.49| 1.08 main= | 720min | 0.73 [720.00] 0.37 | 0.62 |720.00] 0.31
tenence .
10. Refuel | 88.93 | 29.98| 1.85 | 83.69]29.90| 1.4 1440min| 0.03 [1440.0) 0.03 | 0.10 |1440.0) 0.10
11. Weapon
oadng | 3992 | 500 | 0.14 | 40.02| 5.00 | 0.14 Table 7 SGR resul
i i i Number of aircrafts
12. AIC lift down| a9 95 | 1.00 | 0.03 | 40.02| 1.00 | 0.03 Simulation
to hangar tool 5 10 15 20 30 50 70
13. Scheduled SimPy
mainterance | o194 (120.00) 2.66 | 32.31120.00] 2.69 [EA/day] 21.60 | 42.54 | 63.36 | 81.9 |88.98 | 89.31 | 89.42
14. Pre—flight AE AnyLogic
nspection | 2286 |60.05) 1.66 | 40.3160.72| 1.70 (EAvcy]| 2172 | 4245 | 63.75 | 81.25 | 83.98 | 89.11 | 89.24
5. A/CF'[')ft Wl 01 [9552| 2.66 |40.31|96.01| 2.60
O=Z oz £ 7| ol w2 SGR 2 X7 = SGR Z2TE
6. Totall 7.96 [355.88 1.97 | 7.59 (339.28 1.79 22} Fig. 92t Fig. 1001 HERARICE T 27| 7t &HH2
U 120mfr1 5.49 [240.00| 0.91 | 553 [240.00] 0.92 = S = Solzio| ma} SGRO| BlRfsIA S lsixial M
sc:z?ied 480mfn 1.66 |480.00 0.55 | 1.34 [480.00] 0.45 =1 resouce level(= o170l Z7hol o} elAEo] EXfal
o 720m|h 0.66 [720.00] 0.33 | 0.62 |720.00] 0.31 A Sich e oln Sojzkot 25tl) ofAF S0l Al SGRE 3|
1440min| 0.17 [1440.0| 0.17 | 0.10 [1440.0| 0.10 o SIS Sme] 2zl S2iaP S0l o ofA Eols
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