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A Study on the Optimal Number of Air Tanker for Patrol Operations

Sehoon Park' - Ui-Chang Chung * Je-Hoon Chung

Air refueling is expected to increase the efficiency of the air force operations. This follows from the
introduction of air refueling aircraft, which should to increase operational time by increasing the range and
duration of fighter jets. Despite the effectiveness of the air refueling air crafts, the astronomical costs of adapting
the air tankers call for careful discussions on whether to acquire any air craft and if so, how many. However
there is no academic study on the subject to our knowledge. Thus, we use the ABM(Agent Based Modeling)
technique to calculate the optimal number of air tankers during patrol operation. We have enhanced the reliability
of the simulation by entering the specifications of the current aircraft operated by the Korean Air Force. As an
optimization tool for determining the optimal number of counts, we use OptQuest built into the simulation tools
and show that the optimal number of air tanker is 4.
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2.1 ABM(Agent Based Modeling)
ABMolgk AMGAR7L 2}7+9] 391 Kagent) ol 54, 3
T 595 Hogla o] HA|So] EAATF olgfof A A

2 FAolA sh= Algeold 7ol gjAlet ®do
A GRS v = Qe BE 9AE 9u|dtck(Bonabeau,
2002). ABM> g ixke}t P oirpr|e] Ei= dY9|Atet o
74 Aolo] AoAlgo] vhao] e @S #AE &
olom, o]2 3 E4 Al3| dAto] HHSH Ao} 144
2 ®% oJ3fgr 4= 9JtiMacal and North, 2005). T3t
ABM 7|WH& 42814 7]dto|u} WAl 7]dE md Zho) vt
HEA dA/do] 8tk WA o]7] wizol Abejatet &
T 7% F83] v=Esta tiKim, 2015).

ABM 7|9& 283t AL 2ok L2 = Ilanchinski
(2004)0] 7HFAAY W AT} ¢d+tol ABM 7|WH& A
83519931, Cioppa et al.(2004) ABM 7| 9] FA} Hof
2§ o] tisto] A+ttt Lee and Hong(2007)=
A9 A 2okl thet ABM 7]%e] 2-gHietks A+tst
&t} Shin et al.(2012)2 Y EQ T FAH A A=
AR7] Hojaat £45 9lste] ABM 719 ARESH3l
T, Ham et al.(2012)2 24 27|37 A mol2 ola}
o] ABM 7|HH& ARE-513th Lee et al.(2015)2 —E,l?_l;(]
A 8 e AR avke] BedS Asiele
22 9 e gEd 22 Maes A=t *l?—ﬂﬂo]
A AR 85I} Onggo and Karatas(2016)= ABM
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71 283t sl HA AlgdoldE el I
AAS) &9 9 HAE ool uet daE Blshe o
= 31T} Park et al.(2018)> ABM 7]H-& o]g3}o]
3 B 760 A3 HRE Aste] A3 74|
2ol o] 8313, Lee et al.(2018)2 A& w3t &
AAAS] gaat FAE ffate] ABMS AMg-aHolTh
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HlAL Hoo] ATEE Kim(2010)0] & HAAS

7471 9 B2 A AES ABM7|HE o]83}e] Ko} o
&S SR o F Bl B AlLE S 9
°}519Ik. Ha et al.(2014) SpEE ARS 71g5}o]
017} ofo] M EQ} A|AH] 7ke] AbE2RR S o LEe] KT}
A4 AlEE o] THEQIT Kim et al.(2011)2 =
U 23 13 583 AlE A4 AR AEZE0] S
d&g 93t IAXAS =37 YI U B4
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gt BA 7)ol o] &EQlch Lim(2009)S t73dH S
|8ste] Folg7] w2 S5 -8t thsto] A
shlem, Son(2012)2 npELL ARl o]-8-sto]
719 A4 ti=E Attt Park(1996)2 A% A 12 H
= olgsto] FiA Y= 9% Fe71e] 285 AL
SF3lom, Song(2004)& FRALHE o]-gste] LT
AL Sl HHTF myS AASkGTE Kim and
Choi(2000)%= K-1 A2} 48R3 jst 204 1w
98 AAEFAL, Kim and Lee(2014)= A4 tholu]
oA AlEHlA 7S A83 I8 F7] 48 A
BHS A Lskgl om, Jeon et al.(2017) oA A&
glold 71 o838t a7l S et 24 4
Hdld 9 wE 295 ARt
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croltfe s AlEHolA 7Y 5 TRt 7IHES 089
o, 53] =9 9 fA[Eaof gk Hl-go] Sof7}
L A st 48 A A7) wetkth 7z 7 HELS
B Aol 7l whizell FIAIAIS] A wigs AP
of 231 2k E=gg A, 2T 501 S8k e
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5.2.1 937 A4
3 ool melol) AgaRE FEFAVIE A 37
%9l 7|20l AirbusAte] A330-MRTTZ AA310.0
AE7)= = FollA @A o8 8at= H=e
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Lockheed MartinA}e] F-16-2 A4 315 E} Table 12 &=
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3.2.2 SFC(Specific Fuel Consumption)
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Table 1. Fact Sheet of A330-MRTT and F-16

Manufacturer Airbus
Weight 125,000kg
A330 | SFC 0.451b/1b,hr
-MRTT* | Fuyel Capacity 111,000kg
Engine Rolls-Royce Trent 772B

Fuel Flow Rate | Max. 1,200 Gallon/min

Manufacturer Lockheed Martin

Weight 8,936kg

SFC 0.7351b/1bf,hr
F-16%* 5,443kg

Fuel Capacity (with two external tanks)

Pratt and Whitney
F100-PW-200

* Airbus https://www.airbus.com/defence/a330mrtt.html
** USAF https://www.af.mil/About-Us/Fact-Sheets/
Display/Article/104505/f-16-fighting-falcon/

Engine

Table 2. Engine of A330-MRTT and F-16

Manufacturer | Rolls-Royce
A330 | Model No Trent 772B
-MRTT* | SFC 0.451b/Ibfhr
Thrust 72,0001b
Manufacturer | Pratt and Whitney
Model No F100-PW-200
F-16** SFC 0.7351b/1bf,hr(dry)
2.1001b/1bf,hr(wet)
Thrust 14,6701b(dry)/23,8301b(wet)

* http://www jet-engine.net/civtfspec.html
** hittp://www.jet-engine.net/miltfspec.html

= Aol 2 Fa7le A 29 70%ukETE A
71stglom, olo] w2t A330-MRTT F-16
o] 88 7z} oF 50,4001b, oF 10,2691b0.2 A5}
th. AR719 - olF Al § 2 FEo] L3, o %
A| After BurnerS AR i 3291 23,8301b2] 70%
S ApgEITha 7pgstel, oF 16,6811bo.2 7Pslch
ofuff z} gH5719] SFC TH$1E IboflA] kg o2 BHK1Ib =
0.4535kg) 3t 7He TS Table 33} Z-om, ztzko] SFCS}
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Table 3. SFC(Specific Fuel Consumption)
Aircraft SFC(Specific Fuel Consumption)
A330-MRTT | 0.2045kg/Ibf.hr
F-16 0.333kg/Ibf,hr(dry)/0.9523kg/1bf,hr(wet)
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Table 4. Fuel Consume per Hour(Weight)

Aircraft Fuel Consume per Hour
A330-MRTT 0.2045*50,400=10,306kg/1bf,hr
F-16 0.333*10,269=3,419kg/Ibf,hr(dry)

0.9523*16,681=15,885kg/Ibf,hr(wet)
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Fig. 1. Tanker Route
(International Virtual Aviation Organization Data)
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Fig. 2. Coordinates of Base & Operation Positions

Table 5. Coordinate of Base & Operation Route

Node Coordinates s Coordinates
Lat. Lon. Lat. Lon.
G;“i’:e 3523 | 128.89 Eﬁ?g 3795 | 128.33
S| 3678 | 12649 | LS| 3845 | 12869
e | 370 | 12507 | (T | 3692 | 12621
Eﬁgg 3741 | 126.58 Lin(fzr 37.07 | 12337
f\}igt:; 3761 | 127.18 ;aorie; 37.95 | 12899
f\;ﬁ?j 3805 | 127.58 ;ﬂj 3820 | 129.05
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3.3.1 FFFG7] oo]HE(Tanker Agent)

Somt/| AolHEE AAe A =S s
A=} At AE7|of| g5 ALk, state chart=
Fig. 33} Zt} oo]HELE Y29 AHe state chart
QtollAl HEEA] SlLte] AEf(state)7t EH, Aw 4 =
< SA9TE Al T oHETL WSt A 7E Aol
(transition) ET}. OfO]HEE 7] Ao FF-5 Wil tf7]
£ 3lthrKreadyToTakeoff) TAEH] H|g] X|A|S o
W A 22 ZdsitiMoveToTankerRoute). 0] 7
2 A9] nodel¥} node2E A3|sltirl A87F HE34H
(fuelExhaust) 7]*|2 &0}t (returnToBase). o]uj AH]
(maintenance) AFEfol|A] 20%2] SHER 114 o] wAElH
(failureState) TAAH] o]Fo] -(fueling) AE|Z A
olx]a1, o] HMASHA] kS H(notFailureState) H|3Y

E2 moveToBase

fuelExhaust
moveToTanker B3 Zr

node1To2
=2
<)
node2To1

Fig. 3. State Chart of Fighter Agent
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3.3.2 ZE7] ojo]ZE(Fighter Agent)
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(fuelExhaust3, fuelExhaustd) 3547 A2 2 o535}
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£ gusie FEE871% FuRslel 35F4E e
CHairRefueling). 45 W $oll= tA] AFE7] 2
AARE Solrb thA AE7} A% EH(fuelExhaust,
fuelExhaust?) ZEALR] 92 =5 1Hslo] HAE7] 7]X]
& EFjgtt(returnToBase). 12{u oluf $55-77] 7
2o Adskitiete F97]e] ARt RA BahAL
w7t E7FsE A 55 a0 WA £ dARlE
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Fig. 4. State Chart of Fighter Agent

3.3.3 TAE of|o]HE(Tower Agent)
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Fig. 5. State Chart of Tower Agent

3.3.4 7|A] oo]HAE(Base Agent)
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TA G oolHERRE &4 438 WoH S T

= wdsto] 7] olEs Zlggsith

Tstatechart

Fig. 6. State Chart of Base Agent

4, AEF o)A 7|9 A dig A

41 ZX4

& ATl F5uR719 A% s sk ffgt
A REA AR7] Arsne] 225ks dAsigich
HAE7] o] - 27 Aol B2 dR7F anEn) weby
St HE7)9] ARV} of ARET T T2 HET|7} ohA|
S48= A Hrhe= shue] ARV 3% wfrs B
RS A&dl= o] i ARE Fol=d| AntHoltt
whepA] B= 2Pl Abo] ehds] E Al Qe
o 2 F9 ARVIEY di ange Hadlshe 3

ol

t=AIZ20188tE| ==X

r

F6719) th47t 45 BEFR71) Spolek. olnf 2
L7k 301l o5 A SIat Balale
cheat 2.

30

Minimize Z= Y, F, (1)
d=1

Fy = A7 3534719 99 4R 403

4.2 AZglo|M 7|gte| (xS}t Zot

2] B4 olgsiol 44 teg Agsl] S}
o, FFu719 deE 1dEE 10741 H3iAA
iterationS 103 AIA|8}93 1L, iterationtd W2 LA
W52 replicationg 10034 AAJ5TE AlEd|o] A
19 5 $5FH7VE AF10] TEREE AUk
ok Fig. 73} 2tk TRelA] BEEa7Ieh AR
AmeFo] FAEIL ok

~
2 rlo o o

£ & o

—_
B
i)
b

Fig. 7. Simulation Scene Screenshot
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Fig. 8. Daily Fuel Consumption Trends of Fighters
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Fig. 9. Optimization Process of OptQuest Screenshot

Current Best
Iterations completed 10 7
Replications: 100 100
Objective: ||, 69,148,361.81 |68,550,775.05
Parameters Copy best
numOfTankers 9 5

Fig. 10. Result of Optimization Screenshot
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