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All helicopters, such as Army Apache attack helicopters
and Navy anti-submarine helicopters, are limited in
flight duration due to fuel consumption. In order to
solve this problem, it is necessary to determine in
advance the combat radius and combat time that can
be performed according to the amount of fuel,
mounting equipment, the type of armament installed,
and the amount of installation according to the
operation type and reflect it in the operation plan. In
this paper, we present a development methodology for
the Mission Calculator Tool that can predict the combat
radius, combat time, and operation maintenance cost
for Apache helicopters in advance by applying the Goal
Seek function of Microsoft Excel and the Monte Carlo
simulation model technique.

Goal Seek of Excel(AA S HZ}),

Monte Carlo Simulation(=H|7[2 2 A|E2{0|A),
Mission Calculator Tool(2F A4 =),

Combat Radius(2F21 BtZ),

Combat Time(& Z|<& A|ZH),

O&M Cost(22 || H|Z)

ISSN: 2635-4926
'.) Check for updates

https://doi.org/10.31818/JKNST.2025.3.8.1.43

Monte Carlo Simulation

HS 4R35t 2748l 7|
H =2 1O L_-— O 1=
ission Calculator Tool
S HFEH 2 o 1

= O H-di=
Otz V| & e =

=
Study on Attack Helicopter Mission Calculator Tool
Development Methodology by Monte Carlo Simulation:
Focusing on Apache Helicopters

1 =1V
gy, A

'RAUOI2QLIHA SEE/EU 271t SIS It StAL IHY

S cRRIAS SYT4
B CERIAS D4

Nohseong Park"", Hyungkwon Kim?2, Junwon Lee*

'Director, Division of MRO Defence Inc./Ph.D. candidate, Dept. of National
Security Convergence, Jungwon University

2Special appointed professor, Dept. of Drone-bot Military, Jungwon University
®Professor, Dept. of Drone-bot Military, Jungwon University

LAE
1.1 4173

79 ot 2] | FH &2 FE AST AL AR A
, Ao ol o FHE FI Uk ot A Y FEH =T
et RN AU B TS HIR R T2 U (#) 713 A, o
(%) A E4ZAE ] (M-CSOF, maritime counter special oper-
ations force) 24, FA = tf ¥] 2+ SO FAEHIL o, F
8 A™ g AHARN AL S +FT AT Ao E
I UqY, 55, v FE S-S0 FsaA
o] ot} 2| FA A7 & Aol Al st ol &
5 8 e §9 oA &

A &&stAY iAol A =
s &3t g o= 48
A7 g Ao =82 o

T

N
of ok

d

o

el Mo
4o ofo

|~ o

L e s
r
[o

1o
ok

ol
-

jq_o

[,
e
N T

>4;9&1_1
fifo
O
(o]
° o
e

il

2y
ol
Hu)
i

T

LU= O S i )

_]

© 2025 Korea Society for Naval Science & Technology 43


https://crossmark.crossref.org/dialog/?doi=10.31818/JKNST.2025.3.8.1.43&domain=http://journal.knst.kr/&uri_scheme=http:&cm_version=v1.5

KNST

%l ‘é‘:ﬂoﬂ et 24, ], AR
ol w2t AR 4% 80| 48
a1, Z|off u] 3y ﬂ g (max1mum flying range) & H]
% 75 AlZF(maximum blade time)o] AHEEHEE
St 71w e 48 st 1l m A% E Ao g A
ot vy 7ts At 71222 A FHE mis-
sion profile& Z-&3}o] Monte Carlo simulation
7o g fHoA et W Al EF ol dS e, A5
o] 7153 2 A Hb7H (average combat radius)
T ZH A Q A7t (average combat time) 2 B 2}
A *1,1 7+ &8 A H]-& (average O&M cost) 7}
Al EA 5k o 2 A AR

27}o]| A = Monte Carlo simulation &
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2.1 Goal Seek 7| =

o
EFPot=d BT ARE A J’
S BT AR 9
5719 Hd & H4
o A7 HE&3 F8 7]—‘3 J Goal Seek(—'i—%%i
217])+= Microsoft Exceloﬂlﬂ A 5ol= 752 =2, AL
S daE SRR 4 3]'_1—1 123 247]
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Monte Carlo simulation2 FZ9 &

Z{&l7| Mission Calculator Tool 74! HHH2

o) 2e Aagolut H e ndYsty LA
L EAH 7ol o] /e S Ee AR ol H
22 5o} Ave] HES R4 RIS HY
shehi o AHgE

So1d 522 AYshy AL 2Fskel Goal
Seek 7152 FEFORA 5719 Hrf 28 WY

£ Z A%t & Monte Carlo simulationg £35}of #
Ao14 2 LE1E 5] 28 47 (average combat
radius) ¥} 2HA
+8& A H|-&(average O&M cost)Z ZA5IA =
Lo, olal g YL e 2 WA e g
et

49 AlZF(average combat time),

ol
-

() %59 29 4%: 29 A9 Q)

A A S W
NeA FHG Sushe A

matlcal programming W4 0 F HE 5} F
A& ot e & ot 3Tt

(2) d8gt 24 gt 732 A FHoAM &
FEE QHRE ohuirt. & So] HH 5
43} 549 5] Wt Antolo] vlALY B
3, 275907 270 32 84, 30 mm 7|
U2 Zzh et 4 AR E S7HA7171 A
o 27 du"3 Az 9 58 =4 Fo|oh
(FCR, fire-control radar)9] &2 oH 5
A % 9lolok gt

(3) Goal Seek 7|5 A&: FA A7 A AX}(en-
gagement procedure)of| A =3 == H]| 5
o, &%, f7] A7 B A S} A
o £50] UE BH HrT 42T o
71# 0 & Goal Seek 7|52 &&3}9
o] Ho ¥]§ A2 (maximum flying range)
2 F o B3 AJ7F(maximum blade time)S
Kla=—elia

(4) Monte Carlo simulation 7] & &: (3)°] A
Goal Seek< A &3t 22 44 X H|Y
Aeler Hh v Aol et 2usHs 9
23t A7 4Ee 99 20d mdg A gl
o] Monte Carlo simulation 7| & & -8-3tt}.
ojf Fa3st AF}FES LE517] Y simu-
lation BHE 315E 2] Aslo] A3t Al
Ao et 4k E A5 +¥o] 7t A
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A= gdol 11, HEidol 42 A S
=T UEE TAH d5= oo
(5) 23 EA: Alggo]d | A& glsta, 2
8 A o 7 FEof gt d=dS 2835t
of 2L A& ol AR ArEtth. o
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AESt 127 F A9 AdF 3= At
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3. Mission Calculator Tool Q] A3} =2+ 314
3.1 Mission profile
otz &7 A7 e AZ S et AAH o

Fig. 19] LERdl of af4F S4ag
sion profile2 t}2-3} Zo] A ojd 4

Flight level @
600 ft ‘
° ' =7

o— o0oft
Flight level 2
/ 19km <X w ft hover 200t -

;9 s
el
o
Io
2

EE @4;2 km }“ F
Bulls eye 5 min < ET < 30 min
TOS <20 min
Fig. 1. Mission profile of M—-CSOF
olutx] EAW] A= S4bo] 973 AuF 2%

YAz Aug
eling point)ol A t7]5+3 Aek7k A F7] 2% 4|

4~ (FARP, forward arming and refu-

H7F J2 S04 &4 &&stetes 982 e,
A 7] X174 <1 7+ ‘Bulls Eye’S HP3}17] 95}
o] FARPE Zulstch. B4} oA} o 7] x| A2 34 3]
O}LEZ 2 235}gl A]7]of o] SOtz ] A}A g Hhal 5

}o]
to 2R 9F 19 km o]/ Ao AA5to] &5
A=t ol 7R i ti7] A9 YA E
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QF tf 7|5tk A9 et A& AeotA = H et
AXRAE AAISH7] S5t A FH(EZ, engage
ment zone) O & Z9FStct. sjAF t 7] A Fo| A
214 (EP, engagement point) 7} %] 9] o]& 7 2= 2:5]
o] 32 kmo|1l, 60 ktsQ] £ 2 o] 53ttt WA A3
of =23t ofutA] FAAY] A= A 5EOIA F
o 308 5ot Bt A2 g A5, THA] FARP 4]
Hog BEfst= A= AdF A& A-835t3H. o]
NS oty RE =2 FA|SHA 4] (1) Zo] vepd
= Sl
Xp
120 kts

(Xb +Xe)

T ET
+TOS+ET + 120 kts 1)

+

60 kts

< Maximum flying time

714,19 km =< X,
TOS < 20 min,
0 km = X, <32 km,
Smin ET < 30 min.

3.2 Mission Calculator Tool

Figs. 2-59] Excel 7|4l Mission Calculator Tool
o= 47§ 9] worksheet7} Ut} A HA sheet(Fig. 2
ZHZx)ol A= Goal Seek Y Aol 8%5t= 7 op-
tionol S oHe e BT Z, 3 WA sheers
24 gejol wat ofw 27 Lupit R A
He 2AL, o8 YeAsto] AHH BH U Az
ol 2t o ¥ A 2] (maximum flying range)
¢} g ¥]Y A7t (maximum blade time)& Goal
SeekO & ZF3l Monte Carlo simulation® 2 % 3]
2 WhE QUTA 2 estol et B A WY
(average combat radius)¥ Hat ZA A]7F(aver-
age combat time) ¥ Ho & -] H] & (average
O&M cost)S A& 5}+= main sheeto] T}

- WA sheet(Fig. 3 &2)«= s+ 20 °Co A F
Fol 2 AR ARG HO|T sheets 0] ofnf
A BAWS] AR B A A BT AR ARG
(burn rate) AtE 0|, sheet o] A =55 o} AR}
7] Y15t E3£312] Goal SeekS 27] 13| Excel A
of A tlol ¥ -7 = A -F3EL 2719 pop up A=
AW Ao g FE5HHH.

Al A sheet(Fig. 4 )= UF FF5HF(MSNGW,
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Apache Mission Calculator for M-CSOF B : Result of Mission Profile Too

B : Monte Carlo Simulation Result

MSNGW Factors Armed

Engagement Procedure

" Number of SAL Hellfires (Max 16) or ATGM 4
4

Number of RF Hellfires (Max 16)

Mumber of Rounds (Max 1200) 600

Mumber of Rockets (Max 76) 1
4
1

Number of Stingers/ATAM (Max 4)
Fire Control Radar (0 or 1)
If FCR equipped, cannot have UAS

UAS TCDL Antennia (0 or 1) 5
If UAS equipped, cannot have FCR
Internal Fuel (% of Max) 100%
Int Aux Fuel Tank (Max 1) 0
Guide Missile Ship Reduced Size CEFS (Max 2) o
1 1 Crashworthy Ext Fuel Syst (CEFS) (Max 2) 1

Mathematical Programming
Xb / 120Kts + Xe / 60Kts + TOS + ET + (Xb+Xe) / 120Kts < Maximum Flying Time

Subject to
19km < Xb
TOS < 20min
Okm <Xe <32km
Smin < ET < 30min

Fig. 2. Mission Calculator Tool

AH-64E Apache SL/20C

User Can Modify Cells in Yellow Block Il
Number of SAL Hellfires (Max 16) or ATGM
Number of RF Hellfires (Max 16)

Number of Rounds (Max 1200)
Number of Rockets (Max 76)
Number of Stingers/ATAM (Max 4)
Fire Control Radar (0 or 1)

If FCR equipped, cannot have UAS
UAS TCDL Antenna (0 or 1)
If UAS equipped, cannot have FCR
Internal Fuel (% of Max)

Int Aux Fuel Tank (Max 1)

Crashworthy Ext Fuel Syst (CEFS) (Max 2

Weight Empty 12533.0
Aux Fuel Plumb 8.0
ATAS Provisions 58.0
Crew (235 Ib. ea. Std) 470.0
Unusable Fuel 13.0
Eng/APU Oil 35.0
Gun System (30mm & 20mm) 130.0
Survival Gear + ULT/ELT 63.0
ASE Kits 144.0
Fixed Usable Load 921.0
Sub-Total 13454.0

Fig. 4. MSNGW sheet

mission gross weight)2 ¢ & 5= 3to|th. MSNGW
sheet= 970l 2R3t F57] BH], #43% A= op-
tiong Y&t FF7|9 dF F5TE AL
o] sheet= 3l A sheet®} A& = 0] o A HA
sheet®] “Armed”of 77 & A A FLSHA 2
& 5ol A gtoll == ?Jl'i— STl v "o

Yl HA Sheet(Fig. 5 F=F)E hover capability
table2 ThOFSF &8 T o)A 0“1“4337} hover-
ing& RAT % YL HES e E dog ol

th. o] B AFH A5 olsfst, B 1L
oA He3 Y3 AHst=d FE&5HA E&E
Atk &, 2FALRE A Yo7 A FHY & 4
5= E45ta 5% 2 Al FASHA hovering=
&5 QT2 ol o ad A AHFS A gt
ol & Z4E &4 24 stol A= ¢kt B&
A 0 = H|§Yst= A o] 7he oA Hot.

AH-64€ Apache Guardian SL/20C

Goal Seek Input

§BlE

Fig. 3. AH-64E burn rate sheet

AH-G4E Data -701D Engines (3400 hp Transmission Limit)

PA oaT Configuration Block Il OGE Block Il IGE (5.1
" c
Max Hov Wt Useful Load" Max Hov Wt Useful Load*

1SA 0 15 FOR,8HFinorg 21878 7571 25804 11503
1000 1302 21702 7401 25553 1252
2000 11.04 21525 7224 25299
3000 906 21349 7048 25043 10742
4000 708 21169 6868 24784 10483
5000 509 20710 6409 24233 9932
6000 an 19072 5671 23378 9077
7000 113 19213 912 22503 8202
8000 085 18467 4166 21646 7345
2000 283 17741 3440 20812 6511
10000 481 17021 2120 19985 5684
11000 579 16347 2046 19208 4907
12000 877 15692 1391 18453 152
13000 1076 15089 758 17122 3421
15000 1472 13852 49 16324 2023
16000 167 13282 1019 15664 1363
17000 1868 12730 571 15023 2
18000 2086 12196 2105 14402 101
19000 2264 11682 2619 13803 498
20000 2462 179 3122 13218 1083

1SA+20C [ 3 FCR8HFinbrd 2117 s 25229 10928
1000 3302 21301 7000 24972 10671
2000 3104 20055 6654 24537 10236
3000 2006 20354 6053 23831 9530
4000 27.08 10749 5448 23122 8821
5000 2500 19150 4849 22420 8119
6000 2311 18562 4261 21732 431
7000 2113 17986 3685 21058 6757
8000 1915 17421 3120 20307 609
9000 747 16865 2564 19747 5446
10000 1519 16281 1980 19067 4766
11000 1321 15721 1426 18422 a2z
o000 a1 prorsy 87 7700 uar

Fig. 5. Hover table sheet

3.3 Mission Calculator Tool9] 52} 714

I g8e 7Ad T2 AE L3 Monte Carlo
simulation IO &, Fig. 69 AX HAX} FoA
ot 24
< Excel Y Visual BasicO. & Fig. 83} go] 197

3 Excel Macro 7] 52 2 A5 A5l =& ol ¥t

engagement process= o] A A At

—

Q.
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How armed? |—P| Mission profiling tool |—>|

Goal Seek

To determine the range
and time flown that
will result in no excess fuel

x2)
cras Fuel Syst (CEFS) (Max 2)

Fig. 6. Concept of Mission Calculator Tool

Sub Goal_Seek_Wartime_Click()

With Worksheet("SL20C").Range("N18").GoalSeek _
Goal:=.Range("N2").Value, _
ChangingCell:=.Range("F10")

End With

End Sub

Fig. 7. Excel Macro for Gold Seek execution

Sub CSOF_Click( )
DimiAs Long
Dim n As Long
Dim Xb As Single
Dim TOS As Single
Dim Xe As Single
Dim ET As Single
Dim Z As Single
Dim R As Single
Dim T As Single
Dim S As Single
Dim Average As Single
Dim Average?2 As Single

S TDOVN—A-—
[ | T R | R
OO0 OO0 O —

Do
Xb = WorksheetFunction.RandBetween(19,Cells(10,11))
TOS = WorksheetFunction.RandBetween(0,20)
Xe = WorksheetFunction.RandBetween(0,32)
ET = WorksheetFunction.RandBetween(5,30)
If 60 (Xb/(120%1.852)) +60* (Xe/ (60%1.852)) +TOS+
ET+60%* ((Xb+Xe) / (120%1.852)) < Cells(12,11) Then
Z=60% (Xb/(120%1.852)) +60 * (Xe/ (60%1.852)) +
TOS+ET+60* ((Xb+Xe) / (120%1.852))
= (Xb +Xe)
Else: Z=0
R=0
n=n+1
End if
T=T+Z7
S=S+R
i=i+1
Loop Until i = Cells( 16, 11)
Average =T/ (Cells(16, 11) = n)
Average2 =S/ (Cells(16, 11) = n)
Cells(21, 13) = Average
Cells(21, 10) = Average2

End Sub

Fig. 8. Visual Basic for applying engagement process

|
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Maximum flymg range Aver. combat radius (km)
Monte Carlo
—
Maxninlbladelime Iteration number: 20,000

+ Aver. O&M cost (USD)
Engagement process

Aver. combat time (min)

41827

2470 BH2 o 94 542050 (M-CSOF)
e Syt obntx 24| At 2 9
mission profiled] w2} dup} Q& v P 5 QL
He 9 Ao gadosn aad 21

P 4 QLS e Hojh & AR BA] A

AQ

= PR N o B o [

42714

(1) ot A e ZA FHor FIste A F7|H
FH Y = T o] A 120 o]

(2) oA 4@V 9 F8 &4 T2 uto]of
mlAbd oo}, AAHE 2.75Q1%] 2217 30 mm
gun o8] 54 SO = 7hE3t

(3) s/dol M & o= o] 55k A T FFA
gt dutolof wArd ] §FE(PK, proba-

LE

bility of kill) 60 %° ]

(4) FUHE oA &
a719] g 7}%43
4Tjolct.

7] Adie Vi TH=
5 %S Lsto] Fof

\1rul

A EAARY 27 % obutx] FAWS 2
= ade g Yot Aw e
Aoltt. et 24 8
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Table 1. Experimentation alternatives and attributions

MSNGW factors

Hi- M 9|, Monte Carlo Simulation 7|82

&l7| Mission Calculator Tool 7%} HHH2 ol

CSOF in wartime

Number of SAL Hellfires (max. 16) or ATGM 8 4 4 0
Number of RF Hellfires (max. 16) 8 4
Number of rounds (max. 1,200) 1,200 300 300 300
Number of rockets (max. 76) 0 19 19 19
Number of Stingers/ATAM (max. 4) 4 4 4 0
Fire control radar (0 or 1; If FCR equipped, cannot have UAS) 1 1 1 1
UAS TCDL antenna (0 or 1; If UAS equipped, cannot have FCR) 0 0 0 0
Internal fuel (% of max.) 100 100 100 100
Int. aux. fuel tank (max. 1) 0 1 1 0
Reduced size CEFS (max. 2) 0 0 0 0
Crashworthy ext. fuel syst. (CEFS; max. 2) 0 1 2
4 (MOP, measure of performance)+= th33} Zo] HAE o 24 2] mission profiled &3+ o 24
LTS SR A 28 A7, 8 $H H8S BT
(1) PF AN 9PN G2 IR FFFMNCW) 44109 99 A
2 eiste] HET Ax ol WA o
L WS AR 9% 54 A4 3 Goal Seeko.% Zrobul u]e) W9 AT Table 2
o B3 A2 (maximum flying range) 2} | tff o} Ztt.
H] 3 A]ZF(maximum blade time) ©
(2) ZA Ao vtdd nd 3AHL FL_3 =H Table 2. Results of Goal Seek
4 %E 2 W7 (average combat radius) 3 CSOF in wartime
24 4 Q A|7F(average combat time)o] Tt Results by type
293 AR gopit A BRE AT o4l
Boe 95l £8 07 1 ~9—(average O&M Maximum flying range (km) 272 399 635 769
cost) & F71 &4 242 T} Maximum blade time (min) 115 149 211 247

4.3.2 A% tjQt(treatment)
Table 13} Zo] 2 Fejof whzh 74 Fejet A=
optiong Y2 3t= A, B, C, D] 47}A] it 24

sto] A shoint.

4.4 4%

ot

23}

Table 10 A Al H 47}A] Bt 7FA] 3L MOPE +
3t7] #3l Goal Seek 7]5& &-&3t F5719
of B Ao} ) H|gY AZHE 245, Monte
Carlo simulation 7| HE& &85} o A ELZF

Ol

4.4.2 Monte Carlo simulation 23}

o o4t E4

274 B off O] mission profileS & 83t
Monte Carlo simulation 2 3% Table 32} Z T}t

Table 3. Results of Monte Carlo simulation

CSOF in wartime

Results by type

Average combat radius (km) 95 126 184 216

Average combat time (min) 81 99 131 147

Average O&M (USD) 8,996 10,910 14,412 16,276

48 2025; 8(1); pp. 43-50 Journal of the KNST
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Simulation B

-

o ok @

= A type 7S A83
1,000H, 5 oooqi, 10,000, 20,000 ¢

01 71—71— 301:1111\1 /\oﬂ %F_(Table 4 X _75_)’ pan
E9 A3 SollA EHUAT}E “070f 7H
20,0001 9] ¥HE JlF 2 8510] g2 AHE

ot

e
o
8

4
1%
L
A

ol
-

Table 4. Standard deviation according to iteration of A
type simulation

Number of simulation repeat

[teration

number 10,000

—

95.23 96.08 95.64 96.05

KNST

ool 7ol A AFSHEE At o] o] ol
T 5 9l obutd 34 W/E Fo4F Hef arfol v,
A oot Mz F 7ol Wrtolo] nlAtY W we
FE ot AR HFT 5 ALAS WS £ 2

I}= Table 59} Zrtt.

ru

Table 5. Final results for insight

CSOF in wartime

Results by type

Armed Hellfire

2 99 97.12 96.17 96.1 per AH-64E in experiment 16 12 8 4

3 96.47 95.13 94.98 96.06 Average combat radius (km) 95 126 184 216

4 97.29 94.95 95.48 96 Average combat time (min) 81 99 131 147

5 96.65 95.36 96.57 96.1 AH-64s needed

6 9275 9627 9573  95.87 (against enemy SAGs of 12)” # ’ ° >

7 94.9 95.92 95.71 95.94 Average O&M (USD) 8,996 10,910 14,412 N/C™*

8 95.92 96.45 96.29 95.74 “Weapon: Hellfire,

9 93.04 9621 9529  96.16 Die o enemy ggf/j’(s“ﬁace attack groups): 12,

10 93.42 95.42 95.59 95.6 Number of Hellfire for total destruction: 20

I 54 9485 %47 %62 égggﬁigyr;? 7H5_£Z1 E 4.5 AH-64E available

12 93.64  96.13 96.05 95.31 /C: ot calculable

13 96.63 96.94 95.19 95.66

14 96.35 96.19 95.26 95.45 g glo]o] u|AtY EAleko] W2 PF ZA A7+

15 95.36 96.43 95.49 95.22 2} ot whel 815o A 1478747 4850, ofuh

16 93.54 95.3 95.5 95.78 A Ao o] gl or) L 30 FEE 2ast

17 94.57 95.63 95.65 95.82 W Al A DA ot Eak A A 28 7F O

18 97.26 95.11 95.71 95.19 8 9] U182 8996 USDO|A| 14.412 USDIFA] A

19 95.05 94.97 95.6 95.84 QETL AT A Ee 2 .

20 95.93 95.84 94.48 96.09

21 94.55 94.57 95.76 95.97

22 89.11 95.85 95 95.78 5. 88

23 96.93 95.51 9534  95.51

” 06,66 o 96,01 9557 2 =204 = otn A FAAY] ZA 2 5o A

25 91.88  96.09 9567  95.56 afHd A Y+ A= S (insighy S

% 96.29 96.88 %613 96.32 A& 35}= Excel 7|Ht9] Mission Calculator ToolS

27 97 71 96.55 95.87 9%6.16 NEsto] A 7|89 Tl Mission Calculator Tool9]

28 9824 9587 9616  95.41 A2 ARl 4 &she 242 Excel 7]WH2] work-
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