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Integrated Weapon System Design and

Performance Evaluation)

Abstract

A Stochastic simulation model for optimal design and evaluation of the inte-
grated weapon systems under the consideration of the RAM (reliability, availab-
ility and maintainability) and life cycle cost(LCC) was developped.

This model is supposed to satisfy a need regarding the methodology of
optimaldesign and performance evaluation for both developpers and users of.

weapon systems.

1- & g system X3i= component) 3 olo] HEYIlE
A4¢ ¥4 Modeld] g0l o]& A3l F
B a7 iAAY 85/34 AN 7)AA (£ sub-system) o] 73 R AHu] A
F8 JAEAZA FrIAA AHgR(user), F ESREH 7H-A4 (availability) o] 483 274
ZIAA H/W) 3 ol 8714(S/W) & e A9 &£71¥8(LCC) & FAsE Stochastic
g FAA NAAES L g E4E A% Simulation Modele AT ErlmA
o, RAM #7333} &7)Hlg(life cycle cost) System 74 ® $8] &8E 5 e AA
£ I BEgRU|AAe A AT (sub- T4 E8A4=(system design value index)

* Feojdista



& 4% g8k

olg €% Computer Programg& sz
¥ Missile Systeme] A¥ 4@ 2RSS
AXHA

¥ 7€ 5¢ WIAAY 9% #9%E,
vlg R VMR 2 A e @ HF A
TR £9¢ A% B4 Wtez ggg &
dE& Aotk

53] A% RIAAY A o AA vl
3UtelBA Sub-System A8 2F R AH
To2 AR REA (down) He B4t B
omn, o] Fg ARF FHol A A3HH
ol2 AT L FuHE WA ¥E(LCO &

14 2dEd. AN oA BF FU)AA
o) AA(FA)A Sub-SystemE 7HEA
(availability) & ¥°IEE 3= Zo] di¢ &
A H3 itk & 23S FuR Ve A4
2 @R Axde] dF FH F¥EE ¥
o]7l 3ty #7149 7}8-4 (availability) 2
Al2" Aol ¥]L(LCC)& AR Al2g
9 HF A 2 eIt AN AT
=3

olg HA%td theF e Yoz vt
FAHAT

N 9F
Rate) 8] FA& st 7] A297437% o
o BAY AE2HYE CANQQ)E ol&std
A2d QREH5E, ARFY ADAR(IF
g, W7, ¥ L Bottleneck Sub-
system& A3,

2) Stochastic Simulation Models 423}

%)% (Mission Performance

o] AA¢ (£E sub-system) 8] %, AHu] @
2B ABERE A2adde) = (avail-
ability), H-&(@LCC)R o}e] sub-systeme]
FE QgL AdEa,

3) Q44 ARE AR=YE AATY B
F71AA 9
7H e
gAY FF
s v]8(life cycle cost per mission) @
4718189 #r}(present worth) & A48t
o 9ZEA 2 &4 ZF dAEFEE Ad
gch

4) A9 ZH=rRE HA EBFA (sub-
system? &7, Jdu¥EEH) S s T E
Asta HAHE e 7By OEpPn
714 o] Z L Standby-System o 24 &
o] 5 ¥ By AR fiAE 24X
A T YRARHR PRSI H83idnk
£ 4dFMEs FAAAY dFAER(AT
&, BRI o AS(AT) o] BAE 2
3 sz 4F AR THE &+ de HE-
Azl AHgA9] AFFYE 2 MBEQ)E
QA 45 BEE £ de BAddeldx
2 5 Uk

A4 (system design index) =,
Y7 7F8-%x(average availability),

X 7+F H]L-(cost rate value),

2. BBt Btfr MODEL<]
AHALBIE

BAAAL AR 2 47
27 A A

B gFilAMe
ER Apgelld A3 HeE FUE

24 -



Ade] BAY ok FHE T3 Lr)AAY
AA (AT AYuEAR ARE, AN 5
2235 74 (availability) 2 ¥ &(LCC) &
AR ER) @ ol AAAY edAED
2H ©Y 9% $9% U4 2 4858 274
sl 2AAAY A4 29 gaaRe] Bas
e z¥e THt

7k RAMBH s A%

A9 A9 MIL-STD 2 MIL-HDBK#
47 ¥ A3 AdF o 9FPET g
AAgel AAE FAEH Ued od=;
MIL-STD-756, MIL-HDBK-217, SP 63-467
FARADA, SP 63470 FARADA % GIDEP-
SUMMARIES OF FAILURE RATE DATA
. B E@A) Bo] €43
I o2t Zo] #+8E 4 Utk
REL. BLOCK DIAGRAM, REL.
‘GROWTH PREDICTION, SIMULATION,
TEST AND USE DATA, ANALYSIS ¥
CRITICAL ISSUE SUPPORT.

BRdME F2 FUAA d@0d 2 B
Al SystemA#xe] <FPHL dRE 4%
YH () B e dov, F BrAAs
54 2 T84 (configuration) o] =ebA &
g 2453 It Z Component ¥ Parte]
Failure Ratee] A2 EAE Test Datad
A8 FFAY #AF System®] Datag
2833 UAtkB). System Design A NA
o] dighiaE 98] System NHE o= ¢
Cost9} 7)€} Performmances S71AA &3t}

SHAE F8 84F FAC eist ulmske
2844 A M F At deng F
2 Systems) AFIE SEH) A Fa
Sub-system ¥ Componente] AL é’ﬂ
83, Systemo] HFFg Fohie AF® 4
€ Modelo] gix AAolth

7Ie AFxst Fd(8)se ®okzA A
3AL, TFAE 2 Hg 7lg Eold 8
T Modelge] A% #EHI oH, ol &
SYSTEM EFF. MODEL, AVAILABIL-ITY
MODEL, SESAME MODEL, OSAMM %%

g F Yok
System A#xe] F8 2290 H/W , S/
W 2 Human ReliabilityS-& &g 7]¥o]

glen,

£3] o}jZo] System Reliabilitys] o}

=AE 9%E UAEA 45T 283 Yyl
229 Aol IR JE FEL L@

b 2oh
. H/W AZd 474 gAeld 8 49
4 84 72 B9z AA9Y ¥
2 % AR Ade £2¢ 4 e
AT 5o AHS Py w4
Aoln, dadsolol & FFd %
o
. A AHE (reliability), B
(maintainability) S 2 %€ F7|A4
AA $949 FHX(availability) &
BN 7ol 4T TAsolol & A
olt.

Ll BRSO k3



2AAA Ests dud HgEde =
ATAL MR, BH(FY HgEA

3
22 ¥E g45¥EL P83 QA A

<218 58 &7l (ife cycle cost) & #73
3, ol JMX(availability) B E/AA
et JVANA FH AFEN FLHES
QA ojok Frh(5).

551 =9 =Y FAAAY A HdA g
Al5E HE g HERE AT AR g3
ol ojg¥th HI KIDASH ADDAA olo] &
T A7 AR olHF AFE T
A & QAY HeE 2 HE(LCCOY Z
Aol nlXA Rdm glow g %
Model 5 383 ARtk

<7H4(LCC) Modele 4 o &go]
golsfol & old] 28HE ARIF wWHse
2 B& Cost Data Bases} AgHolot it}
(9). 2FB2 B A}go] foldtm, Axd
o] 7M8x B ZF gAZERY) 44 42 84
¥ 4 = Modelo] AlF3] spdsojer & A
olt.

A9 71E AR =4 9¥EAHAE $EA
e g 2 Fo BAFEEC] ng Hof
o ¥ Aoz Hudnh

1) AA=z BF 271449 35 Sub-system

¥ F8 Components] Fes N2g
ol /F5EA X3 F8 4FFYe) F&
HEMs #E ¥4 A& HHE B
&do] A Ak 53 FUAAY 28
o] AAE A WA LA A

ol AE ¥ AT

2 8% FA4AE Wt Aoz o4 7t
$&(availability) 2 IFSYE (miss~
ion performance) & $7]AAe] A AR
71 BRA HFH HEFE &g
(LCC)& A Ieisie

3 ER WAAE 2 g 288 93
o 1 A (performance) ¥ X (effec-
tiveness) 7} @AA SRR Ak
A 25le] RAM : 7184 (availability)

9. 1o

: grlHlgllife cycle

cost) (11)

Az=ge HE

Az" 971 4559 &(misson
performance rate)
49 AxDE A 13T BY FIAA
o AA R HE AY ¥4 Modeld
ATE A"y 4% R EWAE s
9 "$ F8A Arh

3. A=A
=S

Il me BBRBRe TRE
(availability) B

8 7714l RAMARY AEs M=
ARe A% 718 F4L A% 98T 2o
25 # &g Aot A2d JHA=E
g3t 2ol 27K & 1) &% F7AAV Fo
A x2A%AA 8F He 7S ¥ ¥ F

TR 2 &A

26 -



e T8 2) IRE +F UM HA3
A% € 82 Ao Fd(3). odg A
g} AFSE o8 FAHU vy 7 -

R({t) = PATTF))
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F{t) : Failure Distribution
TTF : Time To Failure
TTR : Time To Repair
MTTF : Mean Time To Failure
MTTR : Mean Time To repair
MTBF : Mean Time Between

Failure
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Station Sub-system Server?] %
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Sub-systemojJA{2] QUPY . A2} Data

4 F St. A9 A 2 A x v o=
1 N30, 3) 1 AL :
4dF A 2 N(20, 5) 1 PTEE,
3 N(50, 10) 1 N, o)
4% B 1 N(30, 3 1
2 N@o, 5 1

7 XHo A2 ALEYE, Exp(0) 2 sz <o} e 27 AT AHs A
st} 4%<) 294 NEHCIN Modeld FEHd nw U 2L 2IE L F A

2% 1: CANQE ©|8¥ 27} N2del Simulation : A

°l 29 RAM R H§(LCC)E& =N gten uwehA %ﬂﬂﬂl-‘ﬂ BEIHEE Ae=12
7144t

£ oAl Simulation = teEel il

F 3. CAN-Q Sample Qutput

1 INPUT DATA SUNMARY

STATION

1 RADAR
2 FCS

3 MissL
4 TRANS

NUMBER OF MISS.

NUMBER OF
SERVERS

1

1

1

4

visiT
FREQUENCY

. 37037

.37087

.25926

.37037

IN SYSTEX ~ 3

AVERAGE
RPOCESSING TIME

30.00000
20.00000
5§0.00000

10.00000

11,1111
T.40741
12.96296

10. 00000

WORKLOAD
PER

SERVER

11.11111

T.40741%

12.96236

2.50000



1SYS UM PEKFORMANCE MEASURES

MISS.PERF. RATE - 1.:¢6 MISS. PER HOUR

MISS.PERF. RATES BY M{SSION TYPE

NUMBER VALUE
MISSA .88 .788
visss .338 . 338

TOTAL VALUE - 1.126

AVERAGE TIME IN SYSTEM = 1S8 E7 SECONDS

PROCESSING 85,30
TRANSFZRING 27.00
WAITING 47,37

FUNCTIONS OF N. NUMBER OF MISS. [N SYSTEM

N VISS.PERF. RATE AVERAGE TIME {N SYSTEM
: 516 112.900
2 352 134,545
3 10126 159870
. 182 187258
5 1,788 216,18
5 10463 246.090
7 10517 276,840
s 1557 308,206
INF 1.714 INF
THE BOTTLENECK STATION IS 3
iSTATION PERFORNANCE MEASURES
STATION STATION SERVER AVE. NO. OF
NUMBER NAME UTILiZATION BUSY SERVERS
1 RADAR .563 .563
2 FCS 375 L3758
3 MISSL 657 L6857

Z27) 718 AadoeRy J4zARE F/HFIEA Y745 & (nission performance rate) ©]

WAE Mg sRen o ZFHE g Bk Zo] AUt



E 4. I AS$#S (Missile Performance Rate) Rizts 24 Zz}

T+ B 27 Sys. | 1AARY | 23 ALY | 37 AR | 42 AA
- AATH " Radar | 1 2 2 2
FCS 1 1 1 2 2
Missile 1 2 2 2 3

ERSE PR 1,126 1.289 1.465 1. 564 1.587

{Miss. Per. Rate)

- BAADN 159. 87 139. 64 122. 86 115.10 113. 40
- Process 85. 00 85.00 85. 00 85. 00
- Transfer 27.00 27.00 27.00 85.00 27.00
- Waiting 47.87 27.64 10. 86 1.40
27.00
- Bottleneck St.3 St.1 St.2 St.3 St.1
3.10
7
: %
= Eiy
2 o] mx A
T AF5Y& 2
& (Mission Perf. Rate) A
& 44
(Miss
/8) (Sec/
Miss)
A=Y 74 #7] Sys. 1444 2444 0 3AAA 4AAA

a3 7. A2" Mol oE 45 Hinm

A%} 2: RAM 9 LCCE 8¢ Stochastic Simulation : B
SolA CAN-Qol] oJsfix] A=1 7}1AS el %] Systemel]lx] Bottleneckoe] St. 2FCS9] 5ol
=3



(E DA Ba 27] Systeme 4%

T & 1.126 Miss/Hr. 3 1Missiond AAZE 159.87

Sec/Misselloy} 41 ANEL B Radar 2 FCS 2 ¢ Missile 322 NAE /A48l 748
B4 4¥rgeol 1.587, HF 1Missiond 28410 113.40 secoZ /AAEE ¥ 4 Utk
a8y B¢ T4 ZA¢ 33 £ FuFd RAM R uj8(LCC) #4¢ I3 39 A9

e 498 edde d48 +

ATk

oj¥% RAM % H]&(LCC)¢ B¢ Simulationg dstd thed Be JYYAEE A28y

.

|0TAL TIME 0 AUN SlMULATlON {000HRS
TIME 3ETWEEN SINULATION DXPERINENT ~—=~-—r——weoceo- L{00HAS
NUMBER OF SUBSYSTENS (N THE DESIGN CONFIGURATION- ]
NUMBER OF REPAIRNEN kVA!UBLE -------------------- 1
SYSTEN FIXED (‘CS‘(ES""IHATED -------------- G00. 60090
SYSTeN PRODUCTION RATE(AT '00x AVAKUBlLl'“{) ------ 1.4000 UNIT PER HOUR
MEAN WAGEZ 3ATc “OR REPA(RHC\ --------------- 10.00000(3 252 Z0UR}
w OF MATERIAL COST JUE 70 PREVENTIVZ MAINTEZ NA‘(CE- 30.30000x%
®x OF VWATIRIAL ZO0ST DUE 7O CORRECTIVE MAINTENANCE- 10.20000x%
COMPONENT COST DJATA:
PRIMARY:
(COMPONENTIRADA -——ZAPITAL AC-U(SK"'OV CoST~=--¢ 30090.3000
(COMPONENTIFLS ——=CAPYTAL ACJUTSITION Z0ST~-~¢ ¢500.3000
(COMPONENT IMISL -—-CAPITAL ACSUISITION ZOS7T~--¢ 2000.0000
BACKUPS:
(COMPONENT IRADA -~-CAPITAL ACQUISITION COST~~--¢ £000.2000
(COMPONENT IMISL -=-CAPITAL ACQUISITION CCST~--¢ 2000_3000
CCMPONENT FAILURE & IEPALR INPUT DJATA
COMPONENT CODE FOR MEAN TINE STANDARD CODE FOR VEAN TINE STANDARD CODE FOR
JISTRIBUTION 70 —AIUJRE JEVIATION DIS'FUBUT!O\ T0 ARTPALR JENIATION PREVENTIVE
TIME TO ME 70 {REPLACINENT)Y VA INTENAKCE
TAILURE ‘KB’MR
RADA 2 20,00 1.00 3 20.00 .90 2
CS 3 10.00 10 3 20.30 a5 2
MiSL 2 40,90 39 3 22.3¢ .35 2
RADA 3 30.00 1.00 2 20.3¢ 2.90 2.
MisL 2 30,90 4.00 2 20.30 2.0 2
a8l HEx A2ge) 18T B4 9% Sample Outpute the-¥el

E 5. Sample Input Data

AVA{LABILITY-3ASED LCC PROGRAM(3 CONPONENTS: X 3.)

bl\IULATION INPUT PARAHFFU&S

TIXE 3ETYEEN
ke |



¥ 6. HxEx AlAgle| Sample Output

SYSTDI AVERAGE AVAILABILITY=~ ,2164658

COST RATE VALUE====e=we=eees=  276,6956000 $ PER HR
LIFE CYCLE COST Pm UNIT==$3 197.6397 PER UNIT
PRESENT WORTH LIFE CYCLE COST-— 61153.8200

SYSTEM COST BREAKDOWN TABLE

TOTAL CAPITAL COST, H 28500,000
OPERATING COST:
TOTAL CORRECTIVE MAINTENANCE COST--3 3476454
TOTAL PREVENTIVE MAINTENANCE COST--$ 219.816
TOTAL MATERIAL COST-=========-===-- 3 457_554

COMPOND(T AVAILABILITY INFORMATION

COMPONENT AVAILABILITY
RADA . 726
FCs .53y
NISL .882

COMPO‘(EQT MAINTENANCE COST TABLE

COMPONENT TOTAL UNSCHEDULED TOTAL SCHEDULED TOTAL
WA INTENANCE MA{NTENANCE NA {NTZINANCE
CosT COsT CcOosT
RADA 1108.820 82. 788 1191.508
FCS 1859.43§ 137.028 1996. 463
NiSL S08. 199 .gon 508.199

A9 A3 : X9 Simulation Ze| we Bottleneckdl St.3 Missiled <u]#x (standby
system) 8t A3 (A mode2 AXdN2HE FHE S dest 2L T 494¢ 4 Atk

I 7. M AJ2El(Standby) 2] Sample Output

SYSTEN AVERAGE AVAILABILITY-=~ . 4232654

COST RATE VALUE------------- 166.83200000 § PR =R
LIFE CYCLE C PER UNiT=~s 119.1572 PER UNIT
PRESENT *Oﬁ'n'l LIFE CYCLE COST-- 72261.6900

SYSTEN COST BREAKDOWN TABLE

TOTAL CAPITAL COST, s 35500000
OPERATING COST:
TOTAL CORRECTIVE MAINTENANCE COST--$ 1019, 287
TOTAL PREVENTIVE MAINTENANCE COST--$ 93.646
TOTAL MATERIAL COST--—=m===-——=———-= 3 148,752

CONPONENT AVAILABILITY INFORMATION

CONPONENT AVAILABILITY
RADA 883
FCS .844
MISL 941
RADA . 769
MisSL 1.000



A9l Simulation ZFHzRE HAY TANA A2d A9 AERE Azl AAWAAF
(design value index) & Fata] %7 AA A293% ARYA A2de Wz (E 93} 2o

E 8 =7 ¥ M Aagel DVI H|m

7 = 27144 ARAA W=
 Axd HE eE 0.216 0.423 Agdold BE}
(a)
LCCe] PW 61, 153. 82 72, 261. 69 .
Cost Rate 276. 695 166. 820 .
(297454 2% LCO)
99 92583 LCC 197. 639 119. 157 .
JEmae 1.126 1.289 Al gHojd A=t

6. & W

B QA7 E o B¢ BY FUIAAS]
HEEA 2 HrE s 2L e
ZAF M= ulge A B3 AH
< TS #EH AEHIR Modelz HZ
slgen 7]1& 718X (availability) o] AGEG
FAAA 74 2 348 Fa A2 AA
99 ZgAH &M @LCC) & 7o I
$54 d& 7184 (flexible availability) &
2k

2 AA d7MEAR 2

 LDIREC I
SHEEs) ulgol dF A

IHE AAH

41

qAEFA Yol FeSES A JAEFAF
OV & =43t

¥ Model® ©& 4} Sub-systemolx= 7}
£8 Rojn, FI] AFAMEH AHEALY F
8 SjAEREC] 8] &82 5 A& Aol
=

£3] B dydire FriAAe 4HE
2 FE3 R AT gAY ol&
thde] (multi-state) 2 d] AF 7 Rl
oy Simulation Program%= wistgaos i
2 7% d$ "sA 288 &+ AL 3|
th
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