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Abstract

The objective of this study is to develop a general design and performance evaluction
model for the system designers in the initial design phase of the infegrated automatic
} manufacturing system based on the RAM[Reliability, Availability and Maintainability)
:  and life cycle cost{LCC).

The methodology proposed in this research includes the following two stages. First,
a deterministic approach to the solution of optimal work station arrangement for the
initial system configuration is considered under the assumption that the system availability
is one{no failure and maintenance), and then a stochastic simulation model based on
RAM and LCC is developed. Using the results of these two stage simulation, a system
performance index(SPl) was developed for the performance evaluation of the proposed
system. Also a computer pregram is developed. '
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INPUT DATA SUMMARY-

STATIoN  'SERVERS  FREWUENCY RPOCESGINCTINE  WORRLOAD  Pin SERVER
1 HiLL 1 . 25000 1.00000 .18000 . 250400
2 DRILL 1 . 50000 2.75000 1, 37600 1,57600
3 puint 1 . 26000 . T8000 . 18750 .18750
+ THANS m . 25000 i.00000 1,00000 L5000

NUMBER OF ITEMS IN SYSTEM = 2p

SYSTEM PERFORMANCE MEASURES

PRODUCTION RATE = 10.909 [TENS PER HOUR

PRODUCT [ON RATES BY PRODUCT TYPE

NUMBER VALUE
PRODA 5.455 B1.318
PRODB 5. 455 545.45%

TOTAL VALUE = §27.27)

AVERAGE TIME IN SYSTEM =  110.0( MINUTES

PROCESSING T.25
TRAVELING 4,00
WAITING 98575

FUNCT!ONS OF N, NUMBER OF ITEMS IN SYSTEM
N PRODUCTION RATE AVERAGE TIME IN SYSTEM

5.331 11.250

e ek ok ek ek ol o
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A 0 g A A A0 D A A A
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o
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i |

THE BOTTLEMECK STATION 15 2
STATION PERFORMANCE MEASURES

ALY WY o TDion  BUE BEeRs
1 MiLL 1.1 . 182
2 . DRILL 1.000 1,040
E paint L1386 L1386

4 TRANS L0386 LT
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- Waiting 98.75 43.75 25.42 11.79 11.79 10.02
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20-
10-]
1 ! ; 1 4 1 1
St.2 1 2 3 4 5 6
A AEE S | 2 7]Sys. of22A St. 7}

38 1. AlAE TEY OE dstin

oAl 2 @ RAM 2 LCCE THT S5
A& o]

Kol e} Zo] FMBE(Ae=1) R #7MHE
£ TH5A ¥ A99 CAN-QE o] &3
NEFelA 279E BA 27] ALEE A4S
£ 100 Irem/Hr, HT AGEF A7k
110.00 Min/ltem <] o} efZ&¢], S.2e
HHE F7ME ZS AYEL 2127 Min
Item 224 B9 APFEF AT A[7F.564
Item/He2 AHES 8 5 Utk 28y 1
2 2 Aele} FHE RAM 2 B)E(LCO)E

7Y B9ele BE 2AE Uehde 2
i

o A% ABANLE Al e 2
& 98 A=g Agadn

2 28] Al FEold HHAER:
- Simulation Input Datal
F Al EdolAd 713 1,0004%F
7} &9 A EdolA HF 1 100417t
EERPUESE
Aulede] 512



30 254

A28 FEHE(F) 20,000(8¢)
Huie el HFYEE 1 85(H4)
Aung% A 5] vE(AZ7H PM)
50%

Aun| 42 AEE ¥ (FERHE)
50%

- oy AR Mu|a=H #¥ Data;
Z7)A=H %« Mill 500(89)
Drill 1,100{3¢1)
Paint 300(H¢))
A B] ) 7] (Standby)  Mill 1,100(1¢Y)
Drill 1,100(34)

- & (Failure) 2 A¥](Maintenance }
Data; 274 2 FHA|ZE &
AFEER /MG o & 5944
zo} 7 AetdE Y ghg FUch

g A% %

E 6. X7| AlAHe] Sample Qutput.

SYSTEM AVERACE AVAILABILITY== . 294

COST HATE VALUEsss=ssmsa=a== 77.9010800 3 PER HE
LIFE CYCLE COST PER UNIT==3 2.5087 PER UNT
PRESENT WOATH L!FE CYCLE COST-- 45512, 0800

SYSTEM COST BREAKDOWN TABLE - "
TOTAL_CAPITAL COST. 5 H#0D.000
OPERAT NG COST:

TOTAL CORHECTIYE MA!NTENANCE COST--3 llg}rlg?

TOTAL PREVENTIVE MAINTENANCE COST-~% .
TOTAL MATERIAL COST-=-rro========-- 172,878

COMPONENT AVAILABILITY INFORMATION
AVALILABILITY
wiLL 8%

DHIL [a55
PAIN a2

o} o2 G MulE Frig JHAA
A AEe] 7HEE, £7uE B AAE Fol
$5es B 4 9t

B AEgolMe A AFE 27, Y 4
AR AR 9] RAM 2 27]RIE(LCC)o) Al&
He] Zgolel gakol A, RAM B &7]H]
S(LCe)e A4t g B Aveia B9

B 5 1% 3 HulAs Data

| work sT. TygE MTTE HH|ZE MTTR | PM Type | PMZZH |
] Ml Exp(10.) 10. N{3.0,0.05) 3.0 BT 100.0
Drill N{20.0,0.1) 20, N(5.0,0.06) 5.0 =P 100.0
Paint Exp(50.) 50. N(6.0,0.05) 6.0 BE 1000 |
M) | N@0.00.1) 20. N(5.0,0.05) 50 B 000
Driles); | N@000.1) 20. Exp(5.0} 5.0 HE 1000 |
A 19] CAN-QE o] &3 Al Edol4g Daad] Hg] ZE %L MIE ¢ 284

Ao wet ofg T $.2 Diillg F7HA
71 AN AEE Fahn 9A 28] AR
o] DanE o83t A geo)ig A%t
gonm olzs AnzRe HHMAE AT
AAAAHE f5te A ARHTEA S (SPDE
Foka 71 L AALA Al AEE vlasks
th TS E 8ellA BW 27] AAAjady

AE Modele] E Ho 2 Fd)

AR 2Ee ojE] 7HAe] BB dE
R adog FAFH gleBng 7}
HEA2EE My Ax 9@ $£788
e 27 Bo3ER o|2HT A
2 & 2F5 5 AT A4 Fol 239

fr o o

I o

=g



RAM-ES

sl B9 A 2del A5

HA 2 wrbyore @7 3

B 7. 74 A|AH2] Sample Output

SYSTEM amn:mau ILABELITY==

o

LIFE g& PER UNITa=g
PRESENT

SYSTEM COIT BREAKDOWN TABLE

LO8T
WORTH LIFE CYCLE COST~--

TDIEL 94
ax. 3!4!1‘00 2 PER HA
2.2775 PER UKIT
48823 5800

TOTAL _CAPITAL COST,
OPERATING COST:

L] 24100. 900

TOTAL CORRECTIVE MAINTENANCE CQST--3% 543,240
TOTAL PHEVENTIVE MAINTENANCE COST--3 170368
TOTAL WATERLAL COST--===swmmmcommn 83000

COMPOMENT AVAELABILITY INFORMATION

g =qskich

Model & THE A} Aulelx 7183 A
°1f=1, 23] FMS Hopof de] #8F & 2

Aolth, B3] B AT A LH ]
)‘JFHE 7“r5 2 3¢ 5 FrhA] A e
51901} 0|5 thAE] (Multi-State) 2 )
AL 715 AolH Simulation Program® T
ggaoz AHE S oS BEsiA 28

B 2 + 92 Rolth A2 A% N2
ohLs 1068 < 918 A8 AlEYolA Packageq] FACTOR/
AIME sty B mdd uesA] X3
E 8 27| ¥ 7 AlAe| AAHIK|TY b2
F 7 LS b/ Sy H 2
A28 BRTHET (Ae) 05629 0.7036 B 2. A1 Sefl0| AT 2
LCC 45512 $ 48,824 § .
Cost Rate 77.9 $Mr 68.23 $H .
(EHI 7 HEA|ZHLCC)
Ee|Eg LoC 2.5967 $Mr 2.2775 $Mr -
AMALE(Prod. Rate) 10.9091teMHr 21.818itemHr CHA[1 AlS2|o| MZ
6. 2 & e 2458 n8d 4L AlEse] A4
FsAE AFstdh ol EAES I
B Ao e 2 B9 BF ALY & 4% 2 wde 7 JNE Ao 2

o ARAA 2 B7hS skl 23 2 A
g AP ST HlEe] Teld BHY

ARE HpsHA 54

lo W oo
i)

E‘ -}%ﬁgd r
13
=

7N

A EH )4 Model

7122] 7185 ( Availability )
not ga 2] 74 %

LERE

F2 oAEAAde ZEAR «7iHE

(LCC)=
(Flexible Availability )=
A BoAES
e 94g
o] 55

E)\]oi] '_!i’%'&‘ﬂ‘ o0 M

OB a0l

7He4
EEEEC:2

A28 8 7Hg=s} H|gol
2R AARA AAER A
BAAM 2 2] A5A]4(SP1)
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