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Computer Simulation for Analysis of Flexible Manufacturing Systems

Kyu-Kab Cho*, Soo-Cheol Oh**, Moon-Wook Lee**,
Tae-Yong Yang***

ABSTRACT

This paper discusses the analysis of flexible manufacturing systems design

using computer simulation method. The simulation language employed is SIMAN

which is a powerful tool to model flexible manufacturing systems.

The important characteristics of FMS,

its design and operational problems,

and structures based on the number of NC machine tools and their layout are

discussed for the applications of FMS to manufacturing.

A new algorithm for forming part families and machine groups has been

proposed and its software is also developed.

Simulation procedure using SIMAN for analysis of FMS designs is discussed

and two design problems are analyzed and evaluated to illustrate systematic

procedure for analysis of FMS.
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Group, FMG)
{4) &4 Al 5 AFA] 29 (Flexible Production
System FPS)
(5) FH A&
Line, FML)
FMM-L

A = 2}2l (Flexible Manufacturing

18] NCF2714, FEE: A
Z 4 (part buffer), ¥ =l B E (pallet) L3t
Al =5 28 EZ FA45E 7 kg 72
olth FMC & o709 FMM o 8 T 5| v A =
Woxe FAY wlx ot sl FMGE Az
FITHEE FMCH FMM S sl sl A A= F
PST FMGZ TFA SR, FMLE &7t
82 NCEat7)Al e Aiteleh ol4e] FMms
ol 57 Ao FzA FHFH e wlg EE g
R AbEE B FFgoll iR A7) Fig. 1 o
Ajslo} gt 1

= s
=43

Fﬂr

3000
>
g FML
c r-
§1000
o s |
S 400
[
3 FMG
e
o 200 |
E] FMC
€ 75 ]
«
FMM
25
10 25 S0 100 250 500

Number of Different Pasts

Fig. 1. Relationships of Types of FMS Number of

Parts and their Production Quantity (15)

MS o i FiE2aTe] o3

o L Hofl R A FAQ A
A 2 ]
7}+=]

2 - 2.

FMSol| 4} 2
o] A Faisle AA Rkt
Z A Helo] BAHE TE71ERk] F
Fokeolth

AAlEokll = HEES

HA, Z1Ae R
g gk NCE2T)AlS] Al

A2 95 A

78

2ol Ad, AFFTFaddv)e AA, AFH
Alaglo] A4 4 Alagel mE T2 45 E
g sl AlzAl Lo #lo]o}$E (layout) 9
A Gl Fadae] FAeln, o] zbzte gkl
3 E3tgk Aol

T8 7IE okl Ak AAAI D EA, 717
Fobell Baie] He ¥F, VA, £28 5o
2E3HEA, xgu]—aﬂA el el BASHE 7

ol c},

FMSS] AA 5l S50 B4 9 ol ohg
A sk AR A galoldubbol o d

7129 AFAH}E Aure] vagch

A ol )% AT T Eel A 8oy
2 18 2ol Ba|A Stecke™® o AFEE 5
7h2] Fokol wial A At wed, (1)FolR Al (c-
el)oll 4} 74-Zo] l5at 7 E%e) el
2) A S hE e 8% & A 7

Al F 9 3 ol tgl Stecke™" ) Kusiak!® 2]

44

L

AT, () A A4 FE *LDH A A e
AAste A EEA J WAd" ¥EoF
o £85& Fg3l9 z‘%—%ﬂloﬂ & Stecke'®
o AT, (5 71AIRE 2AEE EAel

Stecke'® Stecke} Solberg'™ =l Kusiak?® 2] of
T 5ol ek ol AdFeldE 0-19 AY
(linear) == v8]A3 (non linear) AW L =
2 Abg-sta glen], mulsialgols e sby
= Aol He g delels
| Aol A"l 2ok
@, ol 7)o] & (gueneing theory) &
FMs Sl 45otel Blel HEHS AFE
9] CAN-Q (Computer Analysis of Networks of
Queues)? 2} Hildebrant®] MVA (Mean Value
Analysis) 3 MVAQ (Mean Value Analysis of
Queues) ¥ Zo] g9lrl o] 52 FMSE 4
71 E 2] 2 (closed queueing network) & 7}3
she] £27 (blocking) o] dolubxl shhe 7}
Xé%}ow Azgol bl ezt H9e o
;].]al:x!o] /l-l.‘_-_ﬁiy}.j—‘_ 52 4 Qlo v g FMS
o} zlo} E o 27 wWElsil 7ol = AlA) 8
ol oJgith 2y CAN-QEwle FMse] o}

N

=4

Solberg

Al A



journa!l of the Korean Society of Precision Engineering, Vol. 3,6 No. 2, jun_, 1986
apgl A2l 5 EAlel iE el el g5 2 zedeld grord 9e) AEHol A2
3 gleh® g, FMsE AHubdl 7]l E 2] A (op- Ao FAHG NAs] mdag S5 2o
en queueing network) 2 7} g A7 7} Buzac- t}, ol wlag ol w]AA |t 53,
ott,®® Buzacott 2} Shanthikumar?®, Dubois?” 2} wlgA] Aol malale] 7 Goli= r§ of
Sl ol e, olEe AN HA 2 FA 7 ok H et
2 dg n8dg Heol FAolct 1o FAle] AL YA A ZAAY,

AsEl Al Falo]l dubfol 2lgh ol & FMS
o] A1 g3 olg (simulator) & 7|rtel HAgh oAt
o} Hg = AzAagdd g Al Faeldal
& AbEshe 2 7bAl e Fx °45}7} ek F-
Ms A galo] e o] AHEAlellE gEAel  Slvhe
thd o] glet Abg-of ﬁiA‘é“ﬂroﬂ of 2 7}%]
’(]gaﬂol Bl 7} Autslo) Abg 5l m glch® 3l
Hg o AlzAay Hee £2E dofE
A&k Fms el AR Bl gl I HFE A
Mo} AF7} grol Alaks|o] lpsnem e
of| 8] £ A}

A&

)

(S

o
s
4
mln
Lo
A
}:o
Shd
o &
‘1 r
z =
w
-+ ji
find

3 7F, Aul A, 7

ZL
o

3. AzAxY mde)
A4 " SIMANZ] &

Az e malale] FA

= FMs e A
gllold <lefeoll &
FAl el ghet®

EU Rt

oJubdel Al EA 2 E 4wl

dbe SlaA WE AE
o chaa Be
A) 2 4] =) o] 4]

2ol AlE

@) A4 AEG odeistx Aadele 2
2l g sjibel Macro 2dll 24 x| she FA

(3) 7+ 7bEgeol FAAEA o THEEAE
al A1 7k, 7FBAIZE, 4o BTl gk shEEel
2o BAol g meld 7y

(4) 7+ zod A el 7ke] zhof¥-she| dedol gk
2} 4] (resource) o] A F & F A

) 2hal b <] 22wl o] A Fo

79

S

) ¢ 8o ¢4 5
o 8D A BNl R F)

4557}

shrbzt SIMAN

o), ols] A4S chyol zkers) AT
3 — 2. SIMANZ2] E4]
SIMANSl Telzle) JHEQe Aage] A
A EAql EAL Aoste Al 2ol (system

model) 7} o] w2 AFelol] A

Aol e
g 7o)t o] Hg AHolste AFA = (exp-
erimental frame) 2 FA=lo] gl Zolc}.
upebs], Alaw] mulo]l Wdel glo] ghx] A5
oldel sk WAL Y oA oAeihA e 4
satoll Al 2} Al gello] M o] 7k ajrt. B SIMAN

2 o} A 3} X] 2 ® (discrete change system ) ol
—’f,—ttiﬁ%l_/:.%‘ (continuous change systemn )% o]

A} - o) &

#38+A| 48 (combined discrete-cohtin-

uous system) ©] 3 7}z wl-g s}l K|z
rdg Az £ dE= B4 7b2l 51 elehe

9.
©

SIMAN-  olubdel Al ~gel el gl ¥
Il

AR RSN
Fg g wohiel,

Aol ol A awakgh Azl
o] e Algaoldel mallal Ao A
71 FAAE A dHEE 7 U wEe
E4L 7hxla ek

(1) STATION & 2 (block) &

ol o] mulladel 7%

Foofe] Aol zheiAle ol

U

2l & alibe] Macro Submodetl 2 mdl 2l of 7}

7ol

(3) TRANSFER B- %3} SEQUENCES 242} A}
Lol ojg 7tEFAMY =rled
(4) SCHEDULES & 4ol 2138t =}2] A7 53 (re-

source scheduling) 2] =&l
(5) TRANSFERZ % 3} CONVEY & &-& A}&3&

) A b 4] 2R o] e
SIMANS] £ T Eg)o]e] A1,

Hd, \:'cg__IEIO] E1 e = 24

i 3

2 (block) ¢j

N
ol A

O



MERME LPOIE 573 %, M2, 1986,6

HEL A FH(6)E Hzulaic}

o

4. FMS A R-F
- Z1A2E 2 ¥A471H Mg

4-1. FF-71A2F3] A8

FMse}l E84 AdAlel 288 A Aatey
del Mg TR AP ae] HAsw o
ol Aakl FMs e Alag T4 sl B2
1A 2557 6T Adol] JsiA A3 = of
°F &t &, FMSollA JArg A EE & (produ-
A FF2F AY A o) R EaF
=9 gl Wad NCEFEI|AL gaw o
TE LA AZEE AN, AARE o
HEE ol & JRAHQ st=golel T4 gl
Arl i A8 AA)sted SH2EH Q) FMS ] A A
"4] bg skl opgho

F-71A2F] g4 gele Ay,

AAZEEAY EF2EH A 2o 23 uby
ol Sleuh, AdwiwiAA el 2o wwd A
A5 &% A (Production Flow Analysis, PFA) o]
FEE HITwolnh YAtz E R Yo Burbjdge
D7t Hz2 SNE olelE, McAulleysd] §-4f
A A4 (similarity coefficient)® o] 23} LIS ELN
McCormick®] 3ol =91y (bond energy
method)* Kings} Nakornchai®] Rank O:-

der Clustering (ROC) ¥4 Chanz} Mil-
-ner®} Direct Clustering Algorithm (DCA)*?, Ku-
siak?] p-median 3 Pal-2 o] L Wl py-
rcheke] YYEE ol 8 B® So| Aslo]
At

& ATelA e 71EY et EEx o),

tlolete] wWslol] Attgle] YAg AN A
T+ e M2E FE-A2Fd F7YEe

Hsted A qhgheh,

ct mix) &

»E
ANA2E WA WAA A1) A
BAEEFEHE Y E9 N FYd 55 B
Al F-EF 7lﬁl:L% A wyesz,
dpH o AN BEEH, BN 2§

4 -2,

80

43 GTeil (line) 3 GTAL (cell) 8 ¥4} 3
WA Z AR YAz EraE oA
€ A A Aol FolAl ATz ARE o
£ 3}e] B-E - 7)1A 8 & (part-machine matrix )
& el o) AEE AR stel Y EIEH 7]
A 2F5E AAAez g}

Fig. 2 & ¥ F—71Asad o] kgl ¥ 7o),
#gade) 84 aij (i=1,2,
m;ie FEUAdLoln, j& Z|AQINAE ®
Aol 1=& 09 g kg o] ¥y
H(FEe 0% 9v|F)

F-E b 1AM ZHgEE A8

1
a;; =
’ {0. F-F1 b Al A shge) b= A
o

Machine
Part Mo my m, M | M
P, 1 1 1 1
B 1 1 1
B 1
P, 1 1
3] 1 1
P, 1 1
Fig. 2. Part—Machine Matrix

= ZIAgaENA 2 & (row) H d (colu-
mn)oll i au2l ko) &AE 27 Ry C,

gt 3hsd, ohgah el Fojxicoh
R=% a, (=12 n)
2 (2)
C,=% aq, (1=1,2, ceeee m)

Z1A m,AH 7 $Ee JYe AP,
2 e, Fig.29 ez P,= (P, P,



journal of the Korean Society

of Precision Engineering, Vol. 3, No.2 jun., 1986

P, Pt oli P,={P, P, P} 5oz riebdl &
aleh o] ellell A POP,olm® 71l myell 4] 7}
FEE 2 RS V1A meell M b of 7
R B e e I e s G

AHel JEBAE wAFoRg A ge

W 4ol shsaiet
sefel AA meok m, (kg k—j—1,2, o,

m) ol A 7bEE L 52 34 Peot Pooll oisl
A P1Alm,E 7IFoE 3 Pest Pao] Absated
= r 5 A3 3te] A ejghot

. :n{PkﬂP } / TL{P,} ........................ (3)

A3l 4 niP =

olubH o 7
e = P
of A 7} 9low], 1,9 ?,k»f’, oy =12l "
Aol aler, o414 ry 9} ghel webd o 4

g Pysk Poel AL o 4 ‘ii ek
(1) rp= 12 Aol A Pei=pu2l 2l 4]

g} (super set) =3 3 RPsA= Pro] B0 ﬁ &

0 3 3 ope2b poir MR
) A7 e g s 43tk (disjoint
]} EES R

71 H meSt moi=

Aol ard slnlghe

<}
k.

(3 re7b 0 <rp < 181 5ol 33 Y‘A:-Q‘f‘ P
oA BEQl Sk ek qldbel Al
QA ma yadae WA wes 2 4
ol ek

whel A,

s.e MG GEaEh w0
vl kel A gite ) W ARk ahd,

[&]
Srgrel el e Al =l zh AL G o= 1,

......... MM A o] solu] M < pol
chyel 4] 5in shgel ela st Yol ghalqb

(union) & 4] dhufobu, gekel wla] b
Bpol Bhal 4t M, (niGe /ndnd) el 3hE

gte A ol sbells @b gk of 714

niGet-& kst iz} sl F-Fo] A ZEC

q bgel sbd wdAE dhebdel, nin

ghefaliof g X po] mavhrwre] HF4E
o) u] gkt
ol 4 1 AR vlEE shed AR E - 7

P et | o) mbA = 7] ¥ 2] Az} & g oksl] o}

&t ';%r}—.

1 -t;:f— Mluunow Crl=1.2, e m)
of @& Al C .ol ghol Zobabal b= el
= sl el g

2 ra (k—j=1,2.3, e Vo)l ke e sw

3.0 Rol 7 3k ool 4 py, =1(x},
k=jal 53z a8l al 7144 (machine pair)
S gl ate] el AT i 9 a5 A4
oy abw) 7

VA g WA ek,

2135 1A 7 Al sLEoll atulks)glowl x)
Al A sbs, cieial sbe.wd qherelof @ 714
“9] TR I A S S I d SV S e I
ol Al Ao dhekghef

107k AR el AALE Cool gkel S

k2l ¢EaT v 7k vl g el uk A B
i ot o},
5. {07k 71 A el tHv—é

(20 Habol 1Al ondrell akebE] 9lend wl
A 6ol 7ha, et ?—’L.O-‘{"{ Aluk of) AL

off th el 4] mitiyt /n{ } e

"

A skatel ol

whol vhab 3t AUALLE 0(0=1,2,- 0 M) el -
’)'iV_LCL
6 el

2o} ghol ghaisbal bl 4w crE ol Ak
% agteh,
nel spge A el

HAdzbdel i, (5)~16)2 7F A Lol Srelas

R Aot sk, v o

erel Al 4 (1)~

Y ONE g ¥
A

& g alehis shgelrh,



WMERRTE TRAE 3%, 29, 1986.6

4-3. 433 7ge g W A
AR Z1g o9 FFel gl A o o
54—1—3—# N2 A7t 2l A foll A &8 2ot
Lol f-Fo] el 754’—

~M.4 AA gl G LELEo!

£ RE PFo] 2 AAaFolMY LE Wa g
el REAE A, F, o8l EFol Ux A
$oll W3he] Fig. 30l Fol A ABTSl  ohahA
4ol 2o},

of ¥l Rajaiel AAATE Fig. 42 7
om AR Figo "HEAnE A)A2Fo] {m
16 Mg, T, M, Mo, § A Mts, Mz, Ma, Ms, Mat, { Mz, Mz,
Mao, Mot B 3707} HAAsvd, 2 74 259

e FEaEe {Do D5, 0s }, (D0,

olel HZ A}

{Ds, Do Do Do},
Dr, Dot 22 Z4ZF P A H o)
Fig. 5 ofl Fo{# g},

M/C NO
COMP 1 2 3 4 S 6 7 8 % 10 11 12 13 14 15
NO.
1 1 1 1 1
2 1 1 B 1 1
I 1 1 1 1
4 1 1 1 1
S 1 1 1 1 1
s 1 1 1 1 1
7 1 1 t 1
8 1 1 1 1 1
9 1 1 1 1
10 1 1 T o 1

Fig. 3. Origina! Part-Machine Matrix ®
Case for no exceptional elements

L 00
.00
3,67
P et
L00 O
.00
Q.00
3,00
0,00
D.00 0.0

1.00

0,00 .00

3 31,00 0,00 1.00

1.00 D.O0 1,00 0.00 1,00
1z 17 2 15 7

Fig. 4. Matrix R-Computed Value of r,
i M/C NO. ] o o)l - 1.0
COMP 14 9 4 1 61513 B S 3 212 11 10 7 (2)oAl ] HEF2F o277 7} Q= 739
NO.
o A9 ¥ Fo] ol EAlel olwl AA7 2 sho]
4 1 1 1 1
soria Aol AAA gl Sahok sz ol A} e
] 1 1 1 1
: R Aol ehstel Aural Zlgel 488 Fig 6 ol
B8 1 1 1 1 1 -
1 1ot o1 i AFET o] A gl B}
7 | SO S . .
10 11111 Fig. 6 2] =} 5ol oigl sfaryl 71gg =Hgd)
A} Fig. 7 o Foi
Fig. 5. Final Part-Machine Matrix
F |
! M/C NG M/C
;conpx2:45@78910111:13&414 | COMP 14 I 4 1 611 212 7 6151310 9 § S
NO.
[ 1 1 1 1 1 1 [ s 1 1 1 1
| = 1 11 1 1 4 PO T N T §
| = 1 1 i 1 =3 1 1 1 1 13 1
| s 1 11 1 1 L PO 1 1
-1 1 1 1 1 1 1 [ S O
’ 5 1 i i 1 1 | & 1 1 1 1 1
7 1 1 1 1 i T 1 1 1 1
! 8 1 1 1 1 1 ‘ 2 11 1 1 1
9 101 to 1 -1 11 11
l 10 1oLt 1 1 L 10 1t o1 1
Fig, 6. Part-Machine Matrix | Case for Fig. 7. Final Part-Machine Matrix with Exceptional

exceptional elements and bottleneck machine

Elements and Bottleneck Machine



journal of the Korean Society of Precision Engineering, Vol. 3, No. 2, Jun_, 1986

o 7ol poit po7h ANAFFoIL, meol 2
Aol AATE G 3 Gooll Sk sz ol
2\ A7 et

A AYe ol El AAY £E UE
A%, ohzAAA olE A% W olEe) mge
2z g4sie el dald 1 AzE Aol
o 4+ TAE AAHA He B A
=% el %S Agleh 53, ol ¥Eel
gl 7ol the 714, o FE® ROC whaiel
4 D i

A vhehdEd v AR AEe
Ao} eloialm BAlol of 9| R Fe] S5 2

stxlol 2 71y ko) 7t s EAdelch

5.SIMAN-S A1-83% FMse] =3 31 24

5 — 1. FMA 2] SIMAN =D & 2] Hx}
SIMAN 2] A2 Egloje] FAS sl FMS
o] T3l SIMAN 8] Al Eallo]l 4 malled
sl b, AA AR 2w 2] HbH
ol A Al Fe] FFob Wakgake] A= WA
GTe Aol oaA ¥ F - 714 2FE A%
AHe AL A FMS2 FaH AA F =
Aole] F4 5 Adeje) x| A 352
2 gk, L ohgoll FMS O] Al AR Bl ah A] A
o] A $8&27e el Ad =21

w2 A o] 2721 F AdAA Adrts

AAHE AL

3k SIMAN 2] 7 3¢l
of Abgrtel Edol whebd o Alo] W -

shg wAsted B 2ol
A Ao AAE Qech o HPg wAE
= vhebd 7o) Fig. 8ol Feid ek,
ITEREC BT
Hezel Baw, A4 FF F
olvb AFAFAL FAF A
Al

=

7}7} B astel, 53|, FMs e

83

[ il ididieliedi ol |

(System Design of FMS)

Aggregate Production
Planning

T .
! Part - Machine Group
Formation

;

Structural Design
of FMS

[
|
'
|
)
)
1
[
1
t
1
{
|
T
{
'

(Simulation Modeling

system Model

| of
FMS

of FMS)

Design and
Operational

Conditions of
FMS

L

v

SIMAN Computer Program’
(User - Written FORTRAN

~_Subroutines)

1
1
b
v
|
'
i
i
0
H
v
)
!
1
'
1
1
i
1
'
'
4
1

Run Simulation

l

Analysis of Output |
|

T

¥
{ Optimal Design and
‘ Operations

Fig. 8. Modeling procedure of FMS using SIMAN

5 —2. EYAE A=A AA QL A}

ZRAYAulefx 2 FA = Job Shope] =&
FMC 2 H3HA]7| = A7 o 9 7ol ke oot
#ch

(HEwe) A4

o Fof kel mw) e Schriber®™ 7} GPSS Bl &
F A8 Job Shopolch Foixl mule 670 4



MRS TR eLE 3% 29 1986,6

old ZIAlagoz T AWl H 2 5}
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Table 1. Thypes and Numbers of Machines

N mber | Thpeof Machine. [Tem e oA
1 Casting Units 10
2 Lathes 4
3 Planers 3
4 Drill Presses 4
5 Shapers 12
6 Polishing Machines 3

Table 2. Visitation Sequences and Mean
Operation Times for the Three Types

of Jobs
% of TMachine Visitation Sequence | Mean Operation
Job Type
Total Jobs {SeqNo, Machine Type Time (min)

1 24 1 Casting Unit 125
2 Planer 35
3 Lathe 20
4 Polishing Machine 60

2 44 1 Shaper 105
2 Drill Press 90 i
3 Lathe 65 4‘

3 32 1 C asting Unit 235 T
2 Shaper 250
3 Dnll Press 50
4 Planer 30
5 Polishing Machine 25
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Fig, 10. Experimental Frame for Job Shop

Table 3 . Average utilization of Machine Group

Machine 1 2 3 4 5 6
Group
Average
Utilization 35.3 27.7 20. 2 46.5 34,7 24.9
(%)
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Table 4. Number of Machines in FMC

Number of Machines

Machine Type Cell 1 Ceoll 2 Cel 3 Total
Casting Unit 2 - 4 6
Lathe 1 2 - 3
Planer 1 - 1 2
Drill Press - 3 4
Shaper - 3 4 7
Polishing Unit 1 e 1 2

Total 5 8 11 24

A 17k A geel S Aldl kel rh FMC ol
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Fig. 11. A Part of Block Diagram Mode!l of FMC
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Table S, Machine Utilization of FMC

Machine Cell 1 Celi 2 Cell 3
Type No -of No -of No-of
TU AU TU AU TU AU
m/C M/C M/C
Casting Unit 2 101.8% | 50.9% - - - 4 253.6% | 63.4%
i Lathe 1 16.2% | 16.2% 2 94.8% | 47.4% - - -
Planer 1 28% 28% - - - 1 32.6% | 32.6%
Drill Press - - - 3 131.7% | 43.9% 1 54.2% | 54.2%
Shaper - - - 3 151.8% | 50.6% 4 270.8% | 67.7%
Polishing Unit | 1 47.8% | 47.8% - - - 1 27% 27 %
| I

Remark . TU =Total Utilization, AU =Adjusted Utilization
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50
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- 40
odzb A galekg Aalslidl £aEE 7 5
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Fig. 12. Machine Utilization for Job shop and
Table 6, Comparison of Number of Machines for FMC

Job Shop and FMC
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Table 7. Number of M achines for Machine Type

Machine Type

Number of Machines

Computed Value Practical Value

MCT 1
MCT
MCT
MCT
MCT
MCT

[~ R A

Line Boring M /C
Cylinderical Boring M /C

Washing Machine

94
94
94
94
04
74
18
27
90

~ooooeo oo
Mo o e b ps e e e

(Remark) MCT==Machining Center

6000 6000

14000

10 : Load / Unloading Station
11 : Tool / Fixture Change
12 : Cart

2000 6000 | 6000 T 6000 |, 6000 l _i
| .
el e ]| | |
3 4 5 i !
ool o] 1 I
T o O uR LA
{ | ]
I .
(Remark). 1 - 6 : Machining Center 8
7 : Line Boring Machine
8 : CYL. Boring Machine |
9 : Washing Machine 1000 12000 1000

Fig. 13. P

roposed FMS Layout
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Table 8. Annual Production Quantity for Product

Type
Product Type | Case # 1 | Case #2 | Case # 3
P1 2,410 2,410 2,412
P2 357 - -
P3 - 356 -

Table9 . Time in System for Product Type

{(Unit ; min)
Product Type | Case # 1 | Case # 2 Case £ 3
P1 1,207 1,191 1,032
P2 1,316 - -
P3 - 1,763 -

714 2] 385 7} Table 100)] 2. 2Fs]lo] 9l
ol ghel ¥ Ala) Alslejz el Alg A9

= (<] 1O -
ol F Ee g Bol F3 9]

88

FrrchE ol

ol abel FA Aol o AAG FML A A
e AAZASE FFA7S o 5 2 AF
ol Aol o]3t AR ks AAlsta <)
o},

Table 10. Machine Utilization

Machine Uilization (%)
Machine Type
Case $# 1 Case # 2 Case #3
Machining Center 1 0.98 0.98 0.98
” 2 0.98 0.98 0.98
” 3 0.98 0.98 0.98
4 0.98 0.98 0.98
” 5 0.98 0.98 0.98
- 6 0.77 0.88 -
Line Boring Machine 0.19 0.19 0.16
Cylindrical BoringMachine 0.28 0.28 0.25
Washing Machine 1.99 1.99 1.99

(Remark) Number of Washing Machine is 2.
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