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Performance Evaluation of Closed Manufacturing Systems with
Sampling Inspections

Hyo-Seong Lee

Abstract

In this paper we consider closed flow line systems with sampling inspections. The total number of parts
in the system is assumed to be N. The processings carried out at each station do not always meet the
requirement of quality. Therefore, upon completion of its processing at each station, a part is inspected to
determine whether the processings meet the requirement of quality or not. We assume that inspections are
done on a random basis, If a part is found to be defective by an inspection, it is fed back to the
appropriate station. Two different cases will be considered in this study: a three-station flow line system
with infinite buffers and a two-station flow line system with finite buffers. For each case, we will develop
an exact method to obtain the performance measures such as throughput, machine utilization, average
outgoing quality and manufacturing lead time. For the case of the two-station flow line system with finite
buffers, we will also develop an approximation method using a state-aggregation technique. Then using
these results, we will try to find an optimal inspection policy which maximizes the expected net profit
under a certain cost structure, Although we present the results only for the two or three station flow line
system in this paper, the results obtained in this paper can be extended easily to the system which consists

of more than two or three stations.
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22X #AA MEREE ?-—,—3}1] U i S R
o SAste FE Fu Zow EUdd Ay=
ZpEd dEe & %C’%z—t— Zigeltt, B 47
dMe EFAF R¥L ddASE myos 2
Atgl ez AEEY £ Az dolg
(transition rate) & 7844 Hw, 2414 a9 F
Bz 9dAZ BYoMe AzeEgte] v}
U gH02 44 He sl & 97

r-ir: e

ANE BEAZ BN AYY P RE
EE80 VAAZ RPN a% 7] RE
5583} 9K HEE UAAS RHY R2EL

<)

T FOE2H ZAHY 8o FYEE wolux
o 29 oA 7hEg vl Qe 2o o
T 7S A9F oA 2 vUAZE WEYY 4
EZHES o 3} 19 19 EFAE YEYLS
a¥39 gUAF vEdos T g

19 39 7N EYE g FT FolAW o
EAZHY vt3E ARJOR i BAse A
TR °o]F At A2 AHE de 2
o] 44HE gt

bt AU 10 BAFU(RYY 2= 2749
3 Eo EAW)

oAU 1 R REo) EAAAY 2
oA 3o REol ZAsE LY 2y
A @), i=12

be AU 27 RAFY(AYR 10E 249
R Eo EAY)

A2 o) FHE olsizte] Foatd nlmE A
Feiadol doloial e 19 49} o] RYPL

g1
\
o 7] 2 3
2 1 Q2

:ulypl) al

Q22
\
) 7] 2 A
A} A 2
g2
Mo, D2, Q9

(A 3 HAAZ02 ALY HYE I |HEYT 28
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Hody

142

(ARG SLAZ HAE 7| EYI2s el A0l Clo|ola2

J¥ 28 19 49 8w By 1Y 29
e FElEe] 1% 49 & FHZ E§E A
A5E ¢ A &, 29 29 A" (2.A)%
(2B)x 19 49 4H 22 £¥9A 97, 1
d 29 471 AH (Lide 29 49 4 12 £
A lem, 9 29 871" AE (buii).
(bpij)= I9 49 48 b 22 EFHolA 9
% ¢ F Ak g8A E5AE yEds o
dAS HELE A AP ALARE 1}
FH ALY B & 24F7] 939 AHE
F1HE A4 AYE ¢ F U 2@ 19
48] oo golojIW M mR 4 g; Rol
B2 2AHH 7189 FAEE ggte] dehg @
dAe2 2 HE sl gEdee ¢ $Un

38 494 & F ARe] wdAZo2 Zalstg
W7MEYY 3412 AHL 24-22 33 (birth and
death process) oItk @b o= L2 g} Hojain
Azg e bR Ade FFe gen o] 7y
789 A £ U

P(bl) = 1

P(l) =PP(51),
P(2) =pH1), (14)
P(by) =pP(2).

A HRO, qftT 2FEW #4-29
T4 ¥o2A drMEY Ay
T 7 o B dFdNE guAS
YEGAA Azt BE 5§80 244
T UEdN AYP7tY RE 3587
48 AEE g;#E AT o1 st 9 A
EFAS MEYY EdYg PA4 L o 7 7
AEE AUH HEES AS¥E 28 B4
AZ HEde Z28g $dL 19 12 By
a3t Zo] Fojzd,

(1) (2A) (2B)

(1 nar 1=p p(l—ay)
Q= (2,4 1=poay pray 0
2.B 1 0 0

n=12 ¥ =49 354¢ E9 1 23
£ e 2o,

5] =1,

1—p
V4 = 1_1,2;,2- (15)

va,p =p(l—ap).

rlo

4 (152 ¥H 293 29 404 $Es
st 2ol FaelAlh

1= pa1— p1psass D110y
1-pa, ’

n=ventvenp =

(16)
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g GEEERRER

A9 29 REF AZ A 3 REY
HE&E Ba A Bl £de

Bpt B 4(15), (16)22REH 8,9 Bp=
S Zo] mdE

_ Yea
Ba = Vs
_ 1=,
T 1—p,a,— as—p 1 paaa;y’
b a1 —p 1h2az 1212(17)
- Ye»s
Bp = vy

2.(0+p saia;—a ,— pray,
1=p1a1—p 100, )

H BE4AZ YEYAAMY
AL RE ZELL 9UAS YEYIAY
AP RE 55 FYEA o 2= A
SR8 g G Bo| Pk At
qu = ha,
g =1—aqy,

(18)
gn =1-—Bapas,

a2 = Babsas.

<3

&3t 2ol AN g8 B4 B9 B

FE F A08)9l As qake FoiA =R, 4
(199 93 44 %8 7€ 4 Uok @
B4Y Bl Tae] AW AN2de 5@
A ngst 2ol Fae A

U =Pby)+ P(2)+ FQ),
U, =P(b))+P(2)+ FQ),
Xa = UpaBa(1—p3),

X = Uyupq9 — Bpay,

% (19)
AOQ =1 — =&,

X
=N
MLT——X.

o) e A HFL AAF {9 WL 3
717 Cli=12)013, Bale) $71 N9l durzel
A% A8 shgait B9 Aggos 7
A0 e AN N2de ASok olg wy
A% Z¥o2 ZASsE hr3re 37 o
B9 4o BAgle]l FAF HHL P4 242
2 o] ¥& BY F gtk olg Zwe] 99
A 10 2AY £ Yk Ha REFE g4 Y
1o EAE & A= A RESE pe @4 1
HA z=max(0,N—Cy), n=minV,C)% 7
o] REE ¢4 YW 13} 0} ¥F 2y gy

A& 5 N> max(C,,C,) ¥

492 HHXO| Clojol1y
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F AT N max(C), €8 A4E AMEA By EIOE A A29 #4 By m
2 93 AR 1o] TS AHE b, Bt T EA-4E FHolnt waM o3 T 2RI
FASA o HYA 1o e BZo) =) AESH FEE 4A 7Y £ deH, g e
e HHE LAY 27t BAGH HHE b WgLY Az B F9 @AYol 4
% Bejstd AEdol tolejade 2¥ 59 (17), (18)& AHE3t] 78 4 ) o4 W
2ol & ¢ & Utk Holl s 7 Al2dle AyHrAse 2
N< C8 Z5de A9% 28 24 s8x At oL} olF AOQW A& otk gukst
BRI NS Cy o ZAsole 393 10 24y d AOQE i@l o 4d3 AFHL 9 7
A @t o] A$el Agdo] ooy el o) 7 qghe BeAE yEYY
Ztzt 19 69l EAE vhs} g} dAS JNEYY AJAL 558L FYUsA

dAFE AT o7l g ol

ragy (o st B 2o ALE 244 Y9 3R ¥

o.. - ' - o) Aokl BE AAE Fokel AUL ol
a1z #1412 Q. =

Ssit 49 A% 244 Y 2

N<C, 9 A3 = AA Ak MEZH 20X AY Qs We 3

#¢ d90 LAY, 1A% BReH 44

s~ izt o g0l BE ¥& A4dE 243 ¥el 99
G-’ . . *O::GD 2ol B HHET do Foigol BEHY
e T e o 2y o AE 2Ae) HEE T8 Hon
N<C, 9 5 #3e0) 05 o9 FYPe BURORE Ag =
ASA @ems B AT ALY 24 rjye
AUR S s ALY + 9= W9 48
& Zldoleh WUt okl BIgol we AS
(BADSH E&(AA2) F71 EHQ A9l o)
39 5% I 614 ¥ 4 AR BAAZ @AY A% AP

(A8 6) N<C, ¥ N<C, & Z#=9
SETO| Clojof 1

<°ﬂxﬂ 1> C1=2, C2=2, N=3, ﬂ1=1, P1=0.2 ,(11:0.6, /12=1, Pg=0.2. 02=0.6.

e A L Ly U Up X AOQ MLT
283 5 15055 1.4945 0.7540 0.7458 0.6273 0.1259 4.7822
ALY 1.5055 1.4945 0.7541 0.7459 0.6274 0.1259 47816

A 2) C=2, C,=2, N=3, y,=1, P1=0.6 ,2,=0.8, =1, P;=0.6, 2,=0.8.

e L L: Ui Uz X AOQ MLT
289 9 1.5589 1.4411 0.7874 0.7002 0.3339 0.2743 8.9858

AL 1.5584 1.4416 0.7922 0.7044 0.3359 0.2743 8.9319
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4 BRI R

49 dFAA B F Q%o BFgol vy
RE dA 19 ASAE 248 7Y o8 7
A de A A AP BLEeH 7
Abgo] BF E& dA 29 Afdm 2AE
WP $EEE & oYUk B o3 o9y mE
A9 AgAME o)t FAIE FAs dojze
B, SellA A9 vl gol ZAHY s 9
8 et AOQE dAsY} SUS e 7
& & dAE FaAGME FAY 5 Qo

4. HH BEE AA AA

S8 AEY AA Yol tstg Axme
TEHAE 7Y £ A H9, o5 o83y
A YSIHAA AL 78 ¢+ QA "o B2
FANE gy A7ARe 49 N2 7
AL AAE FEtEY oA §EE £ YEX
g9 B3 @ & AFME N2d 24w
T ohg 2 Wgo) BAHYT SHA
doh AGF M A 98 o sg
CL (i=1,2,3)9 ZA vlge] 2A4s0
4 A 1A HEEY AL gAY
CO; (i=1, 2, 3)9 71A7LE ¥)Lo] WA
o EY HF AAAFo] FEY AL Y C,
W] olojo] WA BAEQ A AY Cp
TE ool WAFTIY AHFFT Cp Cpie
2z A Bejugols AAA 1L W uL
o2t A # o mald Cpe L9
HAts A= E3 2 oo He
Z SelN HAH MEY FALALE F= 54
5o FEAY EAZ A,

tlo

-1

rir

- B X M - 3 COLUWs
st 0<a <1,
dAE B d¥s £ ZdF A7 Ay

A g5 FA FhH(ocal maximum)eol
EAste WS E73F Bl (behavior) & 2+
°f #%F HAW wmEM dwrEd gAYy
(search technique)& AME&® A Iy
WA 7] A$EZ AdFY 7 BE A=
A EHOIEE o9 (simulated annealing) 7]
ol #3H ¥ E(genetic algorithm) 7]y =
< gAY T4 FUEAA el ¥ & 9x
5 e Aol uigA drp B =29 AL:
24789 74 34 oldtelxn, a,9 W} 0ol
A 1A R AgEY loeBg Adsts god)
A AAGAHenumerative search)& AL 3ol ®
Bl #E A Wel FFHE 2L 5 YA
29 & 479 @9 #E 0%E Az |
of 2% 9 714 00018 2778 EFgs
#E AME F o)F Y e Nz F=
a=(ay, ay, @3)8 789 o7} T AF ZHA
4ol drh,

AN HdEg HE RN grFae
2717 FEF AN AYAoz Y A
ALY HF AEY HA 3L g8 dojA
T3 £ o},

i=1,23
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A A 3)
N=20, p,= po= p3=15, p= p,

= p3=10.2, s1= s3=53=1,
CA=6,CB=‘—1, C11= C12=0.5,

C13= 1, C01= C02=C03=1

dqA3e] SHANTF Zldede Fuslsle FE
HA AP 73t B g =a3=0, o,=1%
A 2ok A AARHE AHEE A5 @A
Z /1S 1339909 H7F &4 FAL 02
7b 8o ES Z} AgAelM Y 7 Ae gL
U1=08271, U,=09926, U;=06617°|2, HF AZE
9 e Li=43597, 1,=137119, Ly=19284°] A
Y A AgEs HE Ax gy
20.1501°) ¢},

A4 7 EYS Hfole dANTT A

S FUist AlE Aol 88 BEs ¥
357 Bk 53 54 AdQA) AFL ANH
22 gE3E ASde H7 £HEFE) 9F
g 3k olgtE fAFH P }dE 2Ao S
57 Bk oleto]l 97 HE HE 2HER,
£ & FF AWM AAEL 3 A7
AT AL g9 Ay EAE =L
o2H 7 & A

max X(N)

s.t. AOQ<E

0<a,<1, i=1,2,3.

T FESN trRae 277 3
2 FAY AYRos THE AT AL A
299 J5 AARAE g ol Fa v

CEEY
C1=2, C2=2, N=3, #1=1, ﬁ1=0.2

=1, p2=0.2, £=0.15 .

B £H4EAE 015 olsk2 fA BN A4
£¢ IUssd 3= 343 AAYAE Paq
W =0.974, 2;=0.3157} =9 ol
EZ784L 01501tk =3 3 AL AME
At 4A He AAEE 06459019 HF A

HZERY S 46446, 1A gEELE U=
0.8038, Uz=0.6905°]c}.

nﬂ-m}m

ol

T 4 AYAAM AEF AL

FPHE A AN AN2DY H5FHE 9
& 2y B471MES AEsdch dad) o8
EZOE B¥EE FES BT Yleg
Az AAFLE ElolA Artggve @
A 7HA sl M E4o] FAHAT. AFAFL
27 2 3 AFFeE FAHE A2
L B B e ot B g g i i B i
Foll dis) EF B4 ARtk B Q744
= W73 ae 2717 78 A 2" o
A 8 458l +8 HUoH )
Fae 377 HE AL A2dd gsidE
AR B2H71EFH #A 2AA B4719o A
1 S0t & dFeM ANE 244 84 7)
dF9 HFY HeEM FHERe

AT Z¥E TdAF RHOR &N
71l 23 o]Fo} Atk & AFME B
AF ByoMs 2dAS ZYANY FHR

>

4 e 4z o
4 rle
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AR FOEZH ZAH 89 F

FEE %Y F UAUD 2 A7y 2y B

71 SR AEY A Fsteae o

T EHEA, 4T ATEY £, AL, A9

88 47 Az B=EY 5 308 45 ¥

THIE A& Agstd #9. =@ 2 @70
o
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