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A Note on the Performance of Pre-Control
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ABSTRACT

Purpose: This paper evaluates the performance of the pre—control(PC), an alternative to statistical process

control techniques and compares with a control chart considering the tolerance of process.

Methods: The previous studies for PC have drawbacks that PC with two linked stages, qualification and running,

are discussed separately and independently. Hence this paper analyzes the performance of PC by integrating

two stages.

Results: Average outgoing quality limits to grasp the outcome of PC are provided by computational results

for two process capability indexes, €, and €, and the usefulness of PC from comparative experiments with

modified control charts is commented.

Conclusion: Helpful guidelines for quality managers to apply PC in practice and areas of process for PC to

be more benefit are presented.

Key Words: Average Outgoing Quality, Modified Control Chart, Pre—control Line, Stoplight Control

o Received 20 May 2016, 1st revised 7 July 2016, accepted 30 August 2016

¥ Corresponding Author(skseo@dau.ac.kr)

(© 2016, The Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-Commercial use, distribution, and re-
production in any medium, provided the original work is properly cited.

% o]

-1 0 ‘.:o

AT

Fefsta sl Age] olstel 7%,



588 J Korean Soc Qual Manag \ol. 44, No. 3: 587—600, September 2016

1.4 &

714l A 7Hg 9e) ol B4 F4(SPO) /MR 32 E (Shewhar)d] Tl EE 5 4 9k, o] Fol
A% B8 Nk M B ¥R BREE 949 A0 AND FEE B UelE Bstel 349 BAH
gL BB B4 BAH P YHE I FA3kE GUL Bk AT DS Fal A o
49 % A8 Yehil 345EL 4880 aelsh Fata, 40 ergdElel Bee Fol Mg 34
A5 Bow ol ks st

Dot FATG RPoIRE AHA O A g 4L AT UFOR, E EY WIS 723} dv
A o TR, olF EU2 B9 94T 99 B En 9w 94 723 44 Solge] 542

=

+ Pre-Control(] 3} PC)O] i) 0431 7 ﬁoﬂf\i L*E] o] QJtHRyan 2010). 19543 Satterthwaiteol] &%=

HIASHA 0| =}jo] F a3t 7] Al 7}51“51}401] XWLE}E}E g # 9dtHlLedolter and Swersey 1997).
Shainin(1989)0ll wh=™ #e]=o] AREAZ} Bl el S A0 F-4¥ e AlFs Aitele dElE ekl
Aol glom, o) P = drjEte x— R #e|Ee] A9 BdAE AAste 20 ~ 257)9] FiEto] Z
Qg 7@% A4 3PH A, olel] Hkal PCi= FH] &b ol 3k Q15 e 71”—5 &3l o]& AlEsHA W71 4 kAl 4
21 tH(Shainin and Shainin 1989; Shainin 1990). Y& &% 2FGA7} oFghe] A7k F44shd PCE 44

dorw FHE ko] gk izl o] Hil 9]

ghH PCE 233 Shainin®] F-383h= o8] &2 7H* H %%(ShammTM )= o AH QAR SFE ] 9l
of, wl=ro A o] WAd 7194 e] &g el ulsf o] thgk 3 AT g =i 7501‘:} ot PCE o] 7)ol a3
A ot sheA A9 18 BA= Fuds

PCE 3% AFw e Al itHo

flr

_4;0

“‘9“'_%
4 R

r
P HH>

r\:l
=2
e
2.

tl, Ledolter and Swersey(1997)%& W& 34 58S&
S/H 5= o, 53] Z QISuAlA 2EA
Aol o e ZE H7|(F, short run)E
Steiner(1997)+= +Q@A¢] PC 113 % o|&
43t Salvia(1988b)2| 2¢+A (Acceptance Control Chart(ACC))$} Hluste] ¥4 %
A7h 25/22 ~ 5/39 afjof FHE v sjrk Fabar qlek. & 5dAY qfAel i dyrEe
Salvia(1987), San Matias et al.(2004), Cox(2013), Giner-Bosch et al.(2016) o] ¢loH, &gt 2
st dATEE Aesd T AT 9o Salvia(1988a), Salvia(1988b), Shainin  and  Shainin(1989),
Mackertich(1990), Gruska and Heaphy(1991) &°] St} &, PCol H]#¥<Q0 A2+ Logothetis(1990),
Ledolter and Swersey(1997), Woodall(2000), Ryan(2011) %<, °|& 23344 FdAHZUA dAF=EE
Shainin(1990), Steiner(1997), Bhote and Bhote(2000), San Matias et al.(2004), Giner-Bosch et al.(2015), L
2l PCE g 452 5‘3}5& Pan(2007) 55 & o Utk &4 =il A PColl w3t dh=4 A+ 79 M55t

¥
rlr

fu

-

Mool
2

E A
ot
£

N

I o
)
2
(o3
o o
o
=
1o
ofd
o
o
11?_,1'
)
>
)
rir
o
ool
%0,
o
fal
fil

1%
°

wsk
T

=Y
o
£l
T
Eﬂ
P
3o
;@

ki
roE —1> e

]_
52 #4983 #e
=

K
Sl
o
‘

4 =
2 %Eﬁoﬂfﬁb 171] ‘1] 7]’*] ‘ﬂc}"%k 2 O3 o] PCY FEE Fristaat gl
A 9] Ledolter and Swersey(1997)¢} Steiner(1997)21d], PC¢]

= A Ex]Oo
= = R 1T 0=
aLstaL H]E"‘Q el PCQ Qﬁﬁ‘%ﬂ% 7‘32’*3}74] HEahA] ek rAjo] Ay EohEof itk weEbA Htel| A4 AT



Se0, :A Note on the Performance of Pre—Control 589

A o] 5o B3k AAE 98] San Matias et al.(2004)3} Giner-Bosch et al.(2016)9] o8] A4 &4
o] A9l SHEE HAF ©lQ] YAkl Tk T T& E83le] PCe JE ©AME B4 3.14 7 3.2l A

=}
shah gk Ea g 3 AR 19 F R del F #4EEAR 0,5 34 Bitel o]0l

40 1), ol & Hal A 55
FEE Y WA TR FYERS B, B A Bk 247 Relstel dEdta o)
2 ekl 34 o]7 solA] F WS A%E A 0R PCel SAES B7h

AlA el Eek Blal Al A 2 UE sl A7ld 7S vl
sk Aol EFFEA 9ol AFIYE wEbA 44dA S s AW #El=0Modified Control

Chart(MCQC))¢} v]ustas} gk},
8al B =1 280A = PCY 7|24 WHEY §AS UFH, 549 AR = Ao &% 7

PCe] 1A} 20tA ofell FREAA9] HAFH WS Aiets APdEAE OdAR dste] o=t

(pre—control
1k AR, A

USL

PL
X
T

W o] B9lE EEAA T2 0F T A8ai, Fade) &
[ez]
-



590 J Korean Soc Qual Manag Vol. 44, No, 3: 587—600, September 2016

of

B

|

oA

(iii) ©f

= A
=

@917k

i

k)
yul

A

I3

%ol %

=

o0

wir

oji

KW

Ho

€ v

T]
il

I}

1=

do

3

171 4

9

2 olo] g1e18 A}
AL QLo £} g9 Fol7l AX Pomw

2etA o 1+& ()¢} GiDell ol

EEROEE

I3

TE

o WalAlE AFAAE A

3L

-

9

=

=

9]

i

K
TREA ARk A

Shainin(1989)3} Steiner(1997): 3+ TS WA HA}L
kA pPCe] 2eHAlol A

i s

ul
-

ofpy

N

ofpy

2

(D

)

4
9

(1+p,)0—p,)
(1-p,)—pp,(1—p

5
9

p

9

7

I
1 —py;p

13

(1+p,)

5
9

Q:

3. Pre-Control 3% 37}

P

ZtHSan Matias et al. 2004).

19321, Ledolter and Swersey(1997)

3]

ARk A A

N

Markov chain®.& 2] ()& =

1
.

Salvia(1987)

sl

o]-g-¢t WHH(Silvia

)

o

=

o

H PCE HE
Al

Markov chain

L

.

oA B (first step analysis)S E3% A E(total probability) 2

L_q—'

o~
T

= 9
%]

_:—_LL
3} o] Fof

]

o] @Al Fgo] & w7} 9] HAE

[e]

i=]

i o

]

3]

A

(Giner-Bosch et al. 2016)°l] ¢

1987)0]4}



Seo. A Note on the Performance of Pre—Control 591

mQ:E(NQ): i4:0 = 2, 3 171 —1 2
y y

Wef 4 ATEAR dolstel 844 TSI AYRAR Asteiehe 3991 A lom a9z 44

2}
= 7S & BN g A 7)ol o] WAlE T wizkA] Qe T ARl 71 HEHATIL
Average Total Inspection) A77,= Th3h o] 78 4= vt
ATI, =22 (3)
Q PQ

o,

0 34 F85EAFE 0,9 ¢, d W kE FEXH7/2) UF FHH(Figure 17 2o] 4 F%
) L 25E 9] oSS UEhlE gto Aolshi F X429 WA= vt o] dH 4 dHE 7 A

b

Cp=0-k0C,
ok |“T_/;°| Lot A7 3R] Wi BFAAY.

34 FAERZAXF Mp, o®)(7N1A p= pd ASE g Ee dids oA 2d9)E UE 9
o=T/(6C,), p=p,+kT/27} FEZ 2 (1) ~ el £ p,, p,. p,& C, 8 k(EE= C,)7F FoAE tha3t 2

< X< py+ IT

pg:Pr(uo— ) Pr(=15C,(1+k) < Z<1.5C,(1—k))

N RN

T T T
pyZPr(u0+I<X§ H0+7)+PT(M0_7§ X</.L0—I

=Pr(1.5C,(1-k) < Z2<3C,(1—k))+Pr(=3C,(1+k)) < Z<—15C,(1+k))
pr=1=p,—p,
9, Z~ N, 1)

et - E AT HA e o 7w Tl i s HE HeEhle 388wl o5 FHmean shift) ¥}
A, FAHEE o9 1/290 &bl Wat A4 =27
Figure 3(@)¢ 3(b)elli= k71 0,0.1, 034 W ¢ 7F 1 ~ 28 W 5
AdEe B g g2 G 7F S7FsAY k7F AW Py ST mg, AT, = AHashs A3 EOW DJ,
Ao k=03 W mo= G S7Hge] wheh of= AL SR Foll fhashs dEE 7RIt

LG Table 191 ¢, 7F 1 ~ 2, k7F0 ~ 049 o} 7} Ao 39 33kl Py, my, ATIZF BEl¥le] k. ol &
SW ¢ 7 159 W k7F 0.3°1U(F, €, =15x0.7=1.05) TAF0] () 22 HE 037/2=1350 °1E
sl 2 A5 A JSeAE T3 ﬂ%& 0.7809, 71t} & HAMNFE 7.4935, E3HE wi7hx]e] 7o) & AL

il
ox



592 J Korean Soc Qual Manag \ol. 44, No, 3: 587—600, September 2016

Y] = 95961707 Hh

1 e ——— P.i B i —
B k=0" k=i
k=01
, k=01
09 ./ [T ]
08 05
k=03 k=03
or UL
06 o
05 LL)
1 12 14 16 18 1 12 14 16 18
(a) set-up stage (b) running stage
Figure 2. Probability of passing of a sample
M 5 ATl
"
k=03
T
12
65
\‘\\ £
o k=03
& \ k=0.1
\\ 8 5
\\\ \\
- S \x
55 k:'{)\\ k=0
T s [ RS
5| 12 14 16 18 1 12 14 16 T_

(@) mg under specified k

(b) ATI, under specified k

Figure 3. Expected number of items of a sample(mQ) and ATI for passing in the set-up stage

FEE FE A A T4 FE P2 v 2ol A 7 g,

R NE 18] EEFE A 71t AAAE m,ye A B FolAith

Pp= p; +2p,p, 4



Seo, A Note on the Performance of Pre—Control 593

Figure 2(b)oll= k7F 0,0.1,03% w ¢ 7F 1 ~ 28 W3 Aol pyo] mAIEo] Qirk, o] I7& HH ok
= G, 7k S7ksAY k7F 2o Pp= S7kshs 4

ko

35 welth, w3 Table 1ol €7k 1~ 2, k710 ~ 0.4

uj 7} e} 9ol 4 ~ SHA ZEell Py, mp7h Al v

Table 1. Statistical performance of Pre-Control by C, and G,

T C, 0.8 1.0 4/3 1.5 2 A0QL(C))

P, 0.6122 0.8771 0.9884 0.9968 1.0000

mg 7.1765 6.8831 5.6953 5.3716 5.0406
0 ATI, 11.7223 | 7.8475 5.7621 5.3888 5.0408 0.9124
Py 0.9218 0.9775 0.9978 0.9994 1.0000 (0.7022)

mp 1.9836 1.9973 1.9999 2.0000 2.0000

A0Q(%) | 0.7621 0.2188 0.0062 0.0007 0.0000

Py 0.6015 0.8680 0.9859 0.9968 0.9999

me 7.1606 6.9260 5.7617 5.4277 5.0594
oo ATl 11.9032 7.9790 5.8439 5.4507 5.0598 0.9121
Py 0.9192 0.9758 0.9974 0.9992 1.0000 (0.7061)

mpy 1.9828 1.9970 1.9999 2.0000 2.0000

A0Q%) | 0.7771 0.2394 0.0084 0.0011 0.0000

P, 0.5701 0.8394 0.9769 0.9915 0.9996

mg 7.1063 7.0434 5.9624 5.6019 5.1260
- ATI, 12.4461 8.3911 6.1036 5.6499 5.1278 0.9080
Py 0.9112 0.9705 0.9957 0.9984 0.9999 (0.7178)

mp 1.9805 1.9960 1.9998 2.0000 2.0000

A0Q%) | 0.8142 0.2990 0.0158 0.0026 0.0000
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me 6.8093 7.3302 6.7475 6.3615 5.5492
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mp 1.9706 1.9916 1.9993 1.9998 2.0000

A0Q(%) | 0.8651 0.4896 0.0596 0.0147 0.0001
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me 6.1469 7.1632 7.6161 7.4935 6.7370
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Py 0.7358 0.8072 0.8704 0.8888 0.9246 (0.8575)

mp 1.9247 1.9641 1.9918 1.9965 1.9999

A0Q(%) | 0.4473 0.4106 0.1751 0.0913 0.0066
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