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~ A Study on Control Charts for Safety and

Environmental Performance Evaluation -

=
Choi Sung Woon

Abstract

This paper deals with an efficient and effective method on measuring, monitoring
and evaluating safety and environmental performances of a process using SPC
control charts. We propose 7 safety control charts as a tool to monitor hazard
dendritics, and we propose 15 environment control charts to monitor pollution
emissions. We also propose useful guidelines that SPC(Statistical Process Control)
control charts can be used for safely and environmental monitoring.

Keyword : Control Charts, Safety Monitoring, Environmental Monitoring

23 E4 A& B7Ee Ala" kA BEE M KEstn 9n) e A
BHE AT 2ot Al&aY dde) dig oS FILHoA AHEsEE F8 7Y

AaAEIR B =Tl Utk HIT B diAde] H1 e CHTFPM (
Continuous Hazard Tracking and Failure Prediction Methodology ) & <A ¢} sjep 2
M, &g 5 394 €5 g A¥H1 AANcE 24H & ¢4A FFo] FAHE
E, 227 27 A A @ 5 e 220E T, Frste d F2 AMedd.
Qe AbaL, AR F, vtEA A && 23 2He AFst 8 4 Yo o A
S GHEA 2" EAE 1T HH} BYZE ALY A ANE AR o
T AT EFHV JEd. #EA o] (Out of ControDeZ HAE F$ AHE
dod & e FA 2] A" FA AAARZAI HAAA Hol 2FHE Al




196 A ¢ 8FYTHAE A AYgsd A A7 AP &

299 GAFHE AHHA ALH o2 FAE £ A (11] 28U P T BIH7E
& Aol 7Ae T Axo we I o T

X AP FAES W2 T&Holn TRAQ FYxY Lol Rt}
ot B AFdMe AR O gdd ddgds Gt J1ES #FE dRA2"A
o] #Elxs d&AM A, EUE P Ao FAALAE AAd AT F
A Demerit A=t ¢4AS AYZE AR,

2 OECD, WTOE FA4eZ #47 #dd 1dHEE(GRIE 1 Fd Joen
AT2GE FEA7IE CO; WiEE 017 A FTAF Aol olv] A= 5 A
dolle & FgEoz Zgai o #FA7Ie I B ol I vk
AZbol ARFHEZ A&AQ 84 ZUEAE T3l Atdd ZALAE 223

Adted AEAQ MMAE HAF £ e A diFo] g 7E

matd B AFde FASE(SOX), 442 (NOX), A4St (CO), o133t e
A2(CS2), #T4AH:S), YEUHNH)E #MEt4 ¥ 44 59 HME2 & o
Fe BAFAFTH} VIS EE&Holn EHHoR HUEy] 91¢ DNOM(Deviations
from NominaD#e] =% FF38 #HEE AA A

2 dF7e 3A F A 2ot & 4AdF #H Y HeHIE Hg B s
o 9 ATWEL ST Zoh 2F M= AL SHILE AT B EE Demerit
#FYUE 3FHSG GBI #HUE 47HAE Abst CHTFPM (Continuous Hazard
Tracking and Failure Prediction Methodology) & d& AA& Gt 3FAAE &
AA5HEE 9% #YEZ DNOMBAIE 2% F, EFEFRIE 1WHAE AANsAL
o SOX, NOX #H7t7]&e] Alztel wet A5 B#8 259 AAE #E=s 435
A, dFFIN=EE T

0

£29) Ao AFHRALE AgsAY. oz FH, 2= ¢ 3l
e A% B A7 Axst Fetyoln AAHon AN&EAHQ FAH AMdAHeE IHET
4 e A3 dA9 A2H (Consistent System)2.2 8% F s 2L A

2. AR eH7IE AT A=

CHTFPMY AAE 23813 2or Al2dg GAYHE o2 HE37] A8 94
' ANE 271 St Atz oo dd AAA 2AE HI= 494 olF e FEE FHEd
Aot o] GAA FAH A A0 e FHANTHIZIE] MR g F S B dFA
At #EYEE LA HA g BExEE g4 w2A FPHD 943 ZYUHYo]
7VsdtA Hel &% GAMMABE Wyl A
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NASA7}

ol ] 2 & &4 (PHA) ﬁl————

A7

< 1Y 1 > CHTFPM #A

daAd FAA AHEE CHTFPMAA Asfg U7iA S8z &7

de o&3 2o, [11]

- Class A :
of -
- Class B :

o

+ Class C :

o

+ Class D ¢
o :

Very Serious
EF$9 Hx}A (SOP: Standard Operating Procedure)ol] 719138 1%
Serious

L ehdx 22HE AHgeE AAAY oF

Moderately Serious

CAE AW E BEAY nludAA sAY A ol F

Minor
W AL el AR Re] EE FHA

2.1 Demerit &3 % (Demerit Control Charts)

GHBTHIEY T e B S e Demerit FEEZ FAY A A,
EUHEE £ Jon gAdd mXe Fg Axo w2 JMFEXNE FQE £ th
Z8x9 AL A¥H7 AL8EE FMEAS RPN(Occurrence Ranking x Severity
Ranking x Detectability Ranking)& A& 5 9ld.



198 H 9 @HYSHE A gkl 38 A7 A4

2.1.1 Demerit @2 % [1]

24 v X (Unknown)

! n

BHou

Where di=wacatwpcptwccctwpep
CL_ = u
UCL= u+3o0,
LCL = u—-37;

U=waustwpuptwecuctwpup

Where _ _ _
~ =\/ (W) ua+(wp)uptwo)Zuctwp “up
u n
2471 A (Known)
CL=u,
UCL=u,+30,
LCL=u,—30,
A& 4 : n=10
AAYERIIR FoE w, u;
Class A ! Very Serious w 4=100 “u 4=0.3
Class B : Serious wp="50 “u 5=0.2
Class C : Moderately Serious wc=10 uc=0.1
Class D : Minor wp=1 “u p=0.01

uw=100x0.3 450 x 0.2 + 10 x 0.1 + 1 x 0.05 = 41.05

2 2 2 2
%uz\fmo X034 5002410011005 _ 15, 735
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CL= u=41.05
UCL = u+3"0,=41.05+3(18.735) = 97.255

LCL=u—-3"¢ ,=41.05—3(18.735) =—15.155=0

2.1.2 Demerit - CUSUM #& %

C,'+= max[O,u,-—K-i-c,-fl]

|2
ci =max [0, K—u;+ci]
ch=c,=0
Where _
K= u
ucr _
e =H

2.1.3 Demerit - EWMA 3& %(1]
B YV,=(1—-Dy;1+Au;

UCL _

LCL =

2.2 ¢tA 3 A7 % (Stabilized Control Charts)

2 41 A (Unknown) 24712 (Known)
Z.= "u“%%ﬂ%k—/\g Z.= BETAZF—1,
o) O,
A71M AEFFAFL 21 A Demerit BHEANAN AHER 4713 FE 9 AP FHL
gz st @ Z,#%E AR AS e AR d&Hog AT
EUHE & 5 gith
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221 <A P A E
2 1] A (Unknown)

7= P,— P
Bp: 4 % Al— P
n

UCL=+3
LCL=-3

222 SRS nP FIYE

240 A (Unknown)

2471 A (Known)

nP,— n P

98 2R D

UCL=+3
LCL=-3

223 4R C A=

2 4112 (Unknown)

C,— C

Z] L= l~_

HE 2=
UCL=+3
LCL=-3

224 ¢4AS U A=

241 R (Unknown)

U— U
B A 7= —p=
n
UCL=+3

Pi—Po

Z;= -
\/ Po(ln P,)

B2 71 A (Known)

G

nP;—nP,

nP(1—-P,)

271 A (Known)

Z,=

C,'—CO
Ve,

2 7] A (Known)
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3. #7448%%87tE A% A=
3.1 DNOM #zx

BA
1=4 %X (Actual Value)-Z ¥ X](Target Value)
- DNOM2=2 =8 #(Code Value)
A& R (Actual Value) — EBE X (Target Value)
E3G ] (Unit of Measure)
o] ¥ 7}x DNOM < KSA 3201:2001[13]914 A &=E B F2d ddstd
R ia=

H&d @ Bl UYT 834587 FEXE %= 3¢9 DNOM#ZHE HolE AE

=i
87345 | dHAHT |RETY BEF 77 —
AANZ |eEn| 4 1 2 3 * "
1 5 * 4 7 5.3 3
A 2.0000 2 4 4 6 4.7 2
3 7 8 8 7.7 1
4 8 9 11 9.3 3
B 0.7000 5 7 8 9 8.0 2
6 11 9 8 9.3 3
7 6 8 8 73 2
C 3.0000 8 9 10 12 10.3 3
9 12 11 8 10.3 4
E #Hgoj= A9 (Unit of Measure)7} 10 ~% DNOM2 #g 2 DNOM ®H3A
£1°l o] A&PL 2000622 FHEX A g &k, FA s AFAct
9z

-ANE T8 §BHI7E AR & EFXNE TH
- B ZHE HXH(DNOM)E A4
- #XHDNOM)7}+ et3 ©lole 7} ¢

Ad
CAE 8 839771E0] st AP EdA FA
FZ2A2Y A%d B 7y
-8 43 o8t ol
oA

S8 = &

- BE 87437179 ¥ ¥ (Variation)o] Zolol ¥
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3.2 ¥%3} #7 %= (Standardized Control Chart)

EF3 #F=E DNOM #Ee] d3e S5 5 e & BE 4% E9
WEol e A$E 44T + AUk

-LCL < &3 < UCL

321 %3 xR 29 X[9, 10]
2 41 X (Unknown)

x 8% : LCLx K UCL
p5—305<x Kp5+305

__3 i
Vnd, " B Vnd,
—AK R"<A2

R Bl : LCLKRKUCL
#5—30rKRAp5+30pg
dy0—3d30{RKd,0+3d;0
(d —3d3)o<R L(dy+3d3)o

(d —3d3) <R<(d2+3d3)

ds ~R_ ds
1- 3d < R(1+3 d,
R,
D3<—7? <D,

2571 A (Known)

x BYE : LCL x X UCL

pot A0y Cx Kot o
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. XiT Hy
A(‘——‘—OO (A

— A< —3‘——;—0& ¢ A KSA 3201:2001(13]

R #g &  LCLKR CUCL
d200—3d30'0<R,'< d20'0+3d30'0
(dz_3d3)0'0<Ri<(d2+3d3)0'0

R;
d2_3d3<_a <d2+3d3

R;
(D,

DM‘G?

322 ¥F3 x—S#EY=

E5v] A (Unknown)

x#E % LCLS x,X UCL
/1;—30'—,;(7,-</t;+30';
___3 ¢, 43
Jiae ch( x; {3+ \/—;l'o'x

=_3 S,~,~., 3 S
x \/—ncz<x,<x+\/—ncz

S
X;— X

—A1<h—3—_<A1

S#e|E : LCLL{S K UCL

ps—30SKp+30;

Ca0—3V 2(n—1)—2nC}

g 2 1y 2_0
Ton <SKC o+3V2(n—1) 2nCl o

(Cr= 5=\ 2(n= D= 20CH S K(Crt A=\ 2(n= D) —2nC D0
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(02—73—27\/2<n—1)~2nc§)—5% <s,<(c2+-~—\/—32=n\/2(n~1)—2nc§)—ci2

__ 3 T —oncic S 3 1D =9l
1 02@\/2(;1 D—2nCH =1+ sz\/zw 1)— 2nC2
S;
By <B,

KSA3201: 2001[13]
LCL<S KUCL

t—30 S p+30;
C406—3C50(SKC40+3Cs0
(C4_BC5)G<SK(C4+3C5)O’

(C4=3C ¢ (SL(CH3CH3>

_3Cs (Si Cs
=35 (5 (1+3G,

S

BS<—'—_§<B6

2714 (Known)
FBIYE 331 BPYES) 29
ST =

(Ca— o\ 2(n= D= 20Chor< S K (Cort 7=V 2(n—D —2nCDo

S,
cz——rg—;¢2(n~1)—znc§<—a<cz+—f§——;\/2(n—1)—2nc§

Si

Bl<_0'0_<B2

KSA3201: 2001[13]
S#HIE : (Cy4—3C50o<SL(C4+3C5)ay

Si
0 {B,

B<
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241 A (Unknown)

x3Ex . LCLLx{UCL
ﬂx_30x<xt<ﬂx+36x

S

_ R, _
x—372<x,< x+3 4,

x—E, R<{x{ x+E, R,
x—2.66 R<x£ x+2.66 K,

X;— X
R,

x,-—_y—c
—2.66< = <2.66[13]

R &8z © LCLKR ,KUCL
Up,—30r (R (Ug+30k,
d40—3d30{R  {dy0+3d;0
(dy—3d3)0{ R {(dy+3d3)o

R, s
(dy—3d3) (R {(d,+3d3) s
dz ! dZ

—2.66¢ <2.66

0« R“'<3 27
R,

2 7] A (Known)

x38 = LCLLx K UCL
#0_30'0<x,<ﬂ0+30'0

_ Xi—Ho
3< %o <3
_ XiT My
3< o0 <3
RST\%E‘E: (dg""gdg)()'o(Rsf((dz‘l‘3d3)60
0<R, <3.86

324 ¥¥3 x#@EE
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fac)
r U
r2
-
B
ok
Ho

2 421] A (Unknown)

x#38% : LCL{x {UCL
k=30 4% <p+30~

G , ~ Oy
7 ;='3m377< x {p fi‘3m3“77

B £ 71 A Known)

~ 3m ~ 3m
B Ho— \/_713 0,< x,v</10+—\[7360

_ 3m3< X~ ¢ 3ms
\/—n Oy \/_n

325 53 L-gE =

2 4=1] 2} (Unknown)

L-&8%: LCLKL;, S<UCL
_L ,:—M i TS ,':
R ’ R

M -

_Ag< 1<A9

326 XF3 EWMA #E %

24 u] A (Unknown)
Z;i=2x;+(1-MZ;-,
LCLLZ < UCL
E;—30;{ZKE;+30,
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2 SR a0, < iy 13755,
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A5ty (—=F a5t

271X (Known)

- AAD) < EEEL casty)
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2 0] A (Unknown)

XA X ittt Xy
w

M," =

LCL<{MLUCL
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328 ¥%3} Acceptance T %

2471 A (Known)

RPL #8%= : x,=LCL

%i=LSL(LTL) + Z gpi0+Z ,97"7

-J_C—iz LSL + ZRPL-£+ZBV—1’IEGI—2

x,—LSL _ Zgp | Zy
—I_é B dz + ndz
x,= UCL

x;= USL (UTL) — ZRPLG—ZﬁV%

APL 3% : x,= LCL
x ;= LSL+ ZAPLG—Z,,T%

%= LSL+ ZAPLTIg—ZaW%
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x—LSL _ (ZAPL __Z, )
R d2 \/—;ldz

x;= UCL

—Q—C——,'z USL - ZAPLO'+Zaﬁ

%= USL— ZAPLTR-I—Z(, R
2

Vnd,
x=USL_ _Zan | Za
R dy;  Vnd,
2.4 7] A (Known)
RPLZ & _—x—%giz Z epp + \%i
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B4 : Cf=max[0, Z,-K + C,-; 7]
Ci =max[0, K—Z; + Ci—; ]

where C, = Cy =0

Pr—A< =5 R<A}=1—0
PI‘R=R1_<_D§ = a3
PT%ZDZ = ay

Where a= a3+,

Hillier(1969)& $=#(Short Run) x— R#ElTe]lM R 27 (Subgroup)® 27) 2 A%
of et Al 1323 o8 aztef dASRA FAS%E 49 21— RBHYE AF
A,", D;°, D, & Adse S AN [12]

3211 Q #E =

7] A(Unknown) _o¢7] A (Known) [7]

Z2 A2 2AAXE

1 —
g3 Qi(x)=[G-D/d] *[(x;— x-)/dl, i=1,2,3,
UCL : +30
I1CL : -3.0
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Z2A2 BEXNE
B34 QR ) ) [(x;—x,-1)%20%,i=24,6,
i) SDANNN FE @ A AFE 19 EEEY HAaEg
(Percentile) & T3
wi) QA g 73 HAetdo] digt AFEEFE(Normal Deviate)S
73

UCL: +3.0
LCL: -30

33 3% #dx=

SOX, NOX Z#tz}e] #7434 %5 H7l7|Fel Ad nE s A" ol (Serially
Correlated Data) si€l& 72 7% ZHEAYU AAoZE #F9 FiEAE 2YHY
g 4 e 2AY CUSUM #ZEEE LT & 9. o] #AEE o383 FiE
de AE dFexdd 93 @AY $ UdFE ALPLF(Adaption Liner Prediction
Lattice Filter)& A} 3t} [8]

SOx, NOX 59 t%d 8744% F7H71Ee] 58] old M2 F&Ho & 7
T+ O¥Fg BYIEE 88 ¢ Ut dFEYgdF CUSUM #E(MCX, MCZ, MCW
#E %), dF EWMA ﬂﬂ&(FEWMA DEWMA #3%), tdzk T2 #E §
°of YwF HAY: EL BBFMED ATHIMIEY  AFAFTFZ(Correlation
Structure), %5 Al4(Coefficient of Var1ation)3-7l, ol frallE A o] 5% (Shift
Directions) %o w2t thg3tA L& 4+ Qltth.l4, 5]

4. 4 &

2 dFdAE 4d A% Hrp)@e & As e xRz A& 44 F
Atz ZUHY & £ e Al 71X Demerit #2=9k A 7HA A g dEEE
Aetstg o o] CHTFPM(Continuous Hazard Tracking and Failure Prediction
Methodology)oll A &38tF ), 28z SOX, NOX %59 A= & AN 7ES g7t
g A5 e #gER dEEiA 4A AAE: EUHY & U= F 7P‘] 3
°] DNOM ##x¢ 117FH] EE3 A2 =& Agsdo. £33 SOX, NOX 59 373
A BI7IEC] ME FEHE ALY Y BE RS 4749 dHAYT Hulr)FEol
Al wet FE&E = AAE Tﬂ‘E]E T F 7HA AAAIEE ALIA.

HZ 1S09001 FRAZAGA 2", OHSASIRN00 AR gAl2€, 1S014001 37373

=" T HgH %?t’o?l ] g =47 ZdstA APH 3 Je 7
o & aeAY A FAd A7t AFHIL Uk 2y B dFoMe F2
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AN 2"e] 243 7] A (Continuous Improvement)S 98l Al E 1 Y& SPC #HE[2,
318 7122 <A 2 A4 ME & AsHNIFAE F8F0ln Adyor 7Y
Hygstn 8de NS 78 & e ¢4 2 8345HTE 9% FY=E 7
B oy ANEe F4, A, 4G A2 T sEdE] ¢ Hge A4
Tl e Aol old A& JAS FT7E & AT ABAHA FTAA sy 4
€ 5% Tt & wAeg ¥ F de HE gAY A2="H(Consistent
System)ell 71&& Folof g}, '

%J—?—T—}*ﬂi TolA AL Tz 7EE A 2 FFH Eobo FL&HA o
3 A=q +3 AE Fo glon I AFE R2ERAIE, 2FE AOQL A
Z3 A At iﬁ% TAEAZ o3 B, 2FE dojA¢t #AE F& HZ ¢
g s 71ES Brter e A R 3F FopdE A8 F e #HE A+
g 3 F Aok

r& “‘|° [

f“l
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