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Statistical Methods for Six Sigma by Anand M. Joglekar
ISBN 0-471-20342-4 © 2003 John Wiley & Sons, Inc.

Appendix G

Table of Control Chart Constants

X and R Charts X and S Charts

n d, ds C, A, Dy D, Aj By By
2 1128 0.8525 0.7979 1.880 s 3.267 2.659 — 3.267
3 1693 0.8884 0.8862 1.023 = 2574 1.954 = 2.568
4 2059 0.8798 0.9213 0.729 s 2.282 1.628 - 2.266
5 2326 0.8798 0.9400 0.577 — 2.114 1.427 - 2.089
6 2534 0.8480 0.9515 0.483 — 2.004 1.287 0.030 1.970
7 2704 0.8332 0.9594 0.419 0.076 1.924 1.182 0.118 1.882
8 2847 0.8198 0.9650 0.373 0.136 1.864 1.099 0.185 1.815
9 2970 0.8078 0.9693 0.337 0.184 1.816 1.032 0.239 1.761
10 3.078 0.7971 0.9727 0.308 0.223 1.777 0.975 0.284 1.716
11 3.173 0.7873 0.9754 0.285 0.256 1.744 0.927 0.321 1.679
12 3.258 0.7785 0.9776 0.266 0.283 1.717 0.886 0.354 1.646
13  3.336 0.7704 0.9794 0.249 0.307 1.693 0.850 0.382 1.618
14 3.407 0.7630 0.9810 0.235 0.328 1.672 0.817 0.406 1.594
15  3.472 0.7562 0.9823 0.223 0.347 1.653 0.789 0.428 1.572
16  3.532 0.7499 0.9835 0.212 0,363 1.637 0.763 0.448 1.552
17 3.588 0.7441 0.9845 0.203 0.378 1.662 0.739 0.466 1534
18  3.640 0.7386 0.9854 0.194 0.391 1.607 0.718 0.482 1518
19 3.689 0.7335 0.9862 0.187 0.403 1.597 0.698 0.497 1.503
20 3.735 0.7287 0.9869 0.180 0.415 1.585 0.680 0.510 1.490
21 3.778 0.7272 0.9876 0.173 0.425 1.575 0.663 0.523 1.477
22 3.819 0.7199 0.9882 0.167 0.434 1.566 0.647 0.534 1.466
23 3.858 0.1759 0.9887 0.162 0.443 1.557 0.633 0.545 1.455
24  3.895 0.7121 0.9892 0.157 0.451 1.548 0.619 0.555 1.445
25  3.931 0.7084 0.9896 0.153 0.459 1.541 0.606 0.565 1.435

Copyright ASTM International, used by permission.
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PROCESS CAPABILITY ANALYSIS
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Exambple -

USLel2 , LStL=g

& M= =4
Q?L = 3/3 = i
_‘ n QPK:Minﬁc?u;QPL =1.
. : -L3L
L 2 Gf %i o %— :i,
V4 I hun Mean 13 at middle Gﬁ
L | sPeaTgﬂ‘ch\%m L (usta Lsg/%']
o | +Ra:
: n CI_,U_ TCPLZCPk ’:.“C.]:.
. - I "
0.4 ! ORoveaise , Cpy < 'QP
! :
Gt \ Whan Crx <Cp \’w@mmnnm »
' ot OH-’\'rnum.
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"—*G 7 ® A 10 :
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Rocess Cabab\tty Gf Nom - Nonmal thac’cmiﬁﬁ;él?@’_“ﬁk M":‘Bu@
Use?“_\_  lange sam‘:ﬂl E_Q.rl’?\ sige > 300 ‘
k}su "H}\L Tfjl.ol‘\:\o‘l\'{\p bd(oq_a_n Q‘)K ﬂnd -fno.e\\oh hon"CUh'POhm\.‘a
Fraction nohrc_orogauhm'\ra Qbove USL =
P(Q:}.USL_) _ P{fx—/“ > 25'%/‘{\ -p[z ¥ Zu] .
v =1-P[Z < Zuy]
USL — usu-M e 1
Uﬁh!."lﬁ., CPu'.‘. 35~ ,ZU:- -T——)CFL\'-'—‘BQ-.
Fraaction TIOh-CJab':zovam'wq below LSL =

(s < Pl ¢ B oz ]

(NI NT T _ fp—LSL o2 My . TE
QP"-/AS@ s ZL-: L'..___;\/*_ 'y QPL— -—3—':‘...

Ex.L. A eowban Roz T brocess evany ‘mvoiee wRin 24 houng,
A ‘wardom som '\.Lo'-f 1200 imvoices oxe Sceated and wuAswed
+he Hme o brocess AR Wmvoice . The dote shouwp Hhak 2 ouk
1S00 involeer hax dekem mont Aham 24 houng Yo broacess,
CalewlDte ~tRe trocess cababili ‘?
Solehen' - Sample. size =ASTO

No. orf 'I'\O‘T\'"C.thbhm‘ﬂ\.a >USL=»o
Frachton T\O'\’le—c.bﬂ-glawm\ = PCE >29 = _c‘)-__ = 0'00133
A500
P(2<2q) = 09987 2 z4= 301,
& s -
Cou = St = 3y ol _ 10033
< Cpk = Cpu =10033
Ex.2. A vack o-@ie werts Yo brocess ok \east Qo “transachiong Kbionds.
e produciy' v £200 houns oow measwud and "FOU:Q& ~Rat 3 d
ouk "ja 4260 chsez , R ?nodud:wda s balow 99, Calewlate \Dhgm
C‘_a\:g\p'l\.‘ ?
Solukion:- qu_n\:\a size = 1200
No. Og ﬂO’ﬂ*QbT\%Onm‘W\a <L3L=3

’P(z < ZL) ;— ‘fhaa’dﬁh hnh-coh-gonm'wa = .‘i@ = 0:002¢

—ZLI , :. 2;__':—-—2'8‘
S0, Qpy = = 238' - 0°93ge¢ .

So, e Q-H\‘o_; s met capable. @g_ b ode

Q‘\ra .
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MEASUREMENT SYSTEM ANALYSIS |

Mdﬁodo\om 40 evaluake ~Re caleo\stl'ﬁa o{ AR measusimin sasbm\.

G\Q\'\.lﬂqud vy ackive '«T\Vo\v'l'\& Measunem ety
— some VQn\a\le'*a' eo\\\ be inhanent  in ARe unthi o em,
Measwuad ,
: -——-.Qemd\h‘“a VO-Tﬁq\o'\\.'rt] Wi\l yeesult trom AR Teaswuwment
3tem,

Exam\b\e_:— .\-\uman bodd p\amkmq-\\m.ﬂ- \-\3‘“'8 a #Q\-l!\mo E.%QTL-

. ‘ Rody Tempuraiuns.
vy Fostr T et
7 | as6 | ATs
2 Q7.8 79
S 1621 101-8
4 102+2 102+1

i Yam ! —
MetRedology 4o evaluake ARe o_a\\)a‘otlr’fa cﬁ) +Re measuneiment sia am
\JU

Maj ov combponantg 03w - _ \
-i_l_ Gihs\'numank on' 2 wsad fon measuwemean

2 Okao:\ar\nhﬁ oo Use HRe Instreument 4o nuaswe tRe temg

?l&“ﬂ‘.-— : ' N
jb Dotarvmine Now much Gf'\‘KL"\U’fGl obs evaved thlﬂ\\al\-r\'a s Ao Yo

R av ‘msmument. \ |
2 TSO\Qa Qm"“ko"'\”"\l Gf VO-""“"*“;‘W'E n AR measwamenk s(Tskzm.

3., Aceess whalfon R Ingeuwment oy GOJ—‘a?k (s capable.| 3\

e in AR deda have wo eombonunts -
o \Voriakhon T Vordon bhmcsx prooduct

. VO“'\_O‘HD‘«\ n AR measunament %a.s\ccm\
vamation -+ Measwumant Sds:\em Varmahon

Tatal Vamaton = Produck
2 2 2
%\. = ¢ Phod&ia_k ek @ ouLq a
*\ | ] ) R R -
Gave Rgpma\m\rr@ ond Raproductb LMH CGlaan_ )
e adeoao{lca\d( 1o estimate R mraswurmant &as’rem varnation ,
¢ R 2 R Aaz o combonants t —

Gwaud . Yoriakion caused by epatator (: fbpraisen yamaton - Av)
o Yawiation caused gﬂ insfrument (em-lﬂpmm‘c vamation -—1=_9
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e The vaniakion dus o Wm““""'\a .‘“‘ﬁhumnjl.
b, TR Samas openator muasunas 4@,
wWdR 4R Same instrumany,

Repantaity (EY) 1~

« abio bseveved W
e The vawmiahion O
Qome .sam\e'\e_ N\J_each\\d

-szhodncl‘o'\\'rlj, (AV)'.-* o The vaxdahon dos o R Wﬁswmmnlﬁs&dm

e Tha VOLh‘iq-\-\'QnU obs’c_n'\md wran &i‘ﬁ-@n’g o\:mq\ﬁh} measwu R
soma  samble LL.S'\v\a ARs sSame \_t\,s’rhumn\;.

2 — o | &
Do, G'\Cl‘-‘ae- = G-Re}i,nodu_e\hmb Jl_ O-‘RL"CDE\'GB\“"B

Choose at least 2 openator 'Eon
stu

1) Allow eachdopenaton o measuns.
2ach samble at least +twice ,

e X - R Ghomt metRod.
o ANOVA mMmelRlod.

Y- R ahont mutRod 1~ Num\ov\cg Obviabns : 2 =v
N umben o‘f fasds ;. 10 =n

Giauwge R £ R Data Colleakion:— 8@0\11& okt least 10 sambles
I\
1

MeXRods: -

- Ceonaton 'i_‘ :
fonit | 2 Mean_ |. -RQ'}ﬁ?—

I 21 | 20 | 20 1

o 24 ’ 22 23S

3 20 21 . 20:§ A :

4 2% 27 | 27:0 . 0

S 19 e | A8 1

6 23 2| 22:0 1 2

7 22 91 | 2vs A

g A9 | 17 i 180 o

q 24 23 23 A

A0 2 s 23 24:9 2

| 21-9% 12 -7,
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Obenaton 2 \
Post A 2 | Mean Ranﬁc_
s A 20 20 20 0 =
2 24 24 24 0
3 19 2| 20 ]
4 08 2a 27 5
S ‘q |8 \S'S .i
6 24 21 | #5138
v 29 24 23 2
R \8 L2Xe) ﬁ 2
40 26 5.5 25§ 1
.3(,—2-:22'3% ~2 = "S .

‘ﬁ":_ R‘+QZ‘- = 435

>

Trinls| Xt Ko 1
2" | 8862|707
3 -$908 |- 523\

Repeartalbilily (EV) = i X® =08862x4:35 = 1:19G84

Ovenall vawiarion

denodu o_ﬂ:i\\\'\'k (K‘Q =

“Total G'\Ow.%e_ R ¢ R

-_—
-—

between  ebanatens '."YZ -—'Z[ = 04y =D

\an?;z (EVY/nr)

\](o 45 X0 ?0?) (_1 mul/wv

-—

= 01739,

1-2094 .

= jﬁe\aé_ﬁo.&\ﬂ'az-l- R&kho&;db{\'ﬂa:z‘ :\l Eva AY?'

\\ {- 196811 + 0:17332
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Poaﬁ Yaniohon'- . r
Openaton 1 Ghanator 2 Mean k_P T
Posit x o A 2 P i
A ' - 26 20 20 2025 ;- 6°307)
® 24 23 24 24 23-1§ 2 0323
3 20 2| " 21 20+ 2§ [~ 0‘5‘ ‘1‘:?3
4 27 27 28 Zlg 27:00 | & |0 3349
c 19 A8 19 1 16+ GO 1 03584 |
¢ 23 24 24 b $7-25 8 |0:3334|
3 02 | 21 22 00 1725 9 |0'824q |
9 24 23 2§ 3 23-75

Rp @ Meon max — Meom min = 2916 =44

lon (PV) = kg X Rp = 0:3146 X4
fhr yasielion (PY) = el Be = e

Tole)l voni ation —\‘@aae_g 2 R) - (Pm'\’t ch‘mﬁq@l

....\((_12094) 4+ Cg c'{go@?_—

= 3:8658 - _ B8P Xt

R T

Sounee S @XSD .1 - S—\ue\a Yan
REkpdad‘ﬁb'\\' \*19 &8\ 718086 _ 29+ &<

R#hod@g“% . 0 T:’ 3°T . 1?434 4’14

Totel Gavge RER | 1120 9 | T2s64 2943
Port Voriiahion 2-4606 20"‘76'3% | 24-40
Total Vorviedhion | 3°66S8 | 21'1948 160+ 00

G‘lulc{e_“m —Fen Oxﬁc%rﬁ ""Kﬂqu&nmxu\* ! 'Saékuw_.._
= v J

Gm\:ﬁr_ Qf; R - Remonk
Undan _{0/ G‘\Cluat_ Ayatem 13 saoMis ﬂadnha . )
107, o 307. be q&CLb'\‘R\nlt?_ baged ubon q\g\,\\m\—lm.
/ C:*g @r_, cost g-f Vepain ek
Oven 307 G_m“a"— 363\"&“\ nok SQH‘—?:&c\-oha:—_—#
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ANOYA MetRod Numsen o'g Audttors 2
.  Numben of calg: &

Reblicaron: 2
Abpraiser
fank A B ' Sum
g 54 56 =
2 qs 9 nc4
0 69 6%
3 7S 79 268
3 76 - 98
4 ol 82 324
4 79 s 82
g A% " e 381
S 94 .. 9qc¢
St 736 | 7Se 1492
: i chon Sumtable!- ol .
Q) 3 evwachon 1 Q.} Qovvection %d.on.‘,
font A 8 Girand Aotal Te 1992
1 7. o4 14 5 i Tet<l Count N = 20 "
2 122 132 QONU-Qﬁaf\PaQ-_\-bn eF = __’_Lf_?___
3 Lt Is7 “—"J‘IZI_C;CJB-‘Z_
4 160 164 :
S 189 » {94

() Sumof Swees: i 50245624 . va62 = oF = 39768

Sumay ——
2 2 .
3 ) )
Column = 7.34'»':75'6 _ oF =26
-~ Mntenachon = 1042-1-1!!?‘.1-”,-,}_{322
> - 88 So.rn'eiq.
2
-_- SSQ-QLumh—CF
= T<

M"\'R‘"\ = SS'TO‘M\ Flo sarnble — SSegiumns — S8 intenackion =22,
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Q’() Degusof Fresdom:—
J

Sounae. " Fowmula
- 19
Totul Tot=l S_aun& -1 N .
Sarmple No .o nom_s—*:ijt' | "“f_“ -
Columng No, O‘f columns -4 5
o | 4x1 =4
Trntengetion df 03‘7 somble X i r;_fhi‘?ﬂ : |
WrtRin Total df — Somble d ‘ A0
- oolm-gm d g — Trdwnach omﬂt
@ ANOYA Table constwuction: -
Souwnce sz Vosdadion 28 df MS [ F lFQh‘\k
" Sowmble 2273 | 4 | 981825 [446:2841 | 34805
Columng 20 1 20 Q0909 ‘1':?;6
MSelesvoeiSon: 'S 44 | 4-83°7 .0-5523 3
0 2% |
Wi 02 4 z |
Total sq7ag | I ) J(
Ms = ss/df
FC;_) = Mscb .
Msw‘ﬂﬂinmk )
L QNI’—V\‘*"‘a * % 1?‘\@1&@\101\\: ?_._ _'In¥enq§\{cﬂ Fch‘r‘h‘te_ql_
<
OCaseTi- Sinee, F =085 £ Fenit =3 478, Tndanackion is hot
s‘Gn'i:F%eAﬂ\'- Modi ANOVA dable ¢ - ,
SSyirtRin = SSWH%\“* SSintenactign = 2247 ¥
= 24:§
DF wwtlin = d?f wrkin + ‘*f intenaction = \0+4
Moclﬁg—ir.& Aable - M3 wtkin = sgwmﬁy 45’ wWihin = 2:}1-5‘ =2:107
o Spnce gf VO\!'I‘\O:\'{(;“ 2% d? 1 MS
Sample 31273 4 a8\ Q
Columng 20 1 26
WitRin =) 4] 2.107
Tt Wes | 37T
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Nowianeces | —
— Emf‘mrm’c CEV) = MSMH’%’m = 2107143

Abpraisen CAV) = CMS columns MSW’&RlQ /(“ogmh hia Gf
replicanons
26— 2'107143 )

= = - 17893
z |
ot CPV) = (MSS\m‘:\L" MSm-ﬂia/Cno,o& a.»&hn\se_h/s)( no-a’f
‘ nc\?\icc&{ons‘g

1 825 — 2'107143
= ol % T4 = 244.929S |

2%X2
G-\a.nae_ RER=EBVH+AV = 2107143 +1-7893 = 3-8964

Takal = G‘Q‘ELR &RAPV = 3'8‘164‘+ 244+929F = 248 3239 .

i _ GSBXiey
[ Vomiomas [ 3D GsSD /e S—}uda Van = ooeionT
Goge R &R 2.8964 19937 1!*84?65 12:51373
ﬁ:—/ | 2401 rasie | 87096 a+2024
2V 044- 9295 | 166562 | 93:9013 792139
To;‘ml 248 8259 1§ 7742 | 946453
Gauidelines Yo acedbt aaac:-
: 7, -C.n‘rrlm'\\:':u\iun G"-? G'\"'*a‘i REAR | Reimonk
st Unden 407 - G\cx-ae_ Sa»s\-o.m s Sc;H&?ﬂehh@D
‘ e «d pon apblication
107, 4 30/, May be Qacdbtable bas : ’
/ aﬁﬁﬁst Qﬁ » C.QS‘C wma Q\"Q.
OVU'\ ?.)07¢ | ' Cn'ohatz Sds}(q_m hok sSahs FQthQ-
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Caseil:- A 53“‘"‘.‘“@ 33 imlenackion = 70
e . \Whn Trdaction F Trtenaetion Fawitieal

ANDVA Table -

Sounce af Yawriation RS Af [ M3 [ & Fhsit
) Samble 3864.8 4 qeg2 | 43718 j::qs
Colmns 20 1 20 a-+09 4
TT\‘.U'IQ.Q\'.\OW._ :ro 4 _1_?'3- ? Qg 2 4?8
WHFR‘"L 22 j_o - 2'2
Total 39768 19
Yarianees:-

E asibment (EV) Msmrﬁmnz <
Thtenaekon C_[NT) <MS Irkenccion= 148 m%‘a/chﬁ O’f Rﬂp\mqhm)
= (75— 2)/2 =76S
Appreisen (AV) - (M5 eoturans =118 menackon) /(no.of oy x
e, af m\:\mehms)

= O:25

(')_0 -\3 S)
sX2o
font (PV) = CMS samble = MS m’cquno) / (“° apwaisoy
. X no. m\F“eq\-»ohs

- 9Bl 28— \7.¢

' 7X5 = 237. 1'15

G-(oﬂo_ R&,R EV+HAVAINT = A§4
Tot=l G\cxae_la& R+ PV =247 27¢

Comblet e calenlation:-
AMavianee | D asp % ook -

(;-‘qae_ € ¢ R {0 A 6T0 3138 19 6683 2042|109

ey 2:2 1’4832 |  8:3994 Q- 4324

INT 365 2:7659 6+ Sas2 \7. £89

Ay 0:2S oS 3

i 297, |7¢ Is: 4 A2- 4029 j;?;q
Total 247. 275 1§25 94-249

Conclusion - - 7’, Corrimbudion Gf &a& RZR =

20' 2\
TeAasunament S'&&’ttﬂr\ mch be Asephalile.. 710 / —{-&_L
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Maasmumn\-_%ﬁs‘mm Ana\dals : Disoute
N

— e p—

SS—

Example: The transaction monitoring process results for 2 auditors is given below. The
results of expert (standard) is also given. Perform MSA and give your conclusions?

Transaction | Auditor 1 | Auditor 2 .gtandard Transaction Ahéitbri-gdi&_ggaai@
! 1 Pass Pass Pass 13 Pass Pass | P_ass
2 Pass Pass | Pass | _11 -Eail Pass | Pass |
3 Fail Pass Pass 15 | Fail Fal | Fail
4 Pass Fa& ___F'ass 16__ s Fail B Fall Fail
5 Fail Fail Fail 1?_ E g Fail | Fail Fail
6 Fail Pass Fail | 18 _ Pass Pass | Pass ] |
7 Pass Pass Pass 19 Pass Pass | Pass
8 Pass Pass Pass | _20__ Pass Pass Pass
9 Pass | Pasg__ Pass | 21 Fail Pass Pass
10 Pass Pass | Pass 22 | Pass | Pass | Pass
" Fail Fail Pass 23 | Pass Pass Pass
o B . S s B il | : | R T s
12 Pass__) Pass | Pass | 24 Pass 1 Pass Fail
I DN A OSSN SN | Fait | Fail
Summan2z & ARy date ax Aﬂ\own below:-
Auditor 2
N
Fail -I—é| "l > Oba?_hﬂci as .'au..m‘nl'
Auditor 1 Fass ¢ 3 = Sum af (o.ss,?asa &
c 20 ran,mp
7 28 cales
= 19%¢ = 20

Qa\cu\akenor.? Expeattd counk 1~
EXP@:&A Cou:r\kcrg

ca\\ C:l ,9 -~ Roww 4 sum X column 1 sum

Tot=\
Exbecked Counk (’E’a%s,i’q@ - \SX\% 169
Belusern Auditor Amgais'.-— -
Exbeaked Count Aablu:- )
* Aud\hh 2‘- o‘. EX?QQ{Q& ml"\'t
foss Fall
fuddond | Tass 19-8 42 = Sumof (Fass. %‘s“t Fi
Fail 79 28 pety )
aaseg
Qalevlate kabba, =108 +2'8
K No. Obsenved Aammn{— No, ":-7"("‘1‘1*'“‘1l A-am.n:rr\tn‘\- =136
Totel Obsanvalion — No, Expecked AGMJ Kappa [ Strengi® of Agaament
<0:00 Foow on Nang
= M 0:00~0:20 slight
= Orsel4 0'41- 060 Modumnate
0+ B1~0:80 Sub stamtial
03] — 160 \ Almost \Dmgqg%
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\ ACCEPTANCE %AMPLING\W
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oehon, |
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4, TR burbose 1S 4o accebt om meject e Lot mot Yo estimake qualty |
2. Domot Pprovide ““d dineck m‘d cartrol, Simble Qeedbhs ov pejectn
lots | d
3. EVe:nif all ot oruLOf - mol'r‘a ) 3am\;\‘.y._a el Qeeabt somae Lot
ond  weect otRang,
Abpvoaches {Gh Wt aceabrance on hl:a:d{m____
1, Accebt R no nspeck
2. A007. inshection
2 Am-)‘:-‘roneg 'Sam\:\iv\qp |
Ad\fﬂz‘\‘_"a&s:— 4. lLiess exbensive becausa fRave s \ess  ‘Mshection ,
2, liess hnhcuh\a' 0£ produats Runes  vedacad c&o\moae...
3. Numban o;f \;m sonnel meauirad inApection & less.
4, D:{km redueey inshechion @rmon
5. Retwm of entwe fofa mol fost e defeckiven infu
cample a:f’km provider shongen motivalion 4o e vendow
“+0 'lm‘:aramrn.. Ma\“’a '

Di&qévaﬁo;ala'.— 1. Risk 087 acm_\,.-\;na bad lotz and hoa'ach'on o:?%nwl lots

- 2. Requirag dsewmentation of \’hhh‘va and  docurmuntaction
°§ &m\,\.’ma broceduna ,
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vendon s Fhocus is 'GO-LN_A

Scanned by CamScanner



By Tanujit Chakraborty Page No. 103

| i : - | - Cg—
B [Single Sampling Plan]:- Dagmul ba Sample size n ond accsblane,

numben ¢ .

. Phoe_adune_:—-

4. Seclect N Ramz abt wrandom izr-om—\a; lot corcteuni N itemg

2, Tnsheet tRe M demg nthe sSample ond count e de'me““%}N
3. 'If dre, beaze_\r A% Lot | OtRanwsise. accdpk Re Aot O’f N Hemmg :
._E_XLW'_:'-F N =10000, n=89, c=2.
1, Select B weomp v:m—:&o-m\a from 4 A6TTD tems In Ra Lot
2, Tn::\:w.el: and count AV numbexn dmfcd—‘wud.

3. 'Ig 5% 5 :u'aec_\: e entme 1ot 16070 . Ofhnwsise acespt], ot

* Operating Chonacterishe Clwe 1 — Meaguwnay, e "Q%'?b'n'rnahu (r{) ” %am\,\‘,}
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E..)E_- A \Dhoc\uq\ is S\'\'\\sbe_d 1\'\\_9'\ \Uh_fig 'Si%l:_ \\N = ZO_E?r‘.:EhAfy'D BQ‘QQ,
o ta  Single sambli on > ONIQ :\-KJL i A/,
f::z\raﬁ'r\a%"\%ﬂ't A r\a’fhocess Owuxcxaq s oy /s deQQHm :

Soluhiont- N = 2670 .
LTPD = S7-

Process avmuﬁa_*—,_ Gi2s /%

N=97%, a=14, AOQL=1"0

e AOQL Plons . Plans ows availade for, A0QL valus of 017,
Q. 25 7., 0:87,, 02357, A/, 4875 275 2'57.,
2/, 47 .S/, 7/ anddoy,.

V\nowle_dae of Procum avewge - okv“moale_'gnat\'?()ﬂ d&{’LQ\"\VL cr.f
FRe neori bhod;..m_]; s 'l'\!m_;z_sgq)-ld_

On(,d a\a\a\i@\\,\g mh&n soeg%-ﬁg—a‘ma ‘nsbechion 18 usad,

Prhoeedununt-

1. Chgose veaived AOQL

9. Derenmivs \ok S\

B Dt!.’ce_r‘anﬁm' Procem LN C%"'Qéﬁoﬂ non -~ um%bhm'iwa)

4, Based onARe lob e ond  Procuw averoge, anguse 4R Savnyle

Qe N ond acc%b\e numben o 'gﬁnmﬂ-h_ Q“—“"‘“\’ ondd Y\a
AOQL “oble .

_Ei. A CQ‘“‘\\)Q W'l 82\ ‘o '?:ﬂd a S\ LL 30‘“\¥\i %\Q’q - g‘\_{_“n‘_\_“o
oleans- \0%7:@00? size. N =860 ;\9‘1 shibped. o ?-::'s‘-'%\’\i&h "

TRe  subbliens Proceaz obenater o} o ‘Fallou\- Lavd G{ 0-50:/

defestive e comparyy wand the XoqQL ‘?fmm ‘msbeaion |

ac\_‘lv*r\.a ‘v ‘ve 37: . &u@ﬂ.&\ %-Q¥bh0\?\'ﬁqkt boaa&.r’

b\an? Qm‘xa—--
Soluhont- N=8600, P=procra o.\rU\p._ae_.: 050y
AOQL = 2.7 |
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Z | The. Covinol Chont i— C Setup Abpnoval Chant)
o A Aechnigpr used o deiect s\r\'\'g’t? or ukasr&x n YRy broans whel
il wesult in producs non- Q!b\'\’?onm\r\& \andud; onr \am\h

o Conventional contl ehorria ara wstd o detedt Shidts in broemt dawe
Ao assignable. camseg ov to enswu s-%gb‘\\‘r\a R brocw

e Based onn Nonmal Distvibubion .
. Usw whan co C.? >/J, Ot'(lﬁl CP:QPK "
P /Tt is eas 4o peset AR Phoae&% or adjust YR bh@w mean .

“TRa bre _aorntrel ahosty hag tuo addjonal limdz called Vbban and
Liswaen Pna-em\vn\ Vil CU?QL-m\cl LPCLQ.
Liek X be ‘nohma\\d distmlouted  aeall ahonackenistic  worth brocam
ﬂmeah/-l and Procows Wondond SQeviation. . “then
| el :/U +3e
vPeL = /‘-k'i'i'SG"
cL = /‘-‘
LPeL = -sq
Ltk = e 30 ‘
A\abhox'\maﬁd , %g%' gf brocam outhut vl liee \nside /_“.‘t BY
limtts and 7‘7, '\l \ie in each xu_alon botwean PC and Qoriml
ik | : _
Speela\. CO.-SQ‘.-— CP = CFK = (9

peL.= LSL
VPCL = LIS 47
' o
cL ':/'-l
LPCL = /-l.i_ Sk
7
LecL — LSL

o \Wonking Ruleg ;-

1. Sd-ga-"r e Procenn and chaak A%k broduck on “me.T? Re ASE

tom iy autside 4R aortes) Vimids, weset 4Ra b rocun |

2. 2 om tlom is séneide e contrng| Vimitx Lub outsids ARe PQ fine ¥

eheak HRe noxt tum ., :
3. N e 2nd fem Isalso ouSde the Sama PC line, wend 4R
Sroeess, ,

4. ;Ig] oMl ttom 18 inside e PO \ima Hen  eonbinue

g th) one Ham 3 oudside @ PQ Vine { ARl pext item ix oulsidaciRe
ks, P \ina ,HRan ~Re Pracany yaniabily iz enuul*crf Cantoo|,
anxhaa’m and ~Aalke ety eonpedivdl actiony,
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Q. Wran five conseative ’?c“m'\z osw ingtde e PQ tine ,&\I\Tg{%

ingq .
=T diuat R ‘mouw unlass an "’“m

During ~sampling  domet &

7 \LY\B outside - PQ linwy, (J

/_W 4Ra boind 1S outside carivol charl , reset YRy procay, and

s pvaoo.o_o.ei as 'n Stp G, |

9 AR poirk s wiGin  Cordost limit ‘\ouk* 'b:md.n 1o
‘ ,IfPQ line , HRen check Re oot e @A NS Q‘D .

10, \Whan @ pnoest s pesed , five o onseauhve \t%qma Mol
wrtkin PO lives be—fewi o qn@iﬁ 4o samb wa,

v Co-n}m)\ Chc\sv\;z -an muhi Tineam ?wocsu%s CMSED —

Data ok on boint 030 Ama  eonsisty crf maastoemens
™ sevenall sﬁmw oy ﬁwa_o\mx, ouwnees cr-?ﬁheqwmu
assurmed o be. danhieal. |

M s bossible v montton and adjust each of W S ears

mdivideeally o In small anpu 2, |

Use gwoub Gommol ahonty— Plot only e largaat and smales)
% on X chant and Qm\d. 10&6%% e 3 Plotted M R ovayt

ool casest~ 1. Output one Stweam ( or a dwo MW“
O 0‘? e hag s\ﬁg’fed og—fl tean oj:g J

2, Quibu of ol steeama Nag sm%qa
0 ek,

Gino Cortnl Chonts - ’
ub R Sukz\oo&b ARat ARw %wnum zQ\M A dtreama cm:l
each stneam *Ro;x )qm-&e:\quolm_ and inhount Yariabiltly
Distm buchon Measuwgmunt o el abbreximated bd A Unovmol,
Somb\'\'nd 8 prafoud Sukpose samble size R m,
Tv\l/% #nocws A Wilpe._a.‘n_k urmsl 'm au\aahouka G’g A,Om\g'\%
}pw_ beem “‘aken, .
S0, T’—)—Z = % , R= z‘zﬁ‘&‘ )
m¥Xa X0

vel = o + A2R | Lal = X — A R fjgunﬂrh 3 chonk
geL= D,_v'?, LeL = DR f'm HRe R chant,
D ip wedd o examing TR Avcom Mumbew on e chont
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ADVANCED CONTROL CHARTS

e Cumulabive Suwm Comtndl chont QQUSUM Chont) t—

¢ Used echen =mall 3\-\1?{7! e imbovrtant |
e Usea all 'm'ch'ma'\'\'O’n,B n R seauence of samble voluey

& ‘d\\\a gﬂer_r\'iﬂ_ -@Dh ‘S“‘bdhc’“bof Siggaf n={,
® EnSUJ'lQ,S ”"RL Q‘-&.Q“‘U Q.\'\QT‘QC'}QW]&HQ) will be ﬁ\qu} m On e_]-QSQ.

—to Re tan et.
used” M chemical and process ‘ndustmes cohera Su)anou}a

size e ojten 1.
e Highly sudable -@m modermn industries wif actomaked
d d'ms\xzcﬁcm ow on line contwe) ,
¢ Plots AR cumulabve sum off e deviakion of samble valuwen
«gl'-bm AR .Hmdd; value
R 1.5 yroces s o i aff g

“value , 4Ren Blusum  eoill i‘\ﬂnq\,.
2. An adjustment s made Some. covrtm) -Fnd—oh;g

A bmirg tRe bnocess back lom '-!-cchazt ;
QUSLOM Commnol Chant: Lagic '—

4. Let HRe auol e.hga-lac’ce'cﬁske_
ot eom ond 3tandand deviatiom (.

° Mos’c\a

Worki
f"-"-"‘"

% hasz a noevrmal distribuion

2. let /Uo be 4R ek '\r'o.\ku,o{ X, |
2. Accumulate R deviation %mm T ARak e above +or\aq_k Ny
’ 2 & + K
one statistic CT. Lk ael e

4, Aceumulate ARy deviation ‘frro'm f-lo HRat e
one stravistiee C7 .

i
T i max[o, x; — (fotK)+ ci,-—t:I
ct (#o+H) e €

C-'._- = mox O,“(/JO"K)-— %€+ C:_‘
S. Relowenes wvalua o allowanes valus K is <hosen hc\l—?moa
betw een —k’otaa}. valus '/“‘0 and vmaxXimum allowed gh“?t
value Mg K= I/L*O“'/“A[

2
6. Plet CF an €7 on e chont,

7, ’If et C* oo C7 s 'bedﬁﬂd e decision ‘interval H, negel
~Re  brotess H = 66 .
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gt Aman Moot from

Exomple - The daka on moleculan  eo

o_hzmuea_\ process is atw:n below :

Semble X sSamble X
| lods 11 ﬂlgq
2 1655 12 1189
9 1037 13 At51
4 l0c4 44 1123
s 1695 42 1238
2 1003 S E::
7 1650 17
? 10 87 18 1488
i 1es 49 1n4e
106 146 20 =g g
mole e tlax 1.6 s A0S0, Des
cusurm -~ o M\d detect @ shift aﬁ about :L'S
Sample + % 1 Movwﬁ Rarno_.
S ¢ 1045 —
2655 10
18
3 4037
1624 27
q
S 16095 31
& - 1603 84
7 1050 Ll
? 1087 37
5 1425 38
A0 AM46 21
L) 129 7
13 A154 18
24 128 03
s A238% 10
A6 J12Ss 13
i i 1463 32
48 £1%8 25
14 40 42
20 | 1er [ 2
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Compute A1y, K £ H -

MR Chant
M R 2% 3|6 a 2510
. S08 - 1050
eL 28318 o 1075 10
0000 A I
Le L K A2:S¢
@ 25 10 “u | 1265
f——— S Sample X (Hg K) x+C , C
L Sample | x [ xi-(peKpeC L c 1 1045 -755 0.00
i 1045 | -17 5500 . 000 2 1055 17 55 0.00
[ 2 1055 | -7 5500 ;000 3 1037 045 045
[ 9 .o 1037 | -25 5500 | 000 4 1064 -28 ;0 0.00
4 1084 14500 145 5 1095 5755 000
5 1085 33 9000 3390 8 l 1008 20 45 .
6 1008 -20 6500 0.00 7 1050 16 90 6.0
7 1050 12 5500 0.00 8 | 087 = + -18.90
8 1067 24 4500 24 45 T ui 3265 0.80
9 1125 86 8000 86.90 T 87.59 0.90
10 1146 170 3500 170 35 1 1140 108.55 0.00
Lomn 1139 246 8000 246 80 ' 5 ] 139 101.55 }—2.00
- | 1169 353 2500 353 25 | S 1169 -131.55 0.00
[ 13 1151 441 7000 441.70 I 13| 1151 1355 +—0.00
L4 | s07.1s00 507 15 e L -80.55 T
s T s T 582 6000 5682 60 15 1138 100.55 | 0.00
16 s 645 0500 645 05 16 1125 -87.55 . 0.00
17 1163 745.5000 | 74550 17 1163 125 55 0.00
18 1188 8709500 . 87095 18 1188 150 55 0.00
19 1146 9544000 | os440 19 1146 108.55 0.00
[ 20 167 1058 8500 | 1058.85 20 1167 125 55 0.00
Cumulative sum control chart - Example
Step4:PlotC+, C- & H on cusum chart 1
1200 I'
|
| 1000
|
o i
Lor ) -
—~—
e =
00

Note:- Except CUSUM chont all oiRen ohards Rave memo

hoss Fm\,uﬂa '

h 7—'-—~=h-.-=("

=g

9

1)

e U T TRT

it

- t—y—a—p

Lk ]
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o Exbonertially \Weighted Woving Avmo%a Cowhen) ehomt i

@] U
o Ver c{?.f.o_a—\%vq, oﬁcfm/s"c amall ‘moe_sws w?ﬁ Az .
e Uses all irfonmahon ' R Seaiunes Sl samble vQluay

& H-‘a’b\d' p‘?f@:\-ﬁva -fcm Su\oa.hou\: B'tiqcrf mn= 1.

¢ Ensues He MQ\HJ chanackenishc wil qlwoa)s b omn ow olose.

4o R -‘-ru—tOe_\:.
o Most wsed N chamieal and Ph"e“sg .\“dus-\-rﬁ% eo\uns Su\o-anou\;
Uze s © {Qﬂ i . '

fonly sudadle fre modern industmiys WHR autimaded
’ G G'm.sbae\:‘\on on on Ving covrivol , ;

. EWMA is used axhns:\vda n Ame semioy 'rnoeh\\ia?; -Ywnqqs'ﬁra.

EWMA Contowl Chant? Liogie : o —

Lt xiova mddbendent Y:lq“dm',‘l YQI"‘*"“"W @R varianes ©2 Ren
.expomrﬁio.\\ﬁ. mgia\'\h W\onrd “Vtﬂﬁaé_ z: &

Ziz A+ (=A)z i
o, 02 A2 L, Z, .—_/\lo,% brocow -\-wtaa\‘ ‘\fﬂ?n'anc_u\c/fz,:,

G0 - ot () La- o]

2—2
T EWMA CHmh/ Zy s %LO‘He_d I&Goim\ So\mw numben &

LIGL :r-/-le + LT\! 2?\_2 [i- (1__2)2'tj
L :/\;o ._
N Lcr'\]' 2 [“C‘“")zj

G-mm:mlla,, A=02 and L = 2.962 = 3
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eck Yo -\-Q 1
oan o Sub ol oy
| Slbbbmﬁ St — e Mcmql zmea d*m-?’t or Arena- " W:

As tool weanr oul, Ahou witl ¥

k"‘ﬂfﬁ@-@-ﬁ}s mean .

As X choant. WL ghow ARe

cOuse 12 Yool eoeart.
Imacki “Ris Q-SS!.E‘QGB\Q_ aause

process ouk G’F c“"'\""“\ and C"’S‘(]“ﬂk\e.

v v:e_b\.qcira "rRL *ool 'VQ'nJ

ten exensive . - ; ‘
e  bproeess hg}w\a cabatle Co_? ,Q_E.K'; 1) “4fan s Q'H,«”\G
cortrel chant be wsed detect  oYRent assignalle

couses and L ool can be u.sqel 4Hu =z un—?\& \qu_ &h
BIL Wb produce mon- cm\?«: ‘\rﬁ_“ﬁ'rh/%moducbr.
" Ass“""’\’"‘““* —The Pwoeess is hi hld, cabable,,
— Tha ool eant gutV ™More On e 01: Uﬂ\gn'nm bk

— Sek the \:'noeq_sa guo}\ ‘thalt ~Re Y‘\Q_OT\ \3 0_10“9‘—0
| I 4 O

—QWeet  RamBle data. on qma\'r’ra. chanadt u sk o_al
pegulon

* Stebsi- CQgmpute X and R _ :
— Conpinuekt R ehm’c ond enswu tRe bnodags ¢
yvarmanon i\ covtrol.
— Estimate 4Re [:mou,gg stondond  deviaton ¢

———B\M_—\-QL ~Ame C,the%¥'of\ Yo widdle 3”“\?\‘
oa O 3o Rat v\l be 2 ’slwmloeyL_org ':mm\.sha
on 2PtRem 'e.‘u\n_o'?t 2870,
— Plet X Vensuzh and Fit alime
ek Slobbing contmsl ohort iR Aled tna ap el
o (f;—?\‘:iﬁ:jjhg "\"m + AR @ . cor&’g\n\ Wm'rys .
<=0l braoeans mdaly o X = LSL+LE
" 'Reseb Re bnoeess m‘(\ﬂ\?mag\\% LvsL —-L1d7,

* Qominol Chosth o hovt Production wum i —

Use deviations rom nowinal  ow -\-cmaq} walae \ratead G?
measwud  variable on the cortno\Y ehant .
Also known oz DNoM C'bemv-q\-\ ond gm:m Nowmmal| shenk

® Sdepsti— 1. Lok my, t=1,2.0K b Apy
—_— Vi
ohanactemstiar  cadR -\n:ﬂe;k valugy 4. ey C’g %—t.o\\f‘rar
QG“"'\PU":L i=wm,—ti=L2,--.K,
2. Combute X and wa f{m x; .
3. Comvshuet X and R -

Scanned by CamScanner



By Tanujit Chakraborty Page No. 123

Example of EWMA Comingl @hant: —

Exponentially Weighted Moving Average Control Chart

Example: Bath concentration are measured hourly in a chemical process. Data (in
ppm) for the last 32 hours shown below. The process larget is ny = 175 ppm

SampleNo.! Data r'SampleNu.‘ Data SampleNo. Data Sample No. Daa

1| 180 | 9 | 180 | 17 | 190 | 25 | 206
[ 2 158 | 10 | 195 | 18 189 | 26 210
|3 150 | 1 179____[ 19 | 185 | 271 | 218
|4 151 | 12 | 184 | 20 | B2 |28 | 212

[ 5 TTiss [ 43 [ans T T T |
: L6 154 | 14 | 192 | 22 | 180 30 | 202
5 L7 188 | 15 | 186 | 23 | 183 | 31 | 205
. 8 162 16 197 24 186 = 32 197

a. Estimate the process standard deviation?
b. Set up EWMA control chart

Sel ubp MR chant £ Estimale
| Compute z's and control limits

< T

Procesy sigma‘’ i S an ) , S 7
Sample | T | .TSampJe

| No i SD | LCL | UCL | Ne Data | 2  SD | LCL , uCl

|
Mo Dt =z | SD | = :
.éf.,m{,{;.,q.__j_c—a,_,—‘__‘E@:@@ﬂi_pqpﬂ_—l“ﬂﬂ“ ] L 1.0 1680 | 172.00 | 020 (17166 (17834 17 190 | 18441 033 16944 18056
| 2 158 | 16920 | 026 | 17073 17927, 18 | 188 18533 033 16944 18056
. 150 | 18536 029 17022 17978, 19 | 185 18526 033 16944 18056
LW B , 030 16903 18007 20 182 18451 (033 16944 1805
5 _ _| 183 . 031 18574 18026 21 181 18389 033 16944 18056
6 154 15927 032 1646318037 22 180 18311033 16044 18056
.7 158 15902 033 | 16956 18044 23 _ 1B3 18309 033 1694418
L8 162 | 15961 033 |169.52 18048/ 24 | 186 18367 033 16944 1
|8 180 | 16369 | 033 |169.49 160.51 25 206 18814, 033 16944
l 10 | 195 | 169.95 | 033 | 16947 18053 26 210 15251 033 16944
Y 179 j171__zg___033 | 1694618054 | 27 | 216 19721 033 15944 1f
.12 184 | 17421 | 033 | 16045 18055 28 | 212 20017 033 16944 130
L 13 | 175 | 17437 | 033 [169.4518055| 29 | 211 20233, 033 18944 1a:
14_ | 192 | 17789 | 033 | 1694418056, 30 202 20227 033 16844 :
UcrLc= 20721 |15 | 186 | 17952 033 | 16944 18056 31 | 205 20261 033 16944 18056
Cl= 6'3SS 16 197 | 18301 | 033 [16944)180.56, 32 . 197 20165 033 16544 18055
LeL — 0:'Q00
Sa31
= = ~ |75 and L=2:982
Choose ’
Step 4: Construct EWMA control chart
20000 — - — r JEm—
’
19500 K
190,00 /-"
185 00 ,_, Ay _—
e — ——
17500 = —— m mm e m e f o e m e e a e - --- il
- = CL
170.00 v
— UL
165 00
N,
160 00 -
155.00
150 0O

12345678 910111219141516171819202122232425262728293011 32
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Exaraple of Slobbina, Cortreol Chons ¢

The specifications on a critical dimension of a process subject to tool wear is 0.644

+ 0.004. Thirteen samples of subgroup size 5 are collected at every half an hour

interval and the xbar and range computed. The data is given below.

1. Construct a slopping control chart to monitor the process

2 Estimate the duration and number of samples after which the process need to
be reset?

3. How much should be the reset value?

Sample | xbar | R | Time

L1 osar7 00011 b X = 0:6437
2 06418 = 0.0016 5 T =0-00l0
3 0.6424  0.001 4
4L 08431 00015 3 R Qhood ¢
S 06433  0.0009 3
6 06437 | 0.001 1 vel = 0:0021
oo | 000w | 0 cL = 0:0010
28 | 06436 | 0.0004 | 1 .
9 | 06441 = 00006 & 2 LeL = 0:00
10| 06444 = 0.0011 3 e —
11 | 06456 00009 = 4 Ga\"a\ﬂ\ Analyaist
.12 | 06457 | 00007 @ 5
13 | 06457 | 00009 & 6 Mean = 06437
. 3D = 00009
I———-———-—-—W&‘-r———— ——— USL = 0‘6480
[ 06455 //‘ L]L = 0'6400
0645 / ! QF - 5\0?3 > i '
06445 /‘/‘

0,644 /
y = 0.000329x + 0 643700 |
. L ]

o Af 0932561

x &

xbar = 0.6437+ 0.000329h
TInthal set ub %o'm’c'.-b ?in':h‘at — LSL4+LE = LSL+4¢ =0'6417
Reset boint:- 73&m1 = USL—4@ = 0+'64€3
Trtenval beaeon wesekz - C';,-(' f—'mdl__ﬁ in'r\%a'L) / lobe
66463 — 0 eN7 ~ 14
. 0:000329
Conolusion'= Resak +he process aften 14
Gh ok of X = 0:6417 . Sinew AdwmBliny %huuuneﬁ

m.doanokd% 4o Inthal axt
is hq\g an houn

vwesdk e brocess at eveny T hng
Tome 1 tonmespond o ‘ntHal sed Tp roint f = Xinta =2 _ 66417~ 0645
o 0:000329

= —@
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Time h canneshond o Resat \m'inlf

% - .g%na.\_ a
|

Time | Sample xbar | CL (Model) LCL
e + - 4 - i — T
6 | 1 | 06417 | 06417 | 06411 |
5 2 | 06418 | 06421 | 06415
e + - oy o — — 1
4 | 3 | 04 | 06424 06418
= 4 06431 = 06427 | 06421
-2 5 06433 06430  0.6424
< 6 0.6437 0.6434 ' 06428
0 7 06433 06437 . 0.6431
1 8 06436 = 06440  0.6434
< 9 . 06441 06444 | 0.6438
3 10 06444 | 06447 | 0.6441 |
2 ., 06456 | 06450 | 06444 |
: 12 06457 | 06453 | 06447 |
6 13 | 06457 , 06457 06451 |
I 12 1 06460 | 06454 | |
S = |
ues |

| ==

|

v 31 a
Su;xnlcuuuu

ucL
0.6423
0.6427
0.6430

1 0.6433

0.6436
0.6440
0.6443
0.6446
0.6450
0.6453
0.6456
0.6459
0.6463
0.6466

0+000329
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Examble a'gj Shont  fnoduelion Runa'—

Example
Use the following data to set up short run xbar and R charts using DNOM
approach. The target dimensions for each part are T,=100, Ty =60, T =75 and
T,=50
. Sample :Pan lypu: mil ] m2 } m3 Il Sample ;Parl Type_l_ m1 | mz m3
| v | A 105 102 103 | M | ¢ | 77 | 75 74
L2 | A } 101 ] 98 ‘ 100 | 12 l c , 15 12 79
3 | A | 103 100 | 99 | 13 | C 74 5, 17
a A |0 104 97 14 |, C 73 6 75
5 A 106 102 | 100 15 D 50 51 49
6 B 57 60 59 18 D 46 50 50
7 B 61 64 | 63 17 D 51 46 50
8 B 60 58 62 18 D 49 50 53
9 C 73 | 15 77, 19 D 50 52 51
10 c 18 , 715 | 16 | 20 D 53 51 50
Compute x, = m-t;,
Pan Part
Sample  Type mil m2 m3  Sample Type m1 me md
1 A 5 2 3 1 | © 2 0 1
2 A 1 2 0 12 C 0 3 4
3 A 3 0 -1 13 c 1 0 2
4 A ¥ L3 -3 14 C -2 1 0
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