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What Is a Control Chart?

A statistical tool used to distinguish between process variation resulting

from common causes and variation resulting from special causes.

Why Use Control Charts?

» Monitor process variation over time

» Differentiate between special cause and common cause variation
* Assess effectiveness of changes

« Communicate process performance
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¢ Individual values (X chart) (Levey-Jenning chart)
Average (X chart)

Median

Range ( R chart )

/" Variables$ Standard Deviation (5 chart)

Quality score (Q chart)

Demerit (D chart)

¢ one subgroup Multi-response chart

for each plotted pui|1r< ™ Trend chart

Proportion (p chart)
L. Shewhart Control Number of nonconforming units (np chart)
Charts < . Attributes]  Count-number of nonconformities ( e chart)
Number of nonconformities per unit (u chart)

=

Moving (X) } II‘ Variables
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for each plotted point | EWMA (Exponentially Weighted Moving Average)
CUSUM {Cumulative Sum)
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Attribute Data:

This category of Control Chart displays data that result from
counting the number of occurrences or items in a single category
of similar items or occurrences. These “count” data may be
expressed as pass/fail, Yes/No, or presence/absence of a defect.

Variables Data:

This category of Control Chart displays values resulting from the
measurement of a continuous variable. Examples of variables
data are elapsed time, temperature, and radiation dose.
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To make control chart we can use:
Individual measurement

= Characteristic determined

=  Characteristic not determined

Repeated measurement

= Characteristic determined

=  Characteristic not determined

oy Aibind) Bl agess (14 €198 i

TYPE i gl

dadiiiical) diwll

X-Chart | hugiall bplll aw (1),(1v)

R-Chart| (el bual) au (1),(1v)
D-Chart| gl iwdl vl am) (1)

r-Chart | dl) gaall laulal) o (1),(V)

X-Chart Lugiall hual acl) .1, )
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Upper Action limit (UAL)

ETBNENEN

Upper Warning limit (UCL)

B "t i Gl pialla
I
2| [=+2S,
5
@ L Centerline (CL)
2 pho=- ———T—- ——————————— § bl
S
% N
© £28, &
x
g N
q ) f -3Sx
Lower Warning limit (LCL)
P T 4  [esssssssssssssr 4 ‘r,‘_..,' )’;‘:I -
Lower Action limit (LAL)
¢ A
A

' date

Batch No. 4l 4

o giall Jasal) oy £ L) Adss

Jae ) peaiall Bpuld A prmad ol S Aaslae Aumage Aie adiu) e
cAladiuly byl sy

o ol Anliad A oy Lagy Yo 5add ) Sie JS5 Lagy Al ol (ol 2 @
Ol Dse ae dapkall

et sl Amgliad @lldg Auld) asuyl) Jae as oY1 pailiad (any s 5y @
(Accuracy) 4sal s =
Adal) dadll ) anld dhall jeaiall CBSH af A gaay Bl e apryy ®

 iall
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Maximum ) .=iYl; (Minimum Recovery) iV} 2ainl) dagy 4ic jumy =
-(Recovery

100 x <Lwl @l e 52) 3 (8

= SNV gla auy) A
YT )

100 > lwlidll e 30 j8 el

= 5 sl g la SV dad
s

sl Al ) clulall e € dae daiigia A :(Trueness) Qidluas) =

X >~ 100

1Akl Japdal) aguny el aladicd

NORDTEST Interpretation  .ag alaiiu) .

daia e ety KA Al s Bk e Sl 4nd sl Gk ge W L e
Ll

Tgnapal 5 Al Lal (i (o A (s Gl Sy, @

Luﬁup Luall Sl syl dee L &8 Al (LCS = Laboratory Control Sample)

c Pl apll e das gial)

Interpretation of Control Charts :ziliill s
slede 0S5 O ng LSl Lelsd oy oSl lady ) Jad o Lo ot ) Anl)
shal S s of (el dlaal o o1y Aspal) Jilas sale) siny Yy cplad

- Jallal)

s Alal oda by aSaill Ui " Aagn e Saill bl 358 Jaad N dagl) w
Slelya) e S 505 Gang Gll3 axyy gl s ASEAN 2aad i ) Gl
Al LS Leapnaai] AU 3Al Leday ASa e Copmill Cany &5 L il 5asa
I g0 cilS Al Aagill Qi 2 Al Jlatsole) s 8y .ol 8 ddy
syl dagilly oSl
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dsall Chlial e %0 Apy GHEAY) (e %) v A Jidad &y o Juadall e @
Aliie de Jalad ey Lee 2483 GlineS (PH g puel) () cilial) e Jio)
Jilas &y Jerall zyld las) Jy L Jexddly clie Y+ S (Duplicate) J8Y) e

ol L Bl g

o 08 O G cGilfabadde 5 PPM skl ehn Guldl) Baa aladiu) Alla &
%)+ e Calaty|

A 08 o) g Glfabas Sae o PPD sl (B e3a el Basg aladiad Als &
JoY e e Gl

Jai Fusalall 5o bl Jimast 2y Y dail) 3Uad o)A il Gued AaaMo dlls 3w

et (3l g )la se i ol Jimnti 2y Y

LGlaill oo dail) s A e 2aa) Jdlal) Gl 5y .

Ala ) b 4piSe) s 6 digal) Jilatsale) Lyg Jlatll JeSid Copad) 2085 22y @
(lEada o lgiil o

waad] Al sacbie iy Jilladll Galdy) a ASID G st aae Al 4w
A 038 Jag

Lelag Lede Copnilly ASaAN maat 3y Y) Al Alalge Y W

Long-Term Evaluation :4.q) i o alaiiaf .Y

S olsaadl adll ey lpdal) sl e iU @l sagall e Alauls X
o) iy LS ) sladl b s o dae llia & 1Y e Gling)y Gl bl
o) XU e A G L agally 28 jlaiag Javall ulies (bl o Jic o)) alsa
I Galsa dasa s e ol dla gl
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sl YOS AR e bt cany oSal) agaa

EDA PIA \gdle Jpmnll 5l 280 IS Aladiuly saaall aSaill g0 gy S5y
bl oda o el axd aSan ok ¢ )3 Jad cdangiall Tad aaatg 531 sed

(X—Chart) lual) hugiall awyd Sagal) hauia anii .4, Y

Warning rules sy} <lall oa 335al) Java 3y (e da)ll V) it

Javall dgan #Hls afiBaalg dad m

gosnall Bl G saly sl daliie ol dags @
Bylie s Axgliie ol daps
ailiiay Aaslite a8 Gasw @

cgasaall ball e aals Quls e Aagliie A jde (gaa) (e a Byde

Luld L o A0 cluldl cyjnl A juall agadl baa shal ais b
Lal) 03a ey agaallsl) ciligys 115 ppm e ggiai (Synthetic sample)

(In House Material)
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Batch NO (Date), (Number) x, x, X GHG2| Xx- X x— x )
1-Jan-09 116 116 116 1.625 2.640625
2-Jan-09 116 117 116.5 2.125 4.515625
3-Jan-09 114 114 114 -0.375 0.140625
4-Jan-09 112 112 112 -2.375 5.640625
5-Jan-09 114 115 114.5 0.125 0.015625
6-Jan-09 114 114 114 -0.375 0.140625
7-Jan-09 114 114 114 -0.375 0.140625
8-Jan-09 il1e 115 115.5 1.125 1.265625
9-Jan-09 113 113 113 -1.375 1.890625
10-Jan-09 116 115 115.5 1.125 1.265625
11-Jan-09 113 113 113 -1.375 1.890625
12-Jan-09 116 116 116 1.625 2.640625
13-Jan-09 116 117 116.5 2.125 4.515625
14-Jan-09 114 114 114 -0.375 0.140625
15-Jan-09 112 112 112 -2.375 5.640625
16-Jan-09 114 115 114.5 0.125 0.015625
17-Jan-09 114 114 114 -0.375 0.140625
18-Jan-09 114 114 114 -0.375 0.140625
19-Jan-09 116 115 115.5 1.125 1.265625
20-Jan-09 113 113 113 -1.375 1.890625

O Jau ghall Jasial) avu als Waany g (Jgaad) ‘-,52_13_\..;.‘! Sl Cra s slamal) CAl el aleaa Al
Batch No & f
Fad
_ > =
= = L = 114.375 m
~ PP

N

= —2
> (X —x)%>= 35.9375 ppm
i—1

N —

Z(;—; —x)? 35.9375

5= i=1 — 19 = 1.375299 ppm
N-—1

> Centerline (CL) = Mean = Average = X=114.375 ppm

X+ 28,=117.1256 ppm

> Upper Warning limit (UWL)
> Lower Warning limit (LWL) = X - 28, = 111.6244 ppm

=

> Upper Action limit (UAL) = X + 3S, = 118.5009 ppm

=l

> Lower Action limit (LAL) = X - 3S,=110.2491 ppm
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X CHART
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3, 6, 9, /) 7 7 2 % .
o’e‘aa JV@I) g "al)‘o" Jﬂq g V""ﬂg svi"‘Og aVQh‘o" V% 'V‘,’.oo V""os
Batch No

fld) awpl) el
clsdiall Tadll alg Badliy pdaill gam z)ld luld 2 g Y @

t i) 3¢ Adlaadly 482 laie lusy @
%AV, Y=Y+ x([115))Y)= V) g lau¥) dad O
%\~\,\‘=\~~><(/115H1,0)= s adl) t\;}u‘j\&oﬁ I

% ), Y4V, Y =(&B)Ju\)_”)4§_\“ )\.ﬁA .
% 49,8 = V. ~><(\ Yo /\ \ 2,VV)=(:\;¢J\) a8l uadll

R-Chart aall Jasial) au
S s die due f (Rald) daaae il (o) ebil o Gl B Sl s

Ae 33350 8 Usn s i) (e lyginsa ety anusll 138 cpay (Al (il (yo;

Adalis ad
Y4
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. 5 Upper Acnon IiTiI.{UAL}
§ yl aball
-
Y RX :)41
e’
0
g Centerline (CL) ~
T sEARAR 2R
m N
RxD;
Lower Action limit (LAL)
‘ Al
Factors for calculation of standard deviation
from range and construction of R-charts
Number of replicates Central line / Lower action upper
per batch standard deviation limit action limit
d, D, D,
2 1.128 0 3.267
3 1.693 0 1.575
4 2.059 0 2.282
5 2.326 0 1115

tsdall byl any pualic

alia Funnpo 50le 5l Al Al Ans iy Lled G i) a (C L) Lapall Lo
R=d2xswlewdsgé

DyXR = (UAL) golall Lapall 2 m
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DyxR =( LAL) i)l laall 3
D; =0, D, = 3.267
g aall sl aosy xilis e Sy il iy
R =8xdS,= /R

Where, d,= factor of stander deviation

(R —Chart) saall Jasal) anll 5192l Jasds anis

A0V e lal) A Sagall hada (glal e Aaulal) eV e

il IS lia sale) ang Glliyg Japall aa m)la aiisanly dad @

aailite o 3ay)iie daglite Cile)jd daas @

(el Jangia (348 a5 Aaliie el drs @

Cail <l a8l 53eal) Alua sy JIB e Jy oaall i) laill of sal3l e
PURECIA

st Al die o A0V cluldl cysal S peall 3asal) baud el dis :Jla

(In House Material) 4iall 038 auiy agaudls cligys (115 ppm) e
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vy

Batch NO (Date), (Number) | X, X, R IX,;-X,l
1-Jan-09 116 | 116 0
2-Jan-09 116 | 117 1
3-Jan-09 14 | 114 0
4-Jan-09 112 112 0
5-Jan-09 114 | 115 1
6-Jan-09 114 | 114 0
7-Jan-09 114 | 114 0
8-Jan-09 116 | 115 1
9-Jan-09 113 | 113 0
10-Jan-09 116 | 115 1
11-Jan-09 113 113 0
12-Jan-09 116 | 116 0
13-Jan-09 16 | 117 1
14-Jan-09 14 | 114 0
15-Jan-09 112 | 112 0
16-Jan-09 114 | 115 1
17-Jan-09 114 | 114 0
18-Jan-09 114 114 0
19-Jan-09 116 | 115 1
20-Jan-09 13 | 113 0

R =0.35 ppm
D, =0,D, =2.367
Centerline (CL)= R = 0.35 ppm
Upper Action limit (UAL) = R x D, = 1.134 ppm

Lower Action Limit (LAL) = R X D; = Zero ppm
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Analytical Methods 4lLiaxl) 3 ki)

:dglaall (3 k1) 853

Standard Methods [standard setting organization (AOAC, ASTM)].

(ol pia s daliia idand s sl (3)k)

Official Methods [for use by government organization (EPA, NIOSH)].

(s e U (0 o335 Bnnyy G351)

Literature Methods [Analytical Journals].

(Caily Agimal) Dlaally e galaa (35k)
e In-House Developed Methods [Laboratory procedures].
Sl e Jendll Cigyls wDU Jonall J Ga L Jaaeil) 5 gl (3k) Alens (3)k)

(e wlalsaly

Standard Operational Procedures 4.uldll Jaddl) 3,k

> (SOPs)Title

» Summary

» Materials

» Solutions & Reagents
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Interference

Procedure

Range

Calculation

Precautions

Sample preservation
Unit or result expression
Number of result digits
References

YVVYVYVVYVYYVYYYVY

Method validation Jdlaill 3 b 34
What is method validation?

Why is method validation necessary?

When should methods be validated?

Bow b=

How should methods be validated?

043kl 3 i 1ila

O o A glagall AN apsliy pandlly sl g 48kl daia ¢ (38a3) Y ,0,¢,0

Aadlgl A 88 daaa ae (el el claliay)

N ol gllaall ampally & daghall oda cuilS 13 Lo Ay dighall o gad luld
The process of verifying that a method is fit for purpose

sl A pray Aigyhall 3gaally oIV ailad apaa Ly oy A Ayl il Lad oy
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t oY) A jre b Aigylall G540 Jee e

|‘ Which analytes / in which matrices / in presence of which
interferences/ at which precision and accuracy
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