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[ Quality can be quantified : j
@ = quality —")J
»
G = performance (Organization determine
V
G: expectations (Customer determines)
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Standard Deviation: Square Root Of the Variance
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Types of uncertainty-Calculation

Example
: — 1 q,+9, +q;---q,
g==2.0; =
Four measurements were n< n
made to determine the
repeatability of a |1 o E
f

measurement system. Th

results obtained were:

3.42, 3.88, 2.99 and 3.17
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Types of uncertainty-Calculation JOJa Type A
The Solution: /

1 < 342+3.88+299+317

The meanvalue ¢ = —Y'q . = = 3.365
n <= 4
n 2
The estimated standard deviation siqj 1'|| - 1“ [qj q P = 0386
The experimental standard deviation of the mean s[fﬂ: S[&} = D'SEE =0.193

AN 4
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Types of uncertainty-Calculation Of Type A

Example )

g=lvyg 979700,
Four measurements were made n<g n
to determine the repeatability of
a measurement system. The ) |'|— e 0 )
results obtained were: \n=1%
119.87, 120.03, 118.99, 121.00 ()= 29

and 119.85



Quality Control Charts

Quality Control Charts

< /




Course Introduction

Accuracy &
Precision

<

R-Chart

<

X-Chart Agenda

Exercises



Quality Control Charts

3-1 Accuracy & Precision




\ Quality Control Charts

W

Difference between Accuracy & Precision ]

N
\
N
\
N
N\
N\
\
\
\

psidl e )i Al o lasde Juan Gl dadidl sy of il yidl gao ol 3 )

Losle gaialidsanyall /| O*

_Accuracy
\x

baugiall Jo> gitill ptiigaa (M)

. “Precision

S dussdd Jaasdadd da (e Clusled il ya Glasdl dds | S \
s bl ) U gl gy B

(L0863l Juadi — Lol




Quality Control Charts

Difference between Accuracy & Precision

a)
Precise and Accurate
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(b}

Precise and Inaccurate
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(c)
Accurate and Imprecise
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(d)

Inacuurate and Imprecise
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Control Chart Factors - (pilnal1 Jgaa

“i:!: Js X-Charts R-Charts R-Charts

(n) (A) (Dy) (D,)

1.880 3.267
1.023 2.575

0.729 2.282
0.577 2.115
0.483 2.004
0.419 : 1.924




(For Example: )

degoaall ad) uublis degoro J Jala deyjill gubrsll il

1 2 3
0.5014 0.5022 0.5009

4
0.50217

0.5020

0.5021 0.5041 0.5024

0.5018 0.5026 0.5035 0.5023

Olgo dds
0.5008 0.5034 0.5024 0.5015 bl
0.5041 0.5056 0.5034 0.5047 & st
ds gosxo



advisor

(s’.’ll.h.wg.'i.oll haugio + cilegaaall d1aol huugio Jo LS Juci ,J.i]lg)

dire J8 a0 diuc J5 buugio

Group Records l l

Number 1 2 3 4 R X
1 0.5014 0.5022 0.5009 0.5027 0.0018 0.5018

2 0.5021 0.5041 0.5024 0.5020 0.0021 0.50217
3 0.5018 0.5026 0.5035 0.5023 0.0017 0.5026
4 0.5008 0.5034 0.5024 0.5015 0.0026 0.5020
5 0.5041 0.5056 0.5034 0.5047 0.0022 0.5045
c- - - -"-"-"F""""-""="-""-""""="-—"="7""r—— _ SR \
(___ Glscllgros yaobwgio  R=0.0021_ |
(/" "2 0 T T T T T U R R e TR v U wmimmia \



vality Control Charts

1 (niloal Jgay dilciwally (raoll aidil huall agas wilus ai

= 4.

>

282

2
1

2.
0
0.729 (later)

D
D
A
R =0.0021

UCLg=D,R =2.282x0.0021=0.00479
LCL;=D,R =0x0.0021=0




Quality Control Charts

Control Chart Factors - glesl 1 Jga>

3l ZGilssc
degaxo JS

(n)

~NOo ok WwWwN S

X-Charts

(A)

1.880
1.023
0.729
0.577
0.483
0.419

R-Charts

(Dy)

o O

O O OO

R-Charts

(Do)

3.267
2.575
2.282
2.115
2.004
1.924
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IFCS
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Xchart huwgioll asaill alayjs

D G9buadl JGald Gl baadl 3gas (i

UCL, =X+ AR ‘/‘\ Jagiall AV dll
LCL, =X-AR 4  hugial g¥lux

X = 0.5027

1J9=;._||0‘°Q_!lj'_ll Joleodl 2229

112X

A =0.729
@« B D\
UCL, =X+AR  =.5042
LCL, =X - AR =0.5012

- Y




Quality Control Charts

Control Chart Factors - quLn;I 1Joa>

Jala gilidl) aae

X-Charts

(A)

1.880
1.023
0.729
0.577
0.483
0.419

R-Charts

(Dy)

o O

o O OO

R-Charts

(Do)

3.267
2.575
2.282
2.115
2.004
1.924
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buaugiall aSil dby s3> X chart

0506
adiie ~——UCL,= 0.5042
0 504
=3 0508
0403
J ans
0502
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Julis dcgoa0 15 aacl Glwlis 5 il

degoxall X1 X2 X3 X4 X5
1 36 35 34 33 32
2 31 31 34 32 30
3 30 30 32 30 32
4 32 33 33 32 35
5 32 34 37 37 35
6 30 32 31 33 33
| 33 33 36 32 31
8 23 33 36 35 36
9 43 36 35 24 31
10 36 35 36 a1 41
11 34 38 35 24 38
12 36 38 39 39 40
13 36 40 35 26 33
14 36 35 37 34 33
15 30 37 33 34 35 33.8




N =15
@n=5:
[~ R=7133 0 s |
( X=33.893 lrugial @WJ
4 : 6old Tl g )
D1=0 D2=2.115

UCL=15.087 LCL=0
a /

(A=0.577 ) : lawginll lall .33.\.>\
UCL =38.009 LCL =29.771
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Estimation OF Uncertainty

Fourth Module 4
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Estimation OF Uncertainty
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Estimation OF Uncertainty

4-1 Introduction's
Definition



Estimation OF Uncertainty

Introduction

In many aspects of everyday

life, we are accustomed to the -
DOUBT that arises when

estimating how large or small

things are. \



Estimation OF Uncertainty

Introduction

We could, of course, be abit more specific

We could say,

“itis 23 degrees Celsius give or take acouple of degrees”.



Estimation OF Uncertainty

Introduction

For example,

We may be more sure that our estimate is within,

say, 5 degrees of the “true” room temperature than

we are that it is within 2 degrees.
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Introduction
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Estimation OF Uncertainty

Measurement Uncertainty is:

An estimate of range of values about the measurement value in

which the accepted value is believed to lie.

digro dis d>yay Jusiol] deded | dosdll 4503995 O Ml piall Jg> ol g
- LAY * . ”e . - ....-I-LII
bl 8 dasll d>ys 0 Jadiga 77,
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Difference between error & uncertainty

(zl gl ol dsngoni g yiial Lol
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4-2 Sources Of Uncertainty
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Operator performs- physical & emotional ]




Estimation OF Uncertainty

Introduction

We could, of course, be a bit more specific

+2
-2

We could say :

“It iIs 23 degrees Celsius give or take a couple of degrees”.



P

Estimation OffUhcertainty

Sources of uncertainty

But there are Still Some Doubt

_______

“Is the thermometer accurate?” f
T~

“How well can | read it?”
T~

“Is the reading changing?” _|

“] am holding the thermometer in my hand. Am | warming it up?”

“Does it matter where in the room | take the measurement?”

T



Estimation

Sources of uncertainty

All these factors, and possibly others,
May contribute to the uncertainty of our

measurement of the room temperature.



Estimation OF Uncertainty \

Sources of uncertainty

Ad d'\'“OHG\ DoUb"S i Temperature
Barometric = Environmental Relative
pressure effects humidity
Electricor
magnetic

fields
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Sources of uncertainty

Add‘ __________________ ; Calibration
________________ Certificate
Environment Reference
standard
Environmental
effects
Resolution
Repeatability (Analog,
Digital)

Drift
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Sources of uncertainty

When Evaluating Uncertaihese items shall taken into

_______ () R

RIS | TestMethod

|
| standard :

J
J

o

" ™\
Connections

\

4 ™\

1 J

l Operators
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4-3 Types of uncertainkl
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Types of uncertainty

Generally, There are two types:

IypeA(u;) Type B (uj)
Evaluation of uncertaintyis Evaluation of uncertaintyis
carried out using statistical carried out using methods
analysis of a series of otherthan statistical analysis
observations. of aseries of observations.
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Types of uncertainty \

O 00000000000 0g

The purpose of the Type A and Type B
classification is to indicate the two
different ways of evaluating uncertainty
components, and is for convenience in

discussion only.

o 0000 ¢

»

o
0 0000000000000 00000000°
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Types of uncertainty

This classification does not affect the estimation of the total uncertainty.)

aut Always rememioer
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Types of uncertainty alculation Of Type A )

Mean

Standard Deviation

Type A
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determine the repeatability of a

measurement system. The results

obtained were:




Estimation OF Uncertainty

Types of uncertainty alculation Of Type A

The Solution

The mean value q = qu = 342+388+299+3.17 =3.365

n<="' 4

2

\l _12[% g) =0.386

The estimated standard deviation Siqj}—

The experimental standard deviation of the mean s(q )= [q’} 0 3E5 =0.193

x-'n NE|
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Typesofuncertainty = StUGUEUIIROIN}T o[V )

Four measurements were made to

determine the repeatability of a

measurement system. The results

obtained were:

119.87,120.03,118.99,121.00and 119.85
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(1 19.87, 120.03, 118.99, 121.00 and 11 9.85)

X=119.95 Second
SD =0.7153
UA = 0.31991
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“]Calculation Of Type B

In evaluating the components of uncertainty it is necessary to consider and

include at least the following possible sources :

A The reported calibration uncertainty assigned to equipment orto reference standards.

The equipment oritem being measured (such as its resolution or any other effective criteria).

C The drift.

The effects of environmental conditions on any or all of the above. D

B
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:}Calculation Of Type B

For example (Calibration certificate & Resolution)

i ¢

::::r:::a;:;;;: !!!!! : '-.' ™ m‘ 'T‘i"‘]'!')':""l'ff"'_?"'"' 1 T P
EEE.8 -1 2 PR | 7 e e noe
— ‘ : = Flexible Stainloss Steel Ruler e
A1 B e e e R s 1v A SO g e & g =
| ‘l |2i 1@; 4 '5! 8{ (71 re} ‘g ITO‘ ﬁi *---._.—..___... —.-:;’ 1 R 2L Mg 4 1

n. } 11 | g /! s 4! “
4 it — o o 3 t—
T R o S B e Ttcevevivayizaciqt

D2

230 - 23.5- 240 2351 - 23.52 -
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4-4 Combined & Expanoe
Uncertainty
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Combined Uncertainty

Combined Uncertainty (uc) or (uij)

Therootsumsquare (RSS) combination of type Aand type B.

(uij) =V (ui)2 + (uj)2
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Combined Uncertainty

The expanded uncertaintyis equaltothe combined uncertainty

multiplied by acoverage factork

(U)=+k(uij)
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4-5 Probability DistribUEHR
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Probability Distribution

If we have aset of numbers like that:

743

740

741

746
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Probability Distribution—Normal distribution

The frequency distribution will be as follows:

30

25

20

15

10

26
14
11
6
742 t0 764 737t0741 73210736 72710731 72210726

=

30

25

20

15

10

26

el

/11

/

s

74210764 73710741

73210736 72710731

72210726

Normal Distribution Curve

-
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Other Probabilities for individual components

LJ probability p I
xi -a X Xi+a

X; -2a X; X;+2a

U-Sh Triangle Normally Digtributed

is available,

: rpnation
If more info ons may be used.

Different distributi




Estimation OF Uncertainty

As some of the inputs are expressed as limitvalues (e.g., the

rectangular distribution), Some Processing ls Needed to

CONVERT

Them into this form, whichis known as astandard

uncertainty andis referred to as u(x.).
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If a coverage probability is
not stated then a rectangular
distribution should be

assumed.

Distribution

Devisor

V3

™

\2

V6

U/K

Where "I is the confidence level
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Coverage factor (k)

-0 + 06 -26 +2 6
The probability that asingle measurement The probability that asingle measurement
lies withintherange Xm * cis lies withintherange Xm * 2cis

approximately 68.27% approximately 95%



Estimation OF Uncertainty

Coverage factor (k)

X

m

-306 +3 6
k3

he probability that a single measurement lies
ithin the range Xm = 20 is approximately 99.73%
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@ -2 - +7 +20 @

_______________________________________________________________________

bl 39l g giiall b Ciidiill yulsdo

dastlplasa of sl s
skl gajeil i 4> Gidl

; (Normal Distribution)

39 da> (il duloell §yain

: JEIIS

49»&,6 953 g.“\.".n.ll O0%68.3
(Hxal c

ag»@&gﬁ@lﬂl@% 954
i (u £ 20)

394> 58 ()9S giiall 90 % 99.7
(4 + 30) :
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Coverage factor (k)

Is a value between 2 and 3 selected based on the desired

confidence level and the number of degree of freedom (v)

-~

(U) =+ k (ulj)

\_
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Coverage factor (k)

If the Coverage factor (k) is not specified , or |
Type A is very significant part (>50 %) of the
combined standard uncertainty,

| (U) =+t (uij)

P e o o o o EE EE EE O O EE EE EE EE D D EE EE EE EE EE EE EE I EE EE EE EE EE EE D D EE O Em mm e .

i
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Using the Welsh — Satterwaite Equation

Using trails and error method

Where:

H:j' (v
1 4 (v )

o,

v eff =

Uc = Combined Uncertainty.

Ui = Individual component’s Uncertainty.

v; represent the degrees of freedom of the type A contribution = n-1.
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C Estimation of Expanded Uncertainty >

/
(Uexp) == K (Ucomb)
IfU,<0.5U,,,, Use: k=2
IfU,>05U_,, Use:
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4-6 Reporting GUncertainty



o
%

L)

¥ 5

Estimation OF Uncertainty

Reporting The Results

~N

After the expanded
uncertainty has been
calculated foracoverage
probability of 95% (K=2)
the value of the measure
and expanded uncertainty
should be reported as

YU

\_ J

231 0.1
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Suggested Simple Form for thelUncest

Source of Uncertainty Distribution| Divisor Contribution
1 U(A) Norm 1
2 U (B1) Norm 2
3 U (B2) RECT 1.73
4 U (B3) RECT 1.73
5 U (B4) RECT 1.73
6 U (BS) RECT 1.73
Combined Uc
. K=2
Exp. Uncertainty (U, ) (= 95%)
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