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Inputs (Factors) Outputs (Responses)
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7 QC Tools

* grgfnwaniwiiiivasdeynn n1sAaaan wIsInaIRUANUNEIAYvaIUYN N9

drsraanmiagiuuasldyn nsAunmuazimszimanunvesdyninunass el

anansaunlulaegngnaas nasnaudelun13ININUINTEIU LAZATUANAAATUNABENY

foLlag

A010UUINTAINYIULAIVIRA

National Institute of Metrold

- ™) ~ ™
Cause & Effect Diagram Flowcharts Checksheets
: i % | g ir— p—" ir— ——
*\.\ ...... ===t :'.“.
- 1!'."'.| .:1-'.| JELT . e " T | 1 - | I - 1
\_ ) L) F N I S I S— R 3 .
' ™ N ™
F‘aletﬂ Diagrams Gnntml Charts
I I l lan N
o _f__‘#*
v SN NN v
™
ThL i QC Tools et e The 7 QC Tools
_ﬂf ¢ @ 4 ('.:_L"-_i
Z -
b i -
4 Ir L




o M 011100 anﬂmaq ﬂa%%é’wﬁm%mmsmam n159nLaelanas

9/

@’]Q@QLL‘U‘UL@EJ’M‘U %ﬂ%ﬂﬂﬁu}l’JUﬂ’]ﬁ G]QLLG]ﬂ"IiiU’Jﬁ@LGU’]
(s

U ﬂ’]ﬁﬁﬁ)’ﬂﬂ@‘U LATN1SINES A28 ARSI

( ﬁﬂ'\U‘IJSJ'WI‘J'J‘VIEJ']LLWQ"U'm
National Institute of Metrology (Thailand)



AUFIAEYVDINIIIN

o vdnmsiugiuessiafigndesiio nsmsaaeuliiulaimnaudidan
Aertesfumsnaniiinuylunisin uaziasesiiodnayldsunsinnisuagld
9UBLNYNADY wé’ﬂﬂﬁﬁugmmdﬁ%ﬂizﬂauﬁuﬁﬁwﬁu “AITAIVANNTS
o Fadunwnfavdnveanisauaununm wagldnanedunnsguniles
szuudnnisdnunsta (dud 1SO 10012) uenaniifdaduldnsnsadey
foundumaunasineiiefudsziunnugnisseinisindndne

purrne AL 51870602 1876 T Lanay

() A010UNINTINY LAV

wr  National Institute of Metrology (Thailand)




USunmAidasngie

Measurand (Y)

() A010UNINTINY LAV

wr  National Institute of Metrol

HEmar=

» =i o e |
s

e oy S e e g (e s e
o] Measurement Result (y)

NRN1ITAN L

=t
e e | =
dirieed =ity —m—————p
Tty =
1.'::_. -

=
h

E

1
k3
|
E
el

L
=

RINFINANIZNUAINAAINUNWEIVDINITIA

. UAAINT
Qmavﬂwm:maam?aaﬁm”@
NRITNFNINULIARD N
N3INITANTIG

1 1 dil = o U

AN LUV IAIBINe (ANURBUNAL ba )
RBEEV PR

N3UUAGaRINGBINIIIN

ogy (Thailand)




M13RIUFIAR EUISTTN

LENITUTENUAUNTN VB LATDD TR

A01UUNINTANYILYIYR

National Institute of Metrology (Thailand)



= dil -5
ROULNBUULAINIG

sUlUIIgIBNALATEING

= = 6
LNYUY Error nULN UM

11A1 Uncertainty 989
\wsasilounAnsIudiewie
AU Uncertainty 989
NaN13IA

y A0TUUUINSINYTILAIVR

National Institute of Metrology (Thailand)

N LT TS

TRNCTIE AL

S189IUNAIN

unwenowent

FeTaNUITUUG I




Precision (A213t184)

®* The closeness of agreement between independent test

results obtained under stipulated conditions.
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Accuracy (A333Y)

® The closeness of agreement between a test result and the

accepted reference value
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Uncertainty
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Upper
Limit

=

(1) (i) (iir) ()
Result minus Result above Result below Result plus
expanded limit: limit limit; limit expanded
uncertainty within within uncertainty
above limit expanded expanded below limit
uncertainty uncertainty
interval interval
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2 LSL 1 uUsL 2
| OUT OF TOLERANCE TOLERANCE | OUT OF TOLERANCE
'
4 c LEGEND
SZk 1 | DESIGN ] .
0 gz C: Design phase
suz 6 | Il D: Verification phase
2 VERIFICATION | 3 :
d 5 o 5 1: Tolerance inlerval
S§z = 2: Out of tolerance
e ' 4 5 3 5 4 3: Acceplance interval
4: Rejection
REJECTION REJECTION 5: Guard band

6: Increasing of
measurement uncertainty
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ILAC-G8:09/2019, Guidelines on Decision Rules and Statement
of Conformity

Upper Specifcation ¥ . . 1‘
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Lower Acceptance LIMIE oo e it i i i
| nwier Specification

R
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Siifentof Confomange . Pass ConditionalPass ~ Conditional Fail = Fail

U= 95% expanded measurement uncertainly




7.1.5.2 Measurement traceability

When measurement traceability is a requirement, or is considered by the organization to be an essential
part of providing confidence in the validity of measurement results, measuring equipment shall be:

a) calibrated or verified, or both, at specified intervals, or prior to use, against measurement standards
traceable to international or national measurement standards; when no such standards exist, the
basis used for calibration or verification shall be retained as documented information;

b) identified in order to determine their status;
¢) safeguarded from adjustments, damage or deterioration 6-5 Metrological traceability -

d subsequent measurement results. B
status an q 6.5.1 The laboratory shall establish and maintain metrological traceability of its measurement results

by means of a documented unbroken chain of calibrations, each contributing to the measurement

The organization shall determine if the validity of previous m uncertainty, linking them to an appropriate reference.

affected when measuring equipment is found to be unfit fo

ropriate action as necessarv. NOTE1 In ISO/IEC Guide 99, metrological traceability is defined as the "property m‘:a measurement result

approp ¥ whereby the result can be related to a reference through a documented unbroken chain of calibrations, each
contributing to the measurement uncertainty”. :

NOTEZ  See AnnexA for additional information on metrological traceability,

6.5.2  The laboratory shall ensure that measurement results are traceable to the Internaticnal System
of Units (S1) through:

a) calibration provided by a competent laboratory; or
_NOTE1  Laboratories fulfilling the requirements of this document are considered to be competent.

b) certified values of certified reference materials provided by a competent: preducer with stated
metrological traceability to the SI; or

NOTE2  Reference material producers fulfilling the requirements of 1SO 17034 are considered to be
competent.

c} direct realization of the SI units ensured by comparison, directly or indirectly, with national or
international standards.

NOTE3  Details of practical realization of the definitions of some important units are given in the 5] brochure.

6.5.3  When metrological traceability to the SI units is not technically possible, the laboratory shall
demonstrate metrological traceability to an appropriate reference, e.g.:

a) certified valies of certified reference materials provided by a competent producer;

b) results of reference measurement procedures, specified methods or consensus standards that are
clearly described and accepted as providing measurement results fit for their intended use and
ensured by suitable comparison.

) A01UUUINSINYTLAIVR
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Revision of Sl units Qs
a

Effective from 20 May 2019, the International System of Units, the SI, is the system of
units in which:

» the unperturbed ground state hyperfine transition frequency of the caesium 133 atom
capital DeltanuCs is 9 192 631 770 Hz,

the speed of light in vacuum c is 299 792 458 m/s,
the Planck constant h is 6.626 070 15 x 107 J s,

the elementary charge e is 1.602 176 634 x 107 C,
the Boltzmann constant k is 1.380 649 x 1072 J/K,

the Avogadro constant N, is 6.022 140 76 x 10%* mol™.

YV V. V VYV V V

the luminous efficacy of monochromatic radiation of frequency 540 x 10'? Hz, K_ . is 683
lm/W,

where the hertz, joule, coulomb, lumen, and watt, with unit symbols Hz, J, C, lm, and W,
respectively, are related to the units second, metre, kilogram, ampere, kelvin, mole, and
candela, with unit symbols s, m, kg, A, K, mol, and cd, respectively, according to Hz = st
J=kgm?s% C=As,Im=cdm?m?=cdsr,and W = kg m? s~
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Monodispersed Polystyrene Particle
1) Nominal diameter 150 nm (145 + Thalland Refeggnce Materlal
2) Nominal diameter 1.5 um (1.452
3) Nominal diameter 100 nm (comi

4) Nominal diameter 500 nm (coming

Price: 5,000 THB / 10 mL

“fed Reference Mater lertified Reference Mater?

TRM-M-9001 TRM-M-9003
Nominal 150 nm Nominal 15 pm
Polystyrene Particle Polystyrene Partice

L T ;
I :': o Metrology frnn-‘ﬂ""] 'of Metrology ﬂhm_"'"ﬂ
- Fo.+66 2577 3659 0, Fax.+66 2577 3657
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QUALITY CONTOL
(QC)
Internal Quality Control External Quality Control
(1QC) (EQC)

Provide insight into the
complete workflow of
laboratory

To mg!ntair! the validation MEAEGHTEE 10 assure_t!'le

conditions in the comparability of results

laboratory between laboratories

ACTIVITIES ACTIVITIES

» | Repetition of analysis » | Proficiency testing

Comparison between schemes
analysts

Use of reference materials

Control charts

Etc.
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Repeatability (n15nugla)

® Precision under repeatability conditions.

o anufissmsianeldyavesdeulvaruniudldvasnisia
Repeatability standard deviation

® The standard deviation of test results obtained under

repeatability conditions

() = Jnl_lZm gy
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Reproducibility (AU La)

® Precision under reproducibility conditions

* AMUNYINITIANTY LALDULYA TN LAVDIN15IA

Reproducibility standard deviation

® The standard deviation of test results obtained under

reproducibility conditions.

S(@) = —— (G~
n—1+
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Proficiency Testing (PT]
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Proficiency testing

® Evaluation of participant performance against pre-established

criteria by means of interlaboratory comparisons

®* Some providers use the term “External Quality Assessment (EQA)”

for PT scheme. Organising Laboratory Participants

Prepare samples - Examine samples

‘ Analyse results - Report results
-

Prepare report

( A0IUUNINTINYILAIYR
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BIPM
o

Inter-laboratory comparison

INTERNATIONAL RECOGNITION

Country A Country B
A AN
2 &
0 N
Legal < {Q-) Legal
metrology & -%) éﬁ, n;etrolggyd&
Accredited = redit
Calibration <, < Calibration
Lab L2 /S' Lab

Company A Company B
8 TmginLab B 8

81989: Clemens Sanetra, Rocio M. Marban, 2007
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Scheme for key comparisons

mjm

RMO key o9
COMpPAansons

BIPM

CIPM
key comparisons e \
<

RMO key T
COMmparsons

="

AMO key
compansons

MNMI participating in CIPM key comparisons
MMI participating in CIPM key comparisons and in BMO key comparisons
NMI participating in BMO key comparisons

NMI participating in a bilateral key comparison

L
4
O
L1 wmi participating in ongoing BIPM key comparisons
>
[]

International organization signatory to MBA
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[Ex. P4 (100 nm PSL) particles]

Particia sze (nm)

N\

Lab data MRVs
: :uu P4 (100 nm P 1St Step 120 5
. o ST [——
‘=.H:'=_£ 104 .
& ‘E‘\“ : 1 '\
%} "1y 3 E @HF\ : =X * )
v i EN ‘\,___1‘ -------- _—-__,.r"'
- Laboratory AEM ELM IS DMA  SAX
Measurement Melhod
\ DoE 2nd step
oe(x
3rd step ;)

GRV: [depy: 1(depy)]

Figure 6. the schematic description of the 3-step method for the DOE

() #010UNINTING 9B
National Institute of Metrology (Thailand)

NIMT




A the assigrid vakia
and its uncertainty to be detemined
before e proficiency besi?

WO

Activities requiring the sttt

use of statistical methods

Apply one of: Apply ona of:

5.2 Farmulation 5.5 Consansus value from axpan

5.3 Cortibed roferoncs values laboratories

5.4 Roference values 5.6 Consansus valua from partcipants

Daterming thi stardard
denviation for i

assossment balore tha
proficiandy last

1) Determination of the assigned

value

one of Apphy
l l o f f Check the mathod n!daarmlnng 6.2 Presdribed valuos B8 From data
the nid vilen 3 i
2) Calculation of performance S e . AN S Stabedb e
urcartainty of the assigned values 8.5 From the results of o precision tesling schama
aEpariment

statistics

Chack the numbser of repicale
maasurements 1o be used using

3) Evaluation of performance L T

Conduct a round of the
proficiancy tasting schamas

Y

4) Preliminary determination of PT F———

fae thee rsndl Ligang one al:
7.1 Estimates of laboratory bins
7.2 Percentage dilferences

item homogeneity and stability T3 Rmks o soc e |

7.8 E_ numbers
76 Z™-scoves
T.7 Crscoves
T8 E, scores
When appeopiate, apply: Prasani tha parformance statistics for tha Combing the performance stalistics
5.7 Comnparison of The assignad rownd graphically using coe or more of: OveF BevEral rounds uding ome of:
g B .2 Hislogram of perdormance scorms. 9.2 Shewharl cortrol chart for £.5coes
6.7 Companaon of pracison waluis &.3 Bar-piots of standardized laboralory biases - 9.3 Cusum conlred chan for Z-scones
derved frem a prafickency best with | B4 Bar-piols of standardized repeatabsity 9.4 Plats of standasdad Inboralory
estabished valups measurEments Biasas Sgaine! bGTOny AVEragas
&5 Youdan Piol
B Piots of repeatabiity slandard deviations
B.7 Spill samplos *
Raport the results to the paricipants

Return o
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Statistical determination for scores

1) z scores and zeta scores
— |Z| <20 “satisfactory” performance and generates no signal
- 2.0 < |Z| < 3.0 “questionable” performance and generates a warning signal
— |Z| > 3.0 “unsatisfactory” performance and generates an action signal
2) En number
— |En| <10 “satisfactory” performance and generates no signal

— |En| >1.0 “unsatisfactory” performance and generates an action signal

4

ar

2.

F=500re
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Over time performance monitoring

® To see variability in participant’s performance.

®* “Shewhart” control charts is widely used

Example "Z" Control Chart

Considara procasswhera thare ana thres saparale prodocionmuns, productd, B and C©
Iftva standardized mears ara plothed for the three consocutive runs, wa might seoa graph as follows.

Upper Contrel Limi | [
Produd A Hn 1 Prtint B —Hiun 2 { Froded - Huni X

Cargar Ling E B - r.?‘ W —-

Lewssr Cioniral Limit

in Roun 3, Praduct &, there lacks %o bo a grester level of wanation wersus the eardier nuns.
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19NE1591994

**1SO 5725-1-6: 1994

Accuracy (trueness and precision) of measurement methods and
results

**1SO 21748: 2017

Guidance for the use of repeatability, reproducibility and
trueness estimates in measurement uncertainty evaluation

**1SO/IEC 17043: 2010

Conformity assessment — General requirements for proficiency

testing
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Planned PT Program

%% o

. _.. "
particles | '.’.. ..
— Diameter range 50 nm - 1.5 um ..... \.

wERE

® Polystyrene particles was Gold

* Method allowed

— TEM, SEM, DLS, AFM, “18*

R

® Time schedule

— 5.A. 2564 - 3.A. 2565
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