PRINCIPALS OF NIST AND
TRACEABILITY

TTTTT 's Meter School July 11th, 2023

TESCOOL> Carson Scaccet




tescometering.com

WHO IS NIST

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce
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National Institute of Standards
and Technology

USA National Metrological
Institute

Department of Commerce

Gaithersburg Maryland

March 39 1901
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NIST NOTABLES

U.S. Congress founded NBS on March 3,
1901

January 16, 1905 First National
Conference of Weights and Measures
(NCWM)

1906 First Standard Reference Material

1913 Correcting Rail Freight

1915 National electrical safety code



NIST NOTABLES
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June 17, 1928 First full-scale fire test

1932 Helped establish First FBI crime lab

January 6, 1949 the First Atomic Clock

1958 invented the diamond anvil cell

1970 developed a truly unbiased military draft

1985 Creation of the 1 volt standard JJIA

2005 World Trace Center 1 and 2 reports

2014 release of Framework for improving Critical
Infrastructure Cybersecurity
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ABOUT NIST
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To promote U.S. innovation and industrial

competitiveness by advancing
M o c measurement science, standards, and
|SS | O N technology in ways that enhance

economic security and improve our quality
of life

NIST will be the world's leader in creating
critical measurement solutions and
V . promoting equitable standards. Our
IS I O n efforts stimulate innovation, foster
industrial competitiveness, and improve
the quality of life.

Measurement science

CO re Com petenC|eS Rigorous traceability

Development and use of standards

O ¥
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METRE
CONVENTION

TREATY OF THE METER
(20 May 1875)

Established CGPM and BIPM

Promotes Si

* Sl —The International System of Units

International Bureau of Weights
and Measures (BIPM)

General Conference on Weights
of Measures (CGPM)

International Committee for
Weights and Measures (CIPM)
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Diplomatic Elects CIPM
CGPM Approves major CIPM decisions
T Allocates funds to BiPM
Sets up Consultative Committees
Technlcal CIPM Makes proposals to CGPM
Directs operation of BIPM
Electricity
CONSULTATIVE COMMITTEES [ Gecticty
Radiometry
Temperature
Meter
Second
lonizing Radiation
Units
Mass

Assures worldwide uniformity
of physical measurements

NATIONAL STANDARDS LABORATORIES

Maintain and di i ional ds
Cooperate with BIPM and provide members for
Consultative Committees

S| BASE UNITS SI DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS
names Solid lines indicate multiplication, broken lines indicate division

pascal .(N/mz) gray@u/kg) xieverr@(l/kgi

PRESSURE, ABSORBED DOSE
STRESS DOSE EQUIVALENT
meter

ENERGY,WORK, = POWER,
QUANTITY OF HEAT - HEAT FLOW RATE

wat:@(J/s) becquerel | /s) hert;@(‘/s)

ACTIVITY "REQUENCY
NUCLIDE)

tesla ~ (Wb/m?)

mole MAGNETIC <\ INDUCTANCE MAGNETIC
FLUX g FLUX DENSITY
AMOUNT OF
SUBSTANCE volt 2~ (W/A)
ampere
ELECTRIC POTENTIAL,
CHARGE .~ ELECTROMOTIVE
ELECTRICCURRENT |~/ PTO%. ! i
degree (CV) =\ ohm ~ (V/A) siemens Q)
kelvin Celsius e
K [ .-/ /) T
CELSIUS RESISTANCE CONDUCTANCE
THERMODYNAMIC TEMPERATURE CABMCITANCE
TEMPERAIURE tPC=T/K-273.15
candela 2 steradian radian,
cod lux C (Im/m?)  lumen m (cd-sr) 1) (m/m=1)
LUMINOUS INTENSITY s
ILLUMINANCE LUMINOUS SOLID ANGLE PLANE ANGLE
FLUX



INTERNATIONAL QUAUITY INFRASTRUCTURE
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e 1955, The International Organization of Legal
Metrology founded (OIML)

* International Accreditation Forum (IAF)

* International Laboratory Accreditation Cooperation
(ILAC)

* International Organization for Standardization (I1SO)
* Mutual Recognition Agreement(MRA)
* Multilateral Recognition Agreement (MLA)
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@Sz —.. Snapshot of the International Conformity Assessment System
with relationships to regional and national systems

National
Stds Developers
- NSBs, NCs, SDOs,
Regional ( SSO0s, Consortia,
International Accreditation o
/ CA Requirements v
Voluntary Mandatory
Standards, Testing Criteria, Tech Regs
Use Cases, Other CA Criteria (inc. Laws)
ISO/IEC Guides
17000 ~ Conformity Assessment
17011 ~ Accreditation
17020 - Inspection Bodies
17021 - Management Systems
= Guide 65 — Products (17065) /
MOU e ll|=AA'I:\J 17024 — Personnel
Joint Working Grou 17025 — Testing Labs
ket d IECExX IFIA 14065 ~ Greenhouse Gas Verification
IECEE - CB Scheme IQNet 17050 — Self Declaration of Conformity
IECEE - CB-FCS ILAC
Scheme IPC
OIML
uILl
@ / Suppliers
= Purchaser/User Companies
PAC MLA APLAC MRA
FAN LS 2 A 2
[ Various National Accreditation Bodies (see separate slides 14+) l
/ it Corporate
Products F:;:,l,::s' Inventory/
(Processes, / Procedures. Project Assertion
Services) Services, etc.
Greenhouse Gas
Gy L =)
31 Party: 2nd Party: 15! Party:

Independent Party testing, inspection, certification, etc. Buyer testing, etc. Producer and Supplier testing, etc.



\ NATIONAL QUAUITY INFRASTRUCTURE

tescometering.com

Value chain National International
quality infrastructure Ql system

*0

BIPM
- « Cabration laboratornies =
Reference materials » Metrology in chemistry | APMP
Calibration o Vesification system

ISO Guide 62, 65, etc. ' e.g. IAFILAC
Accreditation N PAC APLAC > ARAC
1SO 9000,
: e
g ), etc. '
§ E'E %’g' e Certification E
b , etc, ¢ products
& o processes 150 17025 o~
U | %
5 4 4 =
" National standards 1SO, CODEX
: ,
-t Standards : -
= international standards - ACCSQ ﬂ':;
a
= Certificates
S
Comparison
% Testing, analysis Test 4 measurements
o < . PANSITLR : o
o Inspections | 14DOT: Proficiency tests @
a
= L
. Metrol /
Verifications traceability 3
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\ How Does TESCO
FIT?

ANSI National Accreditation Board
ACCREDITED

— G, ————
MANAGEMENT SYSTEMS
CERTIFICATION BODY

e TESCO is ISO 9001:2015 certified

* DEKRA — Conformity Assurance Body
(CAB)

e ANSI National Accreditation Board
(ANAB)

* Inter-American Accreditation
Cooperation MLA (IAAC)

* |AF
* TESCO’s Laboratory is ISO/IEC 17025: 2017
Accredited
* PJLA — Accreditation Body
* |LAC MRA
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ISO/IEC 17025

ISO/IEC 17025:2017 — General
requirements for the competence
of testing and calibration
laboratories

Repeatable, verifiable, impartial,
assured, recognizable results
Hallmarks of 17025

* Evaluation of
Measurement Uncertainty

* Selection, verification, and
validation of methods

* Reporting of Results
* Metrological Traceability

ISO 1?025|: 2017 Content

www.knowledge-swaml.com

Management
General Structural Resource Process System
Scope Requirements Requirements Requirements Requirements  Requirements
$ m O r g: ' Ih
) — - ~
- <l
e Y : IE*Q :
vis = | e
— Personnel | Tender & (W/WO 1809001
; Contraot
Facility & Control of
Enviornment Selection & —documents &
[~ Verification R
Impartiality Confidentiality |__ Equipment of methods
Externally sig iin | Risk &
1 Provided g Opportunities
Services — Handling of L~ Improvement
Management  Range & Scope Organization Matealontaal tools/ items
Legal Responsibility  of laboratory ~ Structure 9 Corrective
Entity ‘— Traceablility ~ Technical = At
| | Records l— Internal Audit
Measurement Reporting of Non-Conforming Management
Uncertainty Results Work — peview
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2.41 Metrological
Traceability

property of a measurement result whereby the
result can be related to a reference through a
documented unbroken chain of calibrations, each
contributing to the measurement uncertainty

NOTE 1 For this definition, a ‘reference’ can be a
definition of a measurement unit through its practical
realization, or a measurement procedure including the
measurement unit for a non-ordinal quantity, or a
measurement standard.

NOTE 2 Metrological traceability requires an estab-
lished calibration hierarchy.

NOTE 3 Specification of the reference must include the
time at which this reference was used in establishing the
calibration hierarchy, along with any other relevant
metrological information about the reference, such as
when the first calibration in the calibration hierarchy was
performed.

NOTE 4 For measurements with more than one input
quantity in the measurement model, each of the input
quantity values should itself be metrologically traceable
and the calibration hierarchy involved may form a
branched structure or a network. The effort involved in
establishing metrological traceability for each input
quantity value should be commensurate with its relative
contribution to the measurement result.

tescometering.com

ISO/IEC 17025

NOTE S Metrological traceability of a measurement
result does not ensure that the measurement uncertainty
is adequate for a given purpose or that there is an
absence of mistakes.

NOTE6 A comparison between two measurement stan-
dards may be viewed as a calibration if the comparison is
used to check and, if necessary, correct the quantity
value and measurement uncertainty attributed to one of
the measurement standards.

NOTE7 The ILAC considers the elements for
confirming metrological traceability to be an unbroken
metrological traceability chain to an international
measurement standard or a national measurement
standard, a documented measurement uncertainty, a
documented measurement procedure, accredited technical
competence, metrological traceability to the SI, and
calibration intervals (see ILAC P-10:2002).

NOTE8 The abbreviated term ‘“traceability” is
sometimes used to mean ‘metrological traceability’ as
well as other concepts, such as ‘sample traceability’ or
‘document traceability’ or ‘instrument traceability’ or
‘material traceability’, where the history (“trace”) of an
item is meant. Therefore, the full term of “metrological
traceability” is preferred if there is any risk of confusion.
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2.42 METROLOGICAL TRACEABILITY CHAIN

sequence of measurement standards and calibra-
tions that is used to relate a measurement result

metrological traceability where the reference is
the definition of a measurement unit through its
practical realization

NOTE The expression “traceability to the SI" means

‘metrological traceability to a measurement unit of the
International System of Units’.

the 'quantity value and measurement unEertainty
attributed to one of the measurement standards.

Customer

Calibration Lab Primary Lab i imary BLPM.

Mutiple Reference
Standards for Voltage

Primary Standards used to

calibrate DC snd AC Veits,
DC xad AC Curreat,

Standard —
Capacifance, Frequency

Multifuaciton Caibration

Figure

1: Very simple illustration of a traceability chain.




CALIBRATION HIERARCHY
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‘\ Realization of S| unit, directly linked to physical constants.
National Measurement \
Institute (NMI) Typical example: Josephson Voltage System, Quantum Hall Resistance
_ o . System, Single Electron Pump, Kibble Balance, Atomic Frequency Standards,
U = <0.00001% \ .
\Acoustic Thermometry.
\ Typical cost : >$500K USD
Working transfer standards for metrology field
S— Reference bank
Top-level calibration labs Typical example: Solid-state Zener Fluke 732, Resistance
U = 0.0001% references (IET SR104, Fluke 742, MI, Guildline), Current
\  comparators (M1 6010, Guildline), Cs and Rb standards, AC/DC
Transfer standard A\ thermal units Fluke 792A, RF references
\ Typical cost : =$200K USD
) -~ Calibration senice provider
Commercial calibration lab High-end calibration system
U= 0.001% Typical example : Fluke 5700 series calibrators, High-end
Lab standards Precision AC sources \ 8.5-digit DMMs (KS 3458A, Fluke 8508A)
S : \ AC measurement standards Fluke 5790A/B
Precision resistance std. SPRT temperature probe
el e \ Typical cost : >$100K USD
Industry lab \ ; B .
v P \ Industrial production calibration lab
manufacturing o :
. . Precision AC source Temperature calibrators
calibration lab . . .
U=0.01% Typical example : Fluke 5500 series
) calibrators, high-end DMM, AC sources and
Voltage Current Resistance Waweform \ synthesizers, automated test systems
calibrator calibrator decade generator \\ Typical cost >$50K USD
_ ) ) Manufacturer R&D and production
R&D Lab R&D working calibrator Productlon werification _ ) _
Manufacturer Lab equipment \ Typical example : Commercial
U=0.1% " calibrators, benchtop DMM, AC
Stress test jigs QC test systems ATE equipment \generators, automated test systems
\\\ Typical cost: =$10K USD
Typical example:
Production floor for : \ Handheld and benchtop
customer devices Product A Signal Source B IC component \ instruments, power
U=>1% supply, signal sources,
! Measurement device C Sensor D Resistor Circuit board . Sensors, ICs.
A\ Typical cost : <$1K USD
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“NIST TRACEABILITY”
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Why is it that the Industry requires “NIST traceability”?
* NAVY
e MIL-SPEC
 ANSI Z540.1

Risk Mitigation
Measurement veracity

Where do | find this information?

» Calibration Certificate — Traceability statement

* Guaranteed on a 17025 Cal report/certificate
* Look for the Logo/stamp

Traceable to the International System of Units (SI), through
National Metrology Institutes e.g. NIST, NRC, NPL, etc.), via
ratiometric techniques, or natural physical constants.

e “Traceable to SI”
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COMMENTS, QUESTIONS,
DISCUSSION

Carson Scaccetti

TESCO — The Eastern Specialty Company
Laboratory Manager
Carson.Scaccetti@tescometering.com
215-228-0500 EXT 272
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