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National Institute of
Standards and Technology
U.S. Department of Commerce
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WHO IS NIST

National Institute of Standards
and Technology

USA National Metrological
Institute

Department of Commerce

Gaithersburg Maryland

March 34 1901



NIST NOTABLES
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v 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
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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 JIA

2005 World Trace Center 1 and 2 reports

2014 release of Framework for improving Critical
Infrastructure Cybersecurity
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ABOUT NIST

TESCO METERING

To promote U.S. innovation and industrial

competitiveness by advancing
M . . measurement science, standards, and
ISSION 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

ViS | 0 N promoting equitable standards. Our
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

C 3
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@ METRE CONVENTION
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TREATY OF THE METER Established CGPM and BIPM
(20 May 1875)

Promotes Si

Diplomatic Elects CIPM
CGPM Approves major CIPM decisions
T Allocates funds to BIPM
Sets up Consultative Committees
Technical CIPM Makes proposals to CGPM
Directs operation of BIPM
Electricity:
CONSULTATIVE COMMITTEES Photometry &
Radiometry
Temperature
Meter
Second
lonizing Radiation
Units
Mass

Assures worldwide uniformity
of physical measurements
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INTERNATIONAL QUALITY INFRASTRUCTURE

EEEEEEEEEEEEE

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

* International Accreditation Forum (IAF)

* International Laboratory Accreditation Cooperation
(ILAC)

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

National
Stds Developers
< NSBs, NCs, SDOs,
Regional ( SS0s, Consortia,
International Accreditation | etc.
/CA Requirements 1
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 IECQ IAF 17024 - Personnel
Joint Working Group IFAN 17025 - Testing Labs
IECEX IFIA 14065 — Greenhouse Gas Verification
IECEE - CB Scheme IQNet 17050 — Self Declaration of Conformity
IECEE - CB-FCS ILAC
Scheme IPC
OIML
(818}
= Purchaser/User Companies
PAC MLA APLAC MRA
F AN 1IN 7 %, 2
[ Various National Accreditation Bodies (see separate sides 144) l
/ Buildings,
Facilities, Corporate
Products Mines, Inventory/
(Processes, Procedures. Project Assertion
Servicen) Services, etc.
Greenhouse Gas
Garcs )
31 Party: 2nd Party: 15! Party:

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



’ NATIONAL QUALITY INFRASTRUCTURE
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Value chain Mational International
quality infrastructure Ql system

* 6

150 Guide 62, 65, etc. ai] =0 IAFILAC
Accreditation N TAC AL -
150 9000,
¥ 150 14000,
3 HACCE, enc.
3 ErE:E;: certification
etc, * products
g | i 150 17025 o
a :q"_;./ i
e & ' —
o National standards 150, CODEX
= -4 . Standards - .
= International standards ACCE0) BiFs
= R
= Certificates
=
Comparison
% - Tﬁﬂng, analysis Mmeasurements -
_g Inspections Proficiency tests @-
=3
[« N
- F
i Verfeations - = {afbration laboratorics ot - :
Rﬂfl_!l'm materials & L}r_\-r_rg!.:g}- in l:h‘:‘l'mﬂr'_f' APRAP
Calibration » Verification system @
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How DoEes TESCO FiT?
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ANS! National Accreaitation Board
ACCREDITED

e TESCO is ISO 9001:2015 certified

—— I EAG N ————
MANAGEMENT SYSTEMS * DEKRA — Conformity Assurance Body
(CAB)
* ANSI National Accreditation Board
(ANAB)

* |Inter-American Accreditation
Cooperation MLA (IAAC)

* |AF
e TESCO’s Laboratory is ISO/IEC 17025: 2017

Accredited
* PJLA — Accreditation Body
* [LAC MRA

/—\ \
TR R PJLA
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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 17025|: 2017 Content

www. knowledge-swaml.com

Resource
Requirements

r

— Personnel
| Facility &
Enviornment
|__ Equipment

Externally
| Provided
Services

Metrological
'~ Traceability

Process
Requirements

Management
System
Requirements

o e

o

A
il

(W/WO 1809001

General Structural
Scope Requirements Requirements
Impartiality Confidentiality
|
Management  Range & Scope Organization
Legal Responsibility  of laboratory  Structure
Entity
|
Measurement Reporting of
Uncertainty Results
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Non-Conforming
Work

= o
W —
= -
| Tender &
Contract
Selection & _Control of
documents &
[~ Verification 2
of methods reen
" Risk &
Sampling Opportunities
[~ Handling of I— Improvement
tools/ items
Corrective
= Technical = Acti
Records

l— Internal Audit

Management
— Review
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@ ISO/IEC 17025
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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 ftraceability for each input
quantity value should be commensurate with its relative
contribution to the measurement result.

tescometering.com

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.

NOTE 6 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 un]:-aaertaint'_|,|r
attributed to one of the measurement standards.

Customer

Calibration Lak Primary Lab
Lab

Multiple Reference
Instroments nved for the Standards for Voltaze
Intrimsic Temperaiure Cell analyss of the ouaterial
i i (b iniringic ol

Primary Standards used to

Mulifzcaon Cabraios et Af Caremt,
Standard Eesistance, Temperature,
Capecilazce, Frequency

Figure 1: Very simple illustration of a traceability chain.



: CALIBRATION HIERARCHY
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National Measurement
Institute (NMT)

U = <0.00001%

Top-level calibration labs e

U =0.0001%

Transfer standard

Commercial calibration lab High-end calibration syst
U=10.001% . -
Lab standards Precision AC
Precision resistance std.
Industry lab,
facturi
?j;ﬁat;:ong Precision AC source
U=001%

Current
calibrator

Voltage
calibrator

Productio
equ

R&D Lab
Manufacturer Lab
U=01%

R&D working calibrator

QC test systems

Production floor for
customer devices

U=>1%

Product A

Measurement device C

tescometering.com

SPRT temperature probe

Resistance
decade

Realization of S1 unit, directly linked to physical constants.

Typical example: Josephson Voltage System, Quantum Hall Resistance
System, Single Electron Pump, Kibble Balance, Atomic Frequency Standards,
Acoustic Thermometry.

"'-\ Typical cost : =$500K USD

Working transfer standards for metrology field

Typical example: Solid-state Zener Fluke 732, Resistance
references (IET SR104, Fluke 742, MI, Guildline), Current
comparators (M1 6010, Guildline), Cs and Rb standards, AC/DC
thermal units Fluke 792A, RF references

\ Typical cost : >$200K USD

Calibration serice provider
em
Typical example - Fluke 5700 series calibrators, High-end
8.5-digit DMMs (KS 3458A, Fluke 8508A)
\ AC measurement standards Fluke 5790A/B
\ Typical cost : >$100K USD

sources

\ Industnal production calibration lab

Temperature calibrators

Typical example : Fluke 5500 series
calibrators, high-end DMM, AC sources and
synthesizers, automated test systems

E| \
" Typical cost : >§50K USD

generator

Manufacturer R&D and production
n verification
ipment Typical example : Commercial
calibrators, benchtop DMM, AC
generators automated test systems

ATE equipment
\ Typical cost: >$10K USD

Typical example:
Handheld and benchtop
instruments, power
supply, signal sources,
"\ sensors, ICs.

\ Typical cost - <$1K USD

IC component

Resistor Circuit board

15



“NIST TRACEABILITY”

EEEEEEEEEEEEE

Why is it that the Industry requires “NIST traceability”?
* NAVY
* MIL-SPEC
* ANSI Z540.1

Risk Mitigation
Measurement veracity

Where do | find this information?

e Calibration Certificate — Traceability statement

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

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

e “Traceable to SI”

tescometering.com 16



QUESTIONS AND DISCUSSION

Perry Lawton
Northeastern Regional Sales Manager

perry.lawton@tescometering.com

TESCO Metering Bristol, PA
215.500.7511

This presentation can also be found under Meter Conferences and
Schools on the TESCO website: tescometering.com

ISO 9001:2015 Certified Quality Company
ISO 17025:2017 Accredited Laboratory
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TESCO HOSPITALITY SUITE

You're invited...

We would like you to join us in the TESCO Hospitality Suite
for networking and more discussions about metering. The
discussion will not be exclusively metering.......... but we love
metering and that is the most common topic.

TESCO Hospitality Suite — Brighton Tower

Monday and Tuesday 8:00 PM — 10:00 PM

We Hope you Can Join Us!

TESCO METERING

www.tescometering.com 18
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