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Overview

e Problem: Uncertainty Calculations made by
software don’t match the SoA

e|ntroduction to NCSLI 141 Committee
e|ntroduction to Metrology Taxonomy
eIntroduction to SoA & Editor
eHow we solved this problem




Learning Objectives

Know what a RESTful call is and how it
can be used in metrology.

How standardization solves business
problems.

What the NCSLI 141 Committee is
working on.



About Cal Lab Solutions

e\/eteran owned business, ex-military metrologist

e Core business is software
o Metrology consulting
o Efficiencies through automation
o  Turn-key system %

® Focus on finding the right solution for the customer

o Created Metrology.NET® in 2015

o World’s largest MET/CAL® procedure library
o PS-Cal power sensor calibration solution

o C# web-based asset management system

e Acquired Cal Lab Magazine in 2011
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Problem:

Often software will generate an uncertainty value that
is lower than a calibration lab’s Scope of Accreditation
uncertainties.

SureCAL




NCSLI 141 Committee
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Digital Metrology Overview



Current Technology SoA

Current Technology

Calculate in Excel

Copy to Word

Create a PDF



Current Technology SoA

Liquid-In-Glass 32 °F 0.6 °F Comparison to digital

Thermometers® thermometer in water
bath at fixed point
32 °F

(68 to 662) °F 0.52°F fDly bl%;k calibrator
~?"T"%1 \:ﬁ
i
/ A
M ” JK.T.ERS.C.UN 32°F 0.61 °F Ice bath/precision
D ry we I I S earc h thermometer
o CMART 25 calibrator,
Using Keywords Fluke 55024,

—

(91) °F to (660) °F 043 °F Fluke metrology
(91)°Fto (660)°F | 0.43 °F CMART 25 calits
(91) °F to (400) °F 043 °F Fluke 5502A

(91)°Fto (662)°F | 0.43 °F
(91)°Fto (662)°F | 0.43 °F

fONVIN OT 6n Freny oT n a4~ OoT

#l dndireesMerification of
Type N él"'Rockwell ardness

tare” &
Testers 5
Rockwell and HRA:
Portable Rockwell (60.5 to 69) HRA 0.42 HRA Indirect verification per
(70 to 79) HRA 0.41 HRA ASTMEIS.EL10
(8010 92) HRA 0.29 HRA
HRBW: 5 7
1.5 HRBW
(0 to 59) HRBW i
(60 to 79) HRBW 0' 68 HRBW
(80 to 100) HRBW ;
HRC:
(20 to 35) HRC 0.59 HRC
(35 to 60) HRC 0.51 HRC

(60 to 80) HRC 0.47HRC




Units of Measure are Ambiguous

Units of Measure aren’t enough!
400 fpm
1.7¢g
22°
101 Nm
98.5 %

Units are really about “Scale”
Scale or Count of a Quantity

We need Quantity Definitions
To Exchanges data between systems
Convert between Scales

CERTIFICATE




Category Hierarchy

1) Source / Measure
2) Quantity Measured
3) Sub Category
Sub Category
Sub Category

Metrology Taxonomy
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Panthera Mephitis Lutra lutra | Canis Canis
Species pardus mephitis (European familiaris lupus
(leopard) = (striped skunk) otter) (domestic dog) | (wolf)
Genus Panthera | Mephitis Lutra ~ Canis
Family | Felidae Mustelidae Canidae

Order Carnivora \



Metrology Taxonomy

Example for - Source.Voltage.AC.SineWave

The process of sourcing a sinusoidal AC Voltage signal from a device.

This can be used by any device that can generate AC Sinewave Voltage.

Required Parameters Optional Parameters

e Volts — Volts RMS
® Frequency - Hz

e Impedance

e UUT.Range

e UUT.Input — Input Name of the UUT
Connecting Point

Measured Value & Uncertainty

e \olts




Parameter METADATA

Metadata is data about the data.

In Metrology.NET, parameters further
define the specifics of a test point.

e Source.Voltage.Sinewave
o Volts= 120V
o Frequency= 60 Hz ‘
e Source.Voltage.Sinewave
o Volts=10V
o Frequency=1 MHz

e Source.Voltage.Sinewave
o Volts= 100 kV i .
o Frequency= 60 Hz ¥ - ENSAEL O =
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(DI DAEIDIDID

I

ol

ki




Metadata is data about the data.

By adding Metadata to an SoA it

becomes easier to searcy

Source.Voltage.Sinewave

©)
©)

Source.Voltage.Sinewave

O
®)

Source.Voltage.Sinewave

©)
©)

Volts= 120 V
Frequency= 60 Hz

Volts= 10V
Frequency= 1 MHz

Volts= 100 kV
Frequency= 60 Hz

Parameter METADATA

¢

ANAB

ANSI National Accreditation Board

Hectrical - DC/Low Frequency

P /Equi T Expanded Uncertainty of Re;;re;:cg St:\gjlm. d,
arame ter/Equipme nt ge Measurement (+/-) ethod, and/or
Equipment
Up to330mV 18aVimV +2.4 uV
(03t03.3)V 12 uVIV +2.7 gV 5 g
DC Voltage — Source ! (331033)V 11 pV/V + 64 uV Sl sl
(3310330) V 18 uV/V + 0.47 mV e
(33010 1000) V 21 pVV +4.7mV
(1t033)mV
(10 to45) Hz 0.88 WV/mV +37 uV
45Hz to 10KHe 0.17 pV/mV + 37 uV
(10 to 20) kHz 0.29 WV/mV + 37 uV
(20 to 50) kiz 1 pVimV + 36 pV
(50 to 100) kHz 3.4 pVimV+33 v
(100 to 500) kHz 8 pVimV + 61 pV
(33 t0 330) mV
(10 to 45) Hz 0.65 uVimV + 51 uV
45Hz to 10kHz 0.2 pVimV + 37 uv
(10 to 20) ki 0.29 uV/mV + 38 uV
(20 to 50) kHz 0.7 pVimV + 38 pV
(50 to 100) kEz 1.2 uVimV + 50 uV
(100 to 500) kHz 2.1 pVimV + 92 pv
(033103.3)V
(10't0 45) Hz 0.64mVIV + 0.27 mV
45Hz to 10kHz 021 mV/V+0.11 mV
(10 t0 20) kHz 031 mV/V+0.11 mV Conar
AC Voltage — Source ! (20 to 50) kHz 0.68mV/V+ 0.11 mV h‘;ﬁ;ﬁfgﬁ;g
(50 to 100) kHz 1.1mV/V + 0.17 mV
(100 to 500) kHz 2.5mV/V+0.78 mV
(331033)V
(10t045) Hz 0.64mV/V +2.7mV
45Hz to 10kHe 021 mV/V+1.1mV
(10 to 20) kHz 0.41 mV/V + 1.1 mV
(20 to 50) kHz 0.89mV/V+ 1.1 mV
(50 to 100) kEz 22mVIV+1.6mV
(3310 330) V
45Hz to 1 kEz 0.64 mV/V + 5.4 mV
(1 to 10) kHz 028 mV/V + 8.8 mV
(10 t0 20) kHz 2.5mV/V+ SmV
(20 to 50) kHz 25mVIV+7.1mV
(50 to 100) kHz 45mVIV+48mV
(3300 1000) V
45Hz to 1 ki 0.68 mV/V + 18 mV
(1t05) ki 038 mV/V + 19 mV

(5to10)kHz

0.4l mV/V+ 19mV




Free SoA Editor

https://github.com/CalLabSolutions/Metrology.NET Public

tv)

et
Company Info Cals-R-Us
4 Measure DCV
All
I 200mV Ranges: 5 Volts *(ppm_IV/1E+6) + Volts * (ppm_Range/1E+6)
b2V Please select a row by clicking on any of the values. .15 *(4.5/1E+6) + .15 * (0.5/1E+6)
[ 20V
. 200V Volts 15
Range Resolution Volts Constants
200mvV 8.5 -0.199999999 to 0.199999999 ppm_IV =45

ppm_Range = 0.5

2V 8.5 -1.99999999 to 1.99999999 ppm_IV=3
ppm_Range = 0.2

20V 8.5 -19.9999999 to 19.9999999 ppm_IV =3
ppm_Range = 0.2

200V 8.5 -199.999999 to 199.999999 ppm_IV = 4.5
ppm_Range = 0.2

1000V 8.5 -1050 to 1050 ppm_IV =4.5
ppm_Range = 0.5




SoA Editor /Calculator

e Source.Voltage.Sinewave
o Volts=120V Formula
o Frequency= 60 Hz

Volts * Scale + Floor

8.2E-2 or 0.082V 120 * 0.00064 + 0.0054
Volts 120
Company Info
8.22E-002
4 Source.Voltage.AC.Sinewave ZII‘IJke 5520A-Normal Output
4 Fluke 5520A Normal Output
All
33mVv Ranges: 31 VOITS ™ dCaile + rioor
330 mV Please select a row by clicking on any of the values. | 120 * 0.00064 + 0.0054
233\\,/ Volts 120
e =3
I Source.Voltage.DC
Range Frequency Volts Constants
33V 20e3 to 50e3 3.3t0 33 Floor =0.0011
Scale = 0.00089
33V 50e3 to 100e3 3.3t0 33 Floor =0.0016
Scale = 0.0022
330V 4510 1e3 33 10 330 Floor = 0.0054
Scale = 0.00064
330V T1e3 to 10e3 3310330 Floor = 0.0088
Scale = 0.00028




SoA Calculated Unc Check

Digital Transformation

Automated | e oy Ty
Calibration -
Run e,
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“BestCal” has the Fluke 5520A on their
ISO/IEC 17025/2017 Scope of Accreditation.

They bought a new Fluke 5730A with an

accredited calibration.

They CAN’T report better than a 5520A.

Real World Example

g

ANAB

ANS/I National Accreditation Board

Hectrical -DC/Low Frequency

P Equi Expanded Uncertainty of Reﬁrell:cg Sta:/@ d,
arame ter/Equipme nt Range Measurement (+/-) Et od, and/or
quipme nt
Up to330mV 18aVimV +2.4 uV
(03t03.3)V 12pVIV+2.7uV y
DC Voltage — Source ! (3.3t033)V 11 pVV + 64 uVv h];uhﬁtm?ga]cixllﬁgr
(33t0330) V 18 uV/V +0.47mV
(3300 1000) V 21 pVV +4.7mV
(1t033)mV
(10to 45) Hz 0.88 uV/mV + 37 uV
45Hz to 10kHz 0.17 yW/mV + 37 uV
(10 t0 20) kHz 0.29 pV/imV +37 uV
(20 to 50) kHz 1 WV/mV + 36 uV
(50 to 100) kHz 3.4 pVimV +33 pV
(100 to 500) kHz 8 uV/mV + 61 uV
(3310 330) mV
(10to 45) Hz 0.65 pV/mV + 51 pV
45Hz to 10kHz 0.2 uV/mV + 37 pV
(10 t0 20) kHz 0.29 uV/mV + 38 uV
(20 to 50) kHz 0.7 pV/mV +38 uV
(50 to 100) kHz 1.2 pVimV + 50 pVv
(100 to 500) kHz 2.1 pVimV + 92 pV
(0.33t03.3)V
(10to45)Hz 0.64mV/V+027mV
45Hz to 10kHz 021 mV/V+0.11mV
(10 t0 20) kHz 031mV/V+011mV Fhuke 5520A/SC1100
AC Voltage — Source ! 20 to 50) kHz 0.68mV/V+0.11mV :
2. ((50 to 100)) e 1.1mVIV+0.17 mV Mauttiproduct Calibrator
(100 to 500) kHz 2.5mV/V+0.78 mV
(33t033)V
(10to 45) Hz 0.64mV/V+27mV
45Hz to 10kHz 021 mV/V+ 1.1mV
(10 t0 20) kHz 041 mV/V+1.1mV
(20 to 50) kHz 0.89mV/V+ 1.1mV
(50 to 100) kHz 22mV/V+1.6mV
(33t10330) V
45Hz to 1kHz 0.64mV/V+54mV
(1to 10) kHz 0.28mV/V+8.8mV
(10t0 20) kHz 25mV/V+5mV
(20 to 50) kHz 25mVIV+7.1mV
(50 to 100) kHz 45mV/V+48mV
(330t0 1000) V
45Hz to 1 kHz 0.68 mV/V+ 18mV
(1to5)kHz 038mV/V+ 19mV

(5to10)kHz

041 mV/V+ 19mV




Alternate
Uncertainty Calculation

SoA
Uncertainty

Source.Voltage.AC.SineWave T

Voltage= 3.5

Frequency= 100e3 in App Alternate

Uncertainty Galculation Calkculator

The software generated Unc is 4.8e-4.

When approved, the lab’s unc will be 6.2e-4. Use SoA

Use App or Alternate Uncertainty

Uncertainty on (alibmtion Record
on Galibmation Record

But the SoA’s CMC is 9.3e-3.

So, we must report 9.3e-3.

Note Calibration Record

for Next Audit




Software in Action

Manual Entry Mode with Fluke 5520A Uncertainty Calculator

‘ Metrology.Net Test Packages Work Orders Uncertainties SystemData ~ Admin ~ Cal Lab Solutions ‘ o-

Work Order: 20211001-1 Asset Number: OTS-0001 Serial Number: 1234567 Last TestRan: N/A Work Order
Parameters

Test Package: Agilent 34401... Manufacturer: Agilent Model: 34401A LS Collection Mode: As Found Test Package
Parameters

Agent: Status: Run Type: Assigned To: Calibration Report
CLS_MICRO_07 v Manual Calibration v All Tests v Admin Admin v
Search: Show/Hide Sequence
Group Name Description Taxonomy Status
(V] | F = (® <¢J» ACVoltsVerification 1 Year Test Points TestProcess.Source Voltage AC.Sinewave 2 of 12 Tested
Search: @ Manual Entry Mo'{ Fluke 5520A M Check @]
Step Description Test Type Nominal Lower Limit Upper Limit Measured Uncertainty . Status Summary
= ® 1 100mV Range WithinLimits <> 10.0mV @1 kHz 9.954 10.046 Not Tested
= ® 2 100mV Range WithinLimits <>  100.0 mV @1kHz 99.900 100.100 Not Tested
= ® 3 100mV Range Within Limits <> 100.0 mV @50kHz = 99.83 100.17 Not Tested
= ® 4 1V Range Within Limits <> 1.0V @1kHz 0.99991 1.00090 Not Tested




Software in Action

Green - The custom calculator’s uncerty was equal to or greater than the SoA

Grey - The custom calculator’s uncertainty was lower than the SoA & REPLACED

‘ Metrology.Net  TestPackages Work Orders Uncertainties SystemData ~ Admin ~

Cal Lab Solutions ‘ o-

© e 3 ® <> DC Volts Gain Verification 1 Year Test Points TestProcess.SourceVoltage.DC

(V] 3 ® < AC Volts Verification 1 Year Test Points TestProcess.SourceVoltage.AC.Sinewave

Search: @ Manual EntryMode  Fluke 5520A M Check M ® |

Step  Description  Test Type Nominal Lower Limit  UpperLimit Measured Uncertainty . Status Summary

= ® 1 100mV Range WithinLimits <> 100mV@1kHz 9.954 10.046 10.000 38.70E-6 « Passed TUR 5.2 to 1. Confidence > 99
= ® 2 100mV Range WithinLimits <> 100.0mV @1kHz 99.900 100.100 100.001 57.00E-6 « Passed TUR 3.7 to 1. Confidence > 99
= ® 3 100mV Range Within Limits <> 100.0 mV @50kHz 99.83 100.17 100.00 17.00E-5 ~ Passed TUR 3.7 to 1. Confidence > 99
= ® 4 1V Range Within Limits <> 1.0V @1kHz 0.99991 1.00090 1.00004 32.00E-5 « Passed TUR 2.0 to 1. Confidence 84.9
= ® 5 1V Range Within Limits <> 1.0V @50kHz 0.99830 1.00170 1.00000 12.70E-4 « Passed TUR 4.7 to 1. Confidence > 99
= ® 6 10V Range Within Limits <> 10.0V @1kHz 9.9910 10.0090 10.0000 9.202E-2 . Passed TUR 0.1 to 1. Confidence 15.5
= ® 7 10V Range Within Limits <> 10.0 V @50kHz 9.9830 10.0170 ‘ \ : Not Tested
= ® 8 10V Range Within Limits <> 10.0V @10Hz 9.9910 10.00%20 Not Tested
= ® 9 100V Range  WithinLimits <> 100.0V @1kHz 99.910 100.090 Not Tested
= ® 10 100V Range  Within Limits <> 100.0V @50kHz  99.830 100.170 Not Tested
= ® 1 750V Range  Within Limits <> 750.0V@1kHz 749.325 750.675 Not Tested
= ® 12 750V Range  WithinLimits <> 7500V @50kHz  748.725 751.275 Not Tested




Software in Action

Green - The custom calculator’s uncerty was equal to or greater than the SoA

Grey - The custom calculator’s uncertainty was lower than the SoA & REPLACED

‘ Metrology.Net  TestPackages Work Orders Uncertainties SystemData ~ Admin ~

Cal Lab Solutions ‘ o-

© e 3 ® <> DC Volts Gain Verification 1 Year Test Points TestProcess.SourceVoltage.DC

(V] 3 ® < AC Volts Verification 1 Year Test Points TestProcess.SourceVoltage.AC.Sinewave

Search: @ Manual EntryMode  Fluke 5520A M Check M ® |

Step  Description  Test Type Nominal Lower Limit  UpperLimit Measured Uncertainty . Status Summary

= ® 1 100mV Range WithinLimits <> 100mV@1kHz 9.954 10.046 10.000 38.70E-6 « Passed TUR 5.2 to 1. Confidence > 99
= ® 2 100mV Range WithinLimits <> 100.0mV @1kHz 99.900 100.100 100.001 57.00E-6 « Passed TUR 3.7 to 1. Confidence > 99
= ® 3 100mV Range Within Limits <> 100.0 mV @50kHz 99.83 100.17 100.00 17.00E-5 ~ Passed TUR 3.7 to 1. Confidence > 99
= ® 4 1V Range Within Limits <> 1.0V @1kHz 0.99991 1.00090 1.00004 32.00E-5 « Passed TUR 2.0 to 1. Confidence 84.9
= ® 5 1V Range Within Limits <> 1.0V @50kHz 0.99830 1.00170 1.00000 12.70E-4 « Passed TUR 4.7 to 1. Confidence > 99
= ® 6 10V Range Within Limits <> 10.0V @1kHz 9.9910 10.0090 10.0000 9.202E-2 . Passed TUR 0.1 to 1. Confidence 15.5
= ® 7 10V Range Within Limits <> 10.0 V @50kHz 9.9830 10.0170 ‘ \ : Not Tested
= ® 8 10V Range Within Limits <> 10.0V @10Hz 9.9910 10.00%20 Not Tested
= ® 9 100V Range  WithinLimits <> 100.0V @1kHz 99.910 100.090 Not Tested
= ® 10 100V Range  Within Limits <> 100.0V @50kHz  99.830 100.170 Not Tested
= ® 1 750V Range  Within Limits <> 750.0V@1kHz 749.325 750.675 Not Tested
= ® 12 750V Range  WithinLimits <> 7500V @50kHz  748.725 751.275 Not Tested




Fusing Software With Metrology

Questions? / Comments

6D Panel Discussion 1:00 PM
Booth #118 Gatlin E1

Q Metrology’s Digital Transformation

Michael L. Schwartz
Cal Lab Solutions

mschwartz@callabsolutions.com




Metrology Taxonomy

The NCLI 141 Committee meets weekly to discuss Metrology Taxonomies, M-Layer

and other topics related to Digitizing Metrology

#2 Metrology Taxonomy Editor

View All
Add
Edit
Delete

Deprecate

Settings

Mondays 2:00 pm Mountain Time

Gotomeeting ID 909-871-373

https://github.com/CalLabSolutions/Metrology.NET Public

Taxonomy
Q Al ~

TestProcess.Measure.Capacitance._
The process of measuring the capacitance of a device.

TestProcess.Measure.Current.AC.Sinewave
The process measures the AC Current sourced by a device without knowing the shape of the signal.
Values can only be tested in RMS because the shape to the signal is unknown.

TestProcess.Measure.Current.DC

The process measures the Direct Current sourced by a device.

TestProcess.Measure.Voltage.AC.Sinewave
This process measures the AC RMS (Root-Mean-Square) voltage sourced by the UUT. Values can only be
expressed in RMS because the shape of the signal is not known.

TestProcess.Measure.Voltage.DC

This teat nrocess measires the DC (Nirect Current) valtane soiurced from the LILIT



Changes In Test Equipment Interaction

Tech Metrology

Engineer
S Distribution
Server
HTTPS

Laptop Ta; let Moblle Q
Phone Testing Testing
Agent Server

Firewall

Use,
Serial or

%/@’

> g ?ﬁ" / Standard
use, Legacy System uuT
Serial or and
GPIB Darwin
ach
Interface




