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PRECISION CURRENT INSTRUMENTATION

AND CURRENT CALIBRATION

DANISENSE HIGH PRECISION
CURRENT TRANSDUCERS

+ 50A to = 10000A DC/AC precision fluxgate current

transducers for power measurement, battery test

systems, high-stability power supplies, and current

calibrations.

e Current Ranges 50A ... > T0000A

Linearity Error down to 2 ppm

* \Very high absolute amplitude and phase accuracy
from dc to over 1kHz

* Low signal output noise

* Low fluxgate switching noise on the primary

> DANISENSE DW500 WIDEBAND CURRENT TRANSDUCER

Wide Bandwidth DC to 10MHz

500Arms Full-Scale current Range (750A Peak)
2V Signal BNC Output

15 ppm Linearity and 15 ppm Offset Error

- HIGH CURRENT CALIBRATION SERVICES
TO OVER 10000A

With over 25 years of calibration experience, GMW
offers AC and DC NIST Traceable and/or ISO/IEC
17025:2017 Accredited* current calibration
services for Current Transducers at our San Carlos,
CA location and On-Site for minimal disruption of
daily operations.

Transducers manufacturers calibrated by GMW

include, but not limited to, Danisense, LEM, GE,
ABB, Danfysik, Hitec, AEMC, VAC, PEM, Yokogawa.

* See gmw.com/current-calibration for Scope of Accreditation

GM WAssocia tes

WWW.GMW.COM | INSTRUMENTATION FOR ELECTRIC CURRENT AND MAGNETIC FIELD MEASUREMENT
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CALENDAR

UPCOMING CONFERENCES & MEETINGS
The following event dates are subject to change. Visit the event URL provided for the latest information.

May 6-8, 2025 International Conference on Electronics,
Energy and Measurement. Algiers, Algeria. The 3rd IC2EM
covers: Electronics and electrical engineering systems, such
as the following topics: Electronic Systems, Energy Systems,
Measurements, Instrumentations, Telecommunications and
Power electronics and drives. https://ic2em2025.usthb.dz/

May 6-8, 2025 SENSOR+TEST. Nuremberg, Germany.
SENSOR+TEST is the world’s leading forum for sensor,
measurement and testing technology. https://www.sensor-
test.de/en/

May 6-8, 2025 Sensor and Measurement Science
International. Nuremberg, Germany. As the only major
international sensor and metrology conference, SMSI brings
together intelligent sensor technology and instrumentation,
digitalization-oriented measurement science with cognitive
features as well as modern quantum technology-based

metrology including the secure digital exchange of
certificates. https://www.smsi-conference.com/

Jun 18-20, 2025 IEEE 12th International Workshop on
Metrology for AeroSpace. Naples, Italy. MetroAerospace
aims to gather people who work in developing
instrumentation and measurement methods for aerospace.
Attention is paid, but not limited to, new technology for
metrology-assisted production in aerospace industry,
aircraft component measurement, sensors and associated
signal conditioning for aerospace, and calibration methods
for electronic test and measurement for aerospace. https://
www.metroaerospace.org/

Jun 20, 2025 ARFTG Microwave Measurement
Symposium. San Francisco, California. The 105th ARFTG
Microwave Measurement Symposium will be co-located
with IMS-2025. https://arftg.org/

STREAMLINED EFFICIENCY

The Pressure / Temperature Field Gauge LC20 with Bluetooth

‘ RALSTON

\7FIELDLAB

2 Download on the

@& App Store h E!-:ﬁ:nw

R Ralston
AN Instruments

I1SO 9001:2015 Certified

Visit ralstoninst.com/CL-HTH or scan the QR code to find out more
+1-440-564-1430 | (US/CA) 800-347-6575

Log pressure and temperature remotely from your
phone or tablet with laboratory-grade accuracy.

* Log pressure in real time (up to 580 readings)

« Control and view data wirelessly with the
FieldLab Mobile App on your phone or tablet

+ Monitor readings from a safe distance in
dangerous or difficult-to-reach areas

* Instantly share data logs over email, network
drives, or text

Made in the U.S.A.
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EDITOR’S DESK

A Light on Metrology Research

I've made attempts over the years to get more content about
metrology-related programs from community colleges. They have
dwindled over the years, so sometimes it takes more than a Google
search to find them. I received bites from Monroe County Community
College (MCCC) in Michigan and Butler Community College (BCC) in
Pennsylvania. They have kindly contributed a few articles over the years
to Cal Lab Magazine about their metrology and outreach programs.

I further reached out to universities and received an interesting and
enlightening paper, included in this issue, on a calibration laboratory
that supports the Medical Radiation Research Center at the University of
Wisconsin (UWMRRC). The Center’s activity, located in the University’s
Medical Physics department at the Wisconsin Institutes for Medical
Research (WIMR), provides a window to the role of calibration in
medical radiation metrology. Professor DeWerd and his colleague, Dr.
Khan, contributed their paper, “Accredited Calibration Laboratories for
Medical Radiation,” summarizing the activities and contributions of
the UWMRRC. A photo of the lab and Directors of the Medical Physics
department is featured on our cover.

As for a Metrology 101 paper, Mr. Ajay MV obliged our request for
a LabVIEW primer which we hope will turn into a series of articles for
LabVIEW users! “Automating Calibration with LabVIEW: A Practical
Guide for Calibration Laboratories,” includes detailed steps in creating
a calibration verifier tool and other helpful resources.

For our last Feature Article, we have an updated paper from
our publisher, Michael Schwartz, where he explains a use-case for
digitization: “How to Verify Every Test Point Against Your Lab’s ISO/
IEC 17025 Scope of Accreditation.” If you missed a previous version
of this paper, first presented at the International Metrology Congress
(CIM) in March of 2023 in Lyon, France, here is chance to find more
about the ongoing work of the NCSLI Measurement Infrastructure 141
Committee (MII) in the use of a metrology taxonomy.

Finally, Dan Wiswell shares with us his collection of vintage
“meatballs” and regional history of GE meter manufacturing.

Happy Measuring,

Sita Schwartz
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CALENDAR

SEMINARS & WEBINARS: Dimensional

May 7-8, 2025 Surface Roughness, Texture, and Tribology.
Livonia, MI. Michigan Metrology. The annual,2-day class
is a thorough and affordable opportunity to learn the
fundamentals of surface texture, and practical applications
for controlling wear, friction, sealing, surface energy, paint
appearance, and more. To learn more about the class and to
download the registration form visit michmet.com/classes/.

May 13-15, 2025 EDU-114: Dimensional Gage Calibration
and Repair. Aurora, IL. Mitutoyo. The course combines
modern calibration and quality management ideas
with best practices and “how-to” calibration methods
for common calibrations. The course is ideal for those
operating in ISO/IEC 17025 accredited laboratories or in
gage labs supporting manufacturing operations. https://
www.mitutoyo.com/training-education/

May 15-16, 2025 Hands-On Precision Gage Calibration
and Repair Training. Houston, TX. IICT Enterprises.
Enhance your career knowledge in Metrology with

this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

May 20-21, 2025 Virtual Hands-On Precision Gage
Calibration and Repair Training. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Jun 5-6, 2025 Hands-On Precision Gage Calibration and
Repair Training. Atlanta, GA. IICT Enterprises. Enhance
your career knowledge in Metrology with this in-depth
Gage use, Calibration, and Repair course. Recommended
for people interested in pursuing the ASQ CCT Exam.
https://calibrationtraining.com/

Jun 17-18, 2025 Virtual Hands-On Precision Gage
Calibration and Repair Training. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.

HicH VOLTAGE
CALIBRATION LAB

HV CALIBRATION LAB CAPABILITIES:
UP TO 450kV PEAK 60Hz
UP TO 400kV DC
UP TO 400kV 1.2x50us
LIGHTNING IMPULSE

DESIGN, MANUFACTURE, TEST &
CALIBRATE:
HV VOLTAGE DIVIDERS
HV PROBES
HV RELAYS
HV AC & DC HIPOTS
HV DIGITAL VOLTMETERS
HV CONTACTORS
HV CIRCUIT BREAKERS
HV RESISTIVE LOADS
SPARK GAPS
FIBER OPTIC SYSTEMS

HV LAB CALIBRATION STANDARDS
ISO/IEC 17025:2017 ACCREDITED
ANSI/NCSLI Z540-1-1994 ACCREDITED
1ISO 9001:2015 QMS CERTIFIED

ACCREDITED
ISO/IEC 17025:2017
CALIBRATION CERT #2746.01

150 9001:2015
QMS CERTIFIED

OSS ENGINEERING CORPORATION

N.I.S.T. TRACEABILITY
N.R.C. TRACEABILITY

540 Westchester Drive, Campbell, CA 95008 USA | Ph: 408-377-4621
info@rossengineeringcorp.com | www.rossengineeringcorp.com
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CALENDAR

Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Jun 18-19, 2025 EDU-113: Dimensional Gage Calibration.
Aurora, IL. Mitutoyo. The course combines modern
calibration and quality management ideas with best
practices and “how-to” calibration methods for common
calibrations. The course is ideal for those operating in ISO/
IEC 17025 accredited laboratories or in gage labs supporting
manufacturing operations. https://www.mitutoyo.com/
training-education/

Jun 26-27, 2025 Hands-On Precision Gage Calibration
and Repair Training. Bloomington, MN. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Jul 29-30, 2025 Virtual Hands-On Precision Gage
Calibration and Repair Training. IICT Enterprises.
Enhance your career knowledge in Metrology with

this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Aug 12-13, 2025 Hands-On Precision Gage Calibration and
Repair Training. Portland, OR. IICT Enterprises. Enhance
your career knowledge in Metrology with this in-depth
Gage use, Calibration, and Repair course. Recommended
for people interested in pursuing the ASQ CCT Exam.
https://calibrationtraining.com/

Aug 18-19, 2025 Hands-On Precision Gage Calibration
and Repair Training. Santa Clarita, CA. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Aug 21-22,2025 Hands-On Precision Gage Calibration and
Repair Training. Las Vegas, NV.IICT Enterprises. Enhance
your career knowledge in Metrology with this in-depth
Gage use, Calibration, and Repair course. Recommended

Need High Performance,
Easy to Use, Pressure Pumps?

262.886.2695

SIKA Pressure Pumps are Repeatable and Reliable

info@sika-usa.com = www.sika-usa.com

Our Pressure Pumps from -14.5 psi (-1 bar) to 14,500 psi
(1,000 bar) are durable, and designed for long service life.

FEATURES
+ Nomaintenancerequired - No service kits needed

+ Compact design offers flexibility with a variety of test requirements

* Precise ultra-fine adjustment of the proof pressure
provides the finest resolution when testing

Pressure reference gauges, and accessories compliment
the line of SIKA Pressure Pumps

+ All-in-one, portable calibration kits, including a case, hose,
seals, and all adapters necessary for any on-site calibration

SiKA

Made in Germany...Quality by Tradition Since 1901

Contact us today!

Jan e FeB ¢ Mar 2025
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for people interested in pursuing the ASQ CCT Exam.
https://calibrationtraining.com/

Sep 10-11, 2025 Hands-On Precision Gage Calibration
and Repair Training. Schaumburg, IL. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Sep 17-18, 2025 Hands-On Precision Gage Calibration and
Repair Training. Omaha, NE. IICT Enterprises. Enhance
your career knowledge in Metrology with this in-depth
Gage use, Calibration, and Repair course. Recommended
for people interested in pursuing the ASQ CCT Exam.
https://calibrationtraining.com/

Sep 29-30, 2025 Virtual Hands-On Precision Gage
Calibration and Repair Training. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Oct9-10, 2025 Hands-On Precision Gage Calibration and
Repair Training. Bloomington, MN. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

Oct 23-24, 2025 Virtual Hands-On Precision Gage
Calibration and Repair Training. IICT Enterprises.
Enhance your career knowledge in Metrology with
this in-depth Gage use, Calibration, and Repair course.
Recommended for people interested in pursuing the ASQ
CCT Exam. https://calibrationtraining.com/

SEMINARS & WEBINARS: Electrical

May 1, 2025 High-Voltage Test and Measurement.
Lindfield, NSW. Australian NMI. This one-day
workshop provides hands-on experience and practical
techniques involved in performing high-voltage tests and
measurements, and explains how to make such tests and
measurements in accordance to relevant international and
Australian standards. https://shop.measurement.gov.au/

Jun 9-12, 2025 MET-101 Basic Hands-On Metrology.
Everett, WA. Fluke Calibration. This Metrology 101 basic
metrology training course introduces the student to
basic measurement concepts, basic electronics related to
measurement instruments and math used in calibration.
https://www fluke.com/

Car LaB: THE INTERNATIONAL JOURNAL OF METROLOGY

Sep 29-Oct 2, 2025 MET-301 Advanced Hands-On
Metrology. Everett, WA. Fluke Calibration. This course
introduces the student to advanced measurement concepts
and math used in standards laboratories. https://www.
fluke.com/

SEMINARS & WEBINARS: Flow

Sep 23-26, 2025 Gas Flow Calibration Using molbloc/
molbox. Phoenix, AZ. Fluke Calibration. This is a four
day training course in the operation and maintenance of a
Fluke Calibration molbloc/molbox system. https://www.
fluke.com

SEMINARS & WEBINARS: Force & Torque

Sep 8-12,2025 Fundamentals of Force Metrology: Practical
Approach. Pretoria, South Africa. NMISA. At the end of
the course, attendees should have a good understanding
of the fundamentals of force metrology principles and
force measurements. https://www.nmisa.org/applied-
metrology/Pages/Metrology-Training-Centre.aspx

Sep 15-19, 2025 Fundamentals of Torque Metrology:
Practical Approach. Pretoria, South Africa. NMISA.
At the end of the course, attendees should have a good
understanding of the fundamentals of torque metrology
principles and torque measurements. https://www.nmisa.
org/applied-metrology/Pages/Metrology-Training-Centre.
aspx

SEMINARS & WEBINARS: General

Sep 15-19, 2025 Fundamentals of Metrology. Gaithersburg,
MD. NIST. The 5-day Fundamentals of Metrology seminar
is an intensive course that introduces participants to the
concepts of measurement systems, units, good laboratory
practices, data integrity, measurement uncertainty,
measurement assurance, traceability, basic statistics
and how they fit into a laboratory Quality Management
System. https://www.nist.gov/pml/owm/owm-training-
and-events

SEMINARS & WEBINARS: Industry Standards

May 7-8, 2025 Understanding the Requirements and
Concepts of ISO/IEC17024:2012. Live Online Event. This
course is designed to introduce organizations considering
accreditation by ANAB to the international standard ISO/
IEC 17024, General requirements for bodies operating
certification schemes for persons. The standard is a globally
accepted benchmark for bodies managing the certification
of persons and is being increasingly recognized by the
U.S. federal government, the certification industry, and
organized labor. https://anab.ansi.org/

JaN © FEB © MaRr 2025
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CALENDAR

May 12-15, 2025 Understanding ISO/IEC 17025:2017 for
Testing & Calibration Labs. Virtual. A2LA WorkPlace
Training. This course is a comprehensive review of the
philosophies and requirements of ISO/IEC 17025:2017.
https://a2lawpt.org/

May 12-15 Auditing Your Laboratory to ISO/IEC
17025:2017. Virtual. A2LA WorkPlace Training. This
ISO/IEC 17025 auditor training course will introduce
participants to ISO/IEC 19011, the guideline for auditing
management systems as applied to ISO/IEC 17025:2017.
https://a2lawpt.org/

May 15, 2025 Internal Auditing Best Practices. Online.
NIST. This 2-hour webinar will consider internal
auditing techniques and best practices that are used by a
metrology laboratory to comply with ISO/IEC 17025:2017
criteria. https://www.nist.gov/pml/owm/owm-training-
and-events

Jun 9-12, 2025 Understanding ISO/IEC 17025:2017 for
Testing & Calibration Labs. Virtual. A2LA WorkPlace

Training. This course is a comprehensive review of the
philosophies and requirements of ISO/IEC 17025:2017.
https://a2lawpt.org/

Jun 9-12, 2025 Auditing Your Laboratory to ISO/IEC
17025:2017. Virtual. A2LA WorkPlace Training. This
ISO/IEC 17025 auditor training course will introduce
participants to ISO/IEC 19011, the guideline for auditing
management systems as applied to ISO/IEC 17025:2017.
https://a2lawpt.org/

Jun 10-11, 2025 Understanding the Requirements
and Concepts of ISO/IEC 17025:2017. Live Online.
Understand requirements of ISO/IEC 17025:2017, including
general, structural, resource, process, and management
system requirements. Learn practical concepts, such as
impartiality, documents control, ensuring validity of results
and risk management. Gain an understanding of an ISO/
IEC 17025:2017 laboratory management system. https://
anab.ansi.org/find-training/

Aug 11-14, 2025 Understanding ISO/IEC 17025:2017 for

Y/ & €

The Power of Mobility!

Put real-time calibration and maintenance information

on your mobile device.

Allows technicians to perform field maintenance on
test equipment, using a mobile phone or tablet.

View, print or email calibration certificates from any
mobile device.
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Testing & Calibration Labs. Virtual. A2LA WorkPlace
Training. This course is a comprehensive review of the
philosophies and requirements of ISO/IEC 17025:2017.
https://a2lawpt.org/

Aug 11-14, 2025 Auditing Your Laboratory to ISO/IEC
17025:2017. Virtual. A2LA WorkPlace Training. This
ISO/IEC 17025 auditor training course will introduce
participants to ISO/IEC 19011, the guideline for auditing
management systems as applied to ISO/IEC 17025:2017.
https://a2lawpt.org/

Sep 16-17, 2025 Understanding ISO/IEC 17025:2017 for
Testing & Calibration Labs. Virtual. A2LA WorkPlace
Training. This course is a comprehensive review of the
philosophies and requirements of ISO/IEC 17025:2017.
https://a2lawpt.org/

Sep 16-17, 2025 Auditing Your Laboratory to ISO/IEC
17025:2017. Virtual. A2LA WorkPlace Training. This
ISO/IEC 17025 auditor training course will introduce
participants to ISO/IEC 19011, the guideline for auditing

management systems as applied to ISO/IEC 17025:2017.
https://a2lawpt.org/

Sep 16-17, 2025 ISO/IEC 17043:2023 and Statistical
Analysis for Proficiency Testing. Virtual. A2LA WorkPlace
Training. This course provides the participant with a
comprehensive look at Proficiency Testing (PT), including
the design and operation of PT schemes, statistical methods,
reporting, and interpretation. https://a2lawpt.org/

Oct 13-16, 2025 Understanding ISO/IEC 17025:2017 for
Testing & Calibration Labs. Virtual. A2LA WorkPlace
Training. This course is a comprehensive review of the
philosophies and requirements of ISO/IEC 17025:2017.
https://a2lawpt.org/

Oct 13-16, 2025 Auditing Your Laboratory to ISO/IEC
17025:2017. Virtual. A2LA WorkPlace Training. This
ISO/IEC 17025 auditor training course will introduce
participants to ISO/IEC 19011, the guideline for auditing
management systems as applied to ISO/IEC 17025:2017.
https://a2lawpt.org/
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Humidity Generation and Calibration Equipment
THUNDER SCIENTIFIC”
CORPORATION The Humidity Source

“Two-Pressure” Humidity Generation System

FEATURES

* Traceable to SI

¢ 0.6% of Reading RH Uncertainty Made InU S A
* Test Chamber 8” x 8” x 8”

* Flow Capability of 20 L/min

* Multi-point Touch Display

« Window Door Option Available

« No Refrigerants - Thermoelectric Cooling/Heating
« Based on NIST Proven “Two-Pressure” Principle
* Automatically Applies Enhancement Factors

» HumiCalc® with Uncertainty Mathematical Engine
« Generate: RH, DP, FP, PPM, Multipoint Profiles

« ControLog® Embedded Automation Software

+ Data automatically retrieved and stored in a spreadsheet format
¢ Multiple graphs for visual representation of data

¢ Auto Profiling feature for automation

¢ Customizable device connections for ASCII based serial devices

Thunder Scientific is pleased to announce the newest addition to its
product line: the Model 1220 Humidity Generation System.

The Model 1220 takes many of the features found in our popular
Model 2500ST and 2900 humidity generation systems and combined
them into a smaller, more mobile system.

Email: sales@thunderscientific.com

Model 1220

Web: www.thunderscientific.com For

Phone: 800.872.7728
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SEMINARS & WEBINARS: Mass

Oct 6-10, 2025 Mass Metrology Course for High Accuracy:
OIML class F - E. Pretoria, South Africa. NMISA. The course
provides fundamentals of mass measurements, looking at
what affects reliability and accuracy of mass measurements,
and how to ensure traceability in weighing. It also covers the
evaluation of different weighing techniques used to calibrate
mass pieces and the requirements for and calibration of
weighing instruments. https://www.nmisa.org/applied-
metrology/Pages/Metrology-Training-Centre.aspx

SEMINARS & WEBINARS:
Measurement Uncertainty

May 6-7, 2025 Uncertainty, Sampling and Data
Analysis: Understanding Statistical Calculations. Live
Online. ANAB. This course provides an introduction to
statistical concepts and techniques used for the collection,
organization, analysis, and presentation of various types of
data. The course touches on both descriptive statistics and
inferential statistics, including how to compute measures

of central tendency and dispersion, and how to assess the
relationship between two variables. https://anab.ansi.org/

May 20-21, 2025 Introduction to Measurement Uncertainty.
Virtual. A2LA WorkPlace Training. This course is a suitable
introduction for both calibration and testing laboratory
participants, focusing on the concepts and mathematics of
the measurement uncertainty evaluation process. https://
a2lawpt.org/

Jun 5-6, 2025 Measurement Uncertainty: Practical
Applications. Live Online. ANAB. This class covers
concepts and accreditation requirements associated with
measurement traceability, measurement assurance, and
measurement uncertainty. https://anab.ansi.org/

Sep 9-10, 2025 Introduction to Measurement Uncertainty.
Virtual. A2LA WorkPlace Training. This course is a suitable
introduction for both calibration and testing laboratory
participants, focusing on the concepts and mathematics of
the measurement uncertainty evaluation process. https://
a2lawpt.org/

< calibrations.com

Large or small,
Calibration for all.

Modern Cloud-Based Gage Management

Backed by the Leader in Enterprise Calibration Software
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CALENDAR

SEMINARS & WEBINARS: Pressure

Apr 28-May 2, 2025 Principles of Pressure Calibration.
Phoenix, AZ. Fluke Calibration. A five-day training course
on the principles and practices of pressure calibration using
digital pressure calibrators and piston gauges (pressure
balances). The class is designed to focus on the practical
considerations of pressure calibrations. https://www.
fluke.com

Jun 18-19, 2025 Pressure Measurement. Port Melbourne,
VIC. NMI of Australia. This two-day course (9 am to 5 pm
each day) covers essential knowledge of the calibration and
use of a wide range of pressure measuring instruments,
their principles of operation and potential sources of error
— it incorporates extensive hands-on practical exercises.
https://shop.measurement.gov.au/

SEMINARS & WEBINARS: RF & Microwave

Sep 1-5, 2025 RF & Microwave Metrology Fundamentals.
Pretoria, South Africa. NMISA Training Center. This course
is aimed at teaching theoretical and practical principles
of measurements and calibrations in RF and Microwave

Metrology. https://www.nmisa.org/applied-metrology/
Pages/Metrology-Training-Centre.aspx

SEMINARS & WEBINARS: Software

Apr 28-May 2, 2025 MC-205 MET/TEAM® Asset
Management. Everett, WA. Fluke Calibration. This five-
day course presents a comprehensive overview of how to
use MET/TEAM® Test Equipment and Asset Management
Software in an Internet browser to develop your asset
management system. https://www.fluke.com

May 5-9, 2025 MC-206 Basic MET/CAL® Procedure
Writing. Everett, WA. Fluke Calibration. In this five-day
Basic MET/CAL Procedure Writing course, you will learn to
configure MET/CAL software to create, edit, and maintain
calibration solutions, projects and procedures. https://
www.fluke.com

May 6-9 2025 VNA Tools Training Course & VNA Expert
Day. Wabern, Switzerland. METAS. VNA Tools is a free
software developed by METAS for measurements with the
Vector Network Analyzer (VNA). The software facilitates
the tasks of evaluating measurement uncertainty in

STANDARD HIGH VOLTAGE DIVIDER

e  UNIQUE MODULAR DESIGN
o BuUILD UP IN 50 KV SECTIONS
e INNOVATIVE GUARD STRUCTURE
o PROVIDES METERING OUTPUT
e RUGGED & TRANSPORTABLE
o INCLUDES TRANSIT CASES
e HIGH STABILITY, HIGH ACCURACY
o <0.01%DC/<0.1%AC
e ACCREDITED CALIBRATION INCLUDED
o TO 150KV DC
o TO 100KV Ac 60 HZ RMS
e HIGH VOLTAGE CALIBRATION SERVICE

SEE WwWW.OHM-LABS.COM FOR DETAILS

611 E. CARSON ST. PITTSBURGH PA 15203 =
TEL 412-431-0640 FAx412-431-0649
WWW.OHM-LABS.COM

~LABS

AccREBITED
Excalience in Rasistanca

JaN © FEB © MAR 2025 11 CaL LaB: THE INTERNATIONAL JOURNAL OF METROLOGY


https://shop.measurement.gov.au/

CALENDAR

compliance with the ISO-GUM and justifying metrological
traceability. The software is available for download at
www.metas.ch/vnatools. The three day course provides
a practical and hands-on lesson with this superior
and versatile software. Day 4: State of the art primary
S-parameter traceability and how VNA Tools can support.
https://www.metas.ch

May 19-23, 2025 TWB 1051 MET/TEAM® Basic Web-Based
Training. Online. Fluke Calibration. This web-based course
presents an overview of how to use MET/TEAM Test
Equipment and Asset Management Software in an Internet
browser to develop your asset management system. https://
www.fluke.com

Jun 23-27, 2025 TWB 1031 MET/CAL® Procedure
Development Web-Based. Online. Fluke Calibration. Learn
to create procedures with the latest version of MET/CAL,
without leaving your office. https://www .fluke.com

Jun 26, 2025 Software Verification and Validation, Part
1. Online. NIST. Session I (June 26, 2025) and Session 1II
(July 17, 2025) are two 2-hour sessions that will focus on
the use of Microsoft Excel in calibration laboratories and
examine the ISO/IEC 17025:2017 requirements related
to software. Part I will provide guidance and resources
for ensuring software quality assurance, documenting
evidence of verification and validation, and provide the
tools for ongoing software evaluation. https://www.nist.
gov/pml/owm/owm-training-and-events

Jul 8-10, 2025 MC-203 Crystal Report Writing. Everett, WA.
Fluke Calibration. This course is designed for those who
are involved with modifying or writing custom reports for
use with MET/TEAM®. https://www.fluke.com

Jul 28-Aug 1, 2025 MC-206 Basic MET/CAL® Procedure
Writing. Everett, WA. Fluke Calibration. In this five-day
Basic MET/CAL Procedure Writing course, you will learn to
configure MET/CAL software to create, edit, and maintain
calibration solutions, projects and procedures. https://
www.fluke.com

Sep 8-12, 2025 MC-206 Basic MET/CAL® Procedure
Writing. Everett, WA. Fluke Calibration. In this five-day
Basic MET/CAL Procedure Writing course, you will learn to
configure MET/CAL software to create, edit, and maintain
calibration solutions, projects and procedures. https://
www.fluke.com

Oct 6-10, 2025 MC-207 Advanced MET/CAL® Procedure
Writing. Everett, WA. Fluke Calibration. This course covers
advanced topics and requires an existing knowledge of
MET/CAL® calibration software. Students are strongly
encouraged to first attend the MC-206 course, followed by 6
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months of procedure editing/development experience prior
to enrolling in MC-207. https://www.fluke.com

SEMINARS & WEBINARS:
Temperature & Humidity

Aug 18-22, 2025 Non-Contact Thermometry Metrology.
Pretoria, South Africa. NMISA Training Center. https://
www.nmisa.org/applied-metrology/Pages/Metrology-
Training-Centre.aspx

Sep 3, 2025 Testing Temperature Controlled Enclosures.
Lindfield, NSW. NMI of Australia. This one day course
is for people involved in routine performance testing
of temperature-controlled enclosures (oven, furnace,
refrigerator and fluid bath). It incorporates an extensive
overview and comparison of AS2853 and IEC 60068-3-5
requirements, and it also includes an overview of the
medical refrigeration equipment temperature mapping
requirement to AS3864.2 https://shop.measurement.gov.au/

SEMINARS & WEBINARS:
Validation & Verification

May 28, 2025 Validation and Verification of Analytical
Methods. Live Online. ANAB. This course provides an
introduction to validation and verification of analytical
methods and ISO/IEC 17025 & ISO/IEC 17020 requirements.
https://anab.ansi.org/

Jun 16-18, 2025 Method Validation. Pretoria, South Africa.
NMISA Training Center. The objective of this course is
to introduce analysts to the basic concepts of method
validation and quality control. https://www.nmisa.org/
applied-metrology/Pages/Metrology-Training-Centre.aspx

SEMINARS & WEBINARS: Volume

Aug 11-15, 2025 Volume Metrology. Pretoria, South Africa.
NMISA Training Center. https://www.nmisa.org/applied-
metrology/Pages/Metrology-Training-Centre.aspx

Sep 22-26, 2025 Volume Metrology Seminar. Gaithersburg,
MD. NIST. The 5-day OWM Volume Metrology Seminar
is designed to enable metrologists to apply fundamental
measurement concepts to volume calibrations. A large
percentage of time is spent on hands-on measurements,
applying procedures and equations discussed in the
classroom. https://www.nist.gov/pml/owm/owm-training-
and-events
B

Visit www.callabmag.com/calendar/
for upcoming metrology
events & training!
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INDUSTRY AND RESEARCH NEWS

KEBS mass metrology staff measure the values of a NIST mass comparator set in a 2024-2025 NIST-KEBS bilateral comparison.
The mass set will be transported back and forth between Kenya and the U.S. and its values compared at NIST and KEBS metrology
laboratories over the course of a 1-year period. Credit: O. Nyangau/KEBS

NIST OWM and KEBS: Building Metrology
Capacity for the RMOs

January 7, 2025, NIST Updates - NIST Office of Weights
and Measures (OWM) and the Kenya Bureau of Standards
(KEBS) [https://www .kebs.org/] are currently conducting
an interlaboratory mass comparison as part of a larger,
multifaceted mass metrology training program being
developed by Dr. Ombati Nyangau, OWM’s NIST
International Associate and KEBS’s lead mass metrologist.
The results of this comparison will assist the KEBS mass
laboratory with improvement actions that will be integrated
into its mass proficiency testing (PT) program and overall
metrology training portfolio. This capacity building and
knowledge transfer effort is geared toward a future rollout
of a metrology training program within the Intra-Africa
Metrology System (AFRIMETS) [http://www.afrimets.org/]
community as one of six regional metrology organizations
(RMOs) [https://www.bipm.org/en/liaison/regional]
comprised of National Metrology Institutes (NMIs).

This mass interlaboratory comparison is being performed
at the mass Echelon I level with OIML Class E2 mass
standards under the purview of the NIST OWM Proficiency
Testing (PT) Program [https://www.nist.gov/pml/owm/
laboratory-metrology/proficiency-testing-pt]. The mass
standards used range from 100 g to 10 mg. The calibration
methods used for this PT to determine true mass and
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associated uncertainties are the OIML R 111-1 (2004)
ABBA weighing cycle and NIST SOP 5 (2019) “Using a
3-1 Weighing Design.” The results of the interlaboratory
comparison will assist the KEBS mass laboratory with
improvement actions from past key comparisons and assist
the NIST OWM training program in the evaluation of its
traceability to the International System of Units (SI) via an
external NMI. The results will be discussed and shared in
a future article.

Throughout 2025, Dr. Nyangau will continue to work
with OWM staff to develop a “blended” mass metrology
training curriculum comprised of hands-on training,
recorded training videos, and supplemental materials that
will be available online. The resultant training videos will
benefit both the OWM Laboratory Metrology Program and
significantly expand the scope of training and outreach
activities in KEBS. As a lead metrology trainer for KEBS,
Dr. Nyangau will then travel to the externally qualified
laboratory locations and institutes within AFRIMETS and
provide trainer-led mass metrology instruction. NIST
OWM will utilize the developed training materials to
support its state laboratory metrology program and extend
additional training to institutes within the Inter-American
Metrology System (SIM) RMO.

Source: https://www.nist.gov/news-events/
news/2025/01/nist-owm-and-kebs-building-metrology-
capacity-rmos
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INDUSTRY AND RESEARCH NEWS

NIST Offers New Calibration Service for
Wavemeters

NIST Updates, December 23, 2024 — For more than
three decades, the National Institute of Standards and
Technology (NIST) has calibrated the wavelengths of lasers
used in industry, academia, and government laboratories.
NIST has now expanded its service to include the
calibration of wavemeters —specifically those that measure
light at telecommunication wavelengths, which are used
to transmit data over fiber-optic cables.

A typical fiber-optic cable uses several wavelengths to
carry information, with each wavelength constituting a
separate channel for data. To keep up with the demand
for data transmission, engineers and scientists are feeding
a greater number of telecommunication wavelengths into
each cable.

As a consequence, calibration of the devices that measure
these wavelengths has become more crucial. For example, if
two closely spaced wavelengths traveling in the same cable
overlap because they have not been precisely measured, it
could severely hamper the relay of information.

That’s why Johnny Jiménez, a metrologist with the Costa
Rican Institute of Electricity, an autonomous public arm of
the government of Costa Rica, came to NIST last August.
He arrived at Patrick Egan’s dimensional metrology
laboratory for a two-month stay, carrying a wavemeter
from his institute.

“With new technological trends, new fiber-optic network
standards and higher data transmission requirements
worldwide, there’s a pressing need to expand the range
of wavelengths measured by wavemeters and improve
the accuracy of these devices,” said Jiménez. In addition
to improving the capabilities of fiber-optic network, more
precise wavemeters support the development of new
materials and equipment with properties that depend on
the chosen wavelength, he added.

To calibrate a wavemeter, Egan relies on an optical
frequency comb—a series of evenly-spaced frequencies
that act like ticks on a ruler to measure light. The comb is
linked to an oscillator that vibrates at a frequency steered
by the global positioning system, allowing the calibration
to be directly traceable to the International standard unit
for the second.

Cal-Toons by Ted Green

teddytoons@icloud.com

"SOME PEOPLE THINKITS ALITTLE BIT MUCH, BUT THE
PRESSURE LAB DRINKS A LOT OF LATTES."
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Egan described the method online on November 7 in
Metrologia*.

“NIST was able to calibrate our standard wavemeter at a
specific wavelength range of great importance with a level
of accuracy unrivaled by any other national metrology
institute,” said Jiménez.

Egan says he expects the demand for wavemeter
calibrations to increase as telecommunication networks
carry an increasing amount of high-speed data. NIST now
calibrates wavemeters at telecommunication wavelengths
ranging from 1520 to 1570 nanometers (nm), and at a single
wavelength of red light, 633 nm. Jiménez extended the
capability to the important telecommunication wavelengths
of 1310 nm and 1625 nm.

Upon request, Egan said, NIST may consider calibrating
wavemeters that measure other wavelengths.

* Paper: Wavemeter calibration by frequency comb. P. F.
Egan. Metrologia, vol. 61, no. 6, published Nov. 7, 2024. DOI
10.1088/1681-7575/ad8927

Source: https://www .nist.gov/news-events/news/2024/12/
nist-offers-new-calibration-service-wavemeters

A Milestone for Hydrogen Metrology

PTB-News 1.2025 — In cooperation with European
metrology institutes and partner companies from industry,
PTB has laid the foundations for a reliable infrastructure for
the volume measurement of liquid and gaseous hydrogen.
For the first time, a traceability chain for calibrating
flowmeters has been realized in this field.

As an intermediate energy storage, hydrogen plays a
decisive role in the green energy transition. For this purpose,
industry and measurement technologies must rapidly
adapt to the specific requirements of hydrogen. A high
energy density is required to efficiently store hydrogen, i.e.,
under high pressure or liquefied. In particular in the high
pressure and low temperature range required, not enough
was known about the accuracy of the required measuring
techniques.

The European MetHylInfra project coordinated by
PTB focused on establishing critical flow Venturi nozzles
as transfer standards for gaseous hydrogen. Venturi
nozzles of different size, shape and surface roughness
were manufactured and calibrated to be used in the
traceability chain for high-pressure hydrogen. A Coriolis
mass flowmeter was used as a transfer standard, which
had previously been calibrated against a gravimetric
primary standard using hydrogen. New flow simulations
make it possible to represent the nozzles’ behavior under
realistic boundary conditions. In the long term, flow rate
measurements carried out with alternative gases at standard
pressure will thus help to predict the flow rate of hydrogen
at high pressures. In this way, it would be possible to use
test rigs that were previously not adequate for measuring
hydrogen or with which hydrogen measurements were
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considerably more expensive.

Moreover, the equation of state for gaseous hydrogen
at high pressures was updated. This is a prerequisite for
realizing flow rate measurements and for dimensioning
practically all components used in the hydrogen industry
(production, transfer, storage, application, etc.). The density
virial coefficients of hydrogen, which are among the
parameters required for this purpose, were determined and
validated accurately by dielectric constant gas thermometry.

Three approaches were examined for the traceability of
liquid hydrogen. They cover a wide range of flow rates
and have helped to better understand the challenges and
transferability of results obtained with other media to
liquid hydrogen. A cryogenic flow rate test rig showed that
a flowmeter calibrated at ambient temperature can also
be used under cryogenic operating conditions, i.e., with
liquefied gases.

The project results are an important step towards trusted
traceability over the entire hydrogen volume measurement
range.

Contact: Hans-Benjamin Bockler, Department 1.4, Gas
Flow, hans-benjamin.boeckler(at)ptb.de

Scientific publication: H.-B. Bockler et al.: Metrology
infrastructure for high-pressure gas and liquified
hydrogen flows. A brief outline of the MetHyInfra project,
measurement challenges, and first results. Measurement
232,114675 (2024). DOI: 10.1016/j.measurement.2024.114675

Source: https://www.ptb.de/cms/en/presseaktuelles/
journals-magazines/ptb-news.html

The cryogenic flow rate test rig provided by the Karlsruhe Institute
of Technology (KIT) when operating with liquid nitrogen at PTB.
Credit: PTB
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METROLOGY 101

Automating Calibration with
LabVIEW: A Practical Guide
for Calibration Laboratories

Ajayvignesh Manonmani Velumani
Makkal Limited, Ireland

Introduction

Calibration verification is a critical step in ensuring
that instruments function within their specified
tolerances. Before calibration begins, it is essential
to verify whether an instrument is operating within
acceptable limits. This process ensures accurate
measurements and compliance with industry
standards, such as ISO/IEC 17025. Automating this
process not only improves efficiency but also reduces
human error, making it indispensable for modern
calibration laboratories.

LabVIEW (Laboratory Virtual Instrument
Engineering Workbench), developed by National
Instruments, is a graphical programming environment
widely recognized for its versatility in data acquisition,
instrument control, and industrial automation. Since
its release in 1986, LabVIEW has
revolutionized how engineers e
and scientists design and deploy Fie Opate Took Hep
test and measurement systems.
Its graphical programming
language, knownas “G,” enables
users to create applications by
connecting functional blocks
rather than writing traditional
text-based code. This approach
simplifies complex workflows,
making LabVIEW accessible
even to those without extensive
programming experience.

LabVIEW’s capabilities
extend far beyond basic
automation. It supports real-
time data acquisition, signal
processing, embedded system
design, and control systems.

Car LaB: THE INTERNATIONAL JOURNAL OF METROLOGY

Find Drivers and Add-ons

Industries ranging from aerospace to manufacturing
rely on LabVIEW for tasks such as automated testing,
product validation, and process control. In calibration
laboratories specifically, LabVIEW provides tools for
automating verification processes, logging results,
and generating reports—all while maintaining
traceability and compliance with quality standards.

Key Benefits for Calibrators:

* Ease of Use: LabVIEW’s intuitive graphical
interface allows calibrators to quickly create
custom verification tools tailored to their
specific workflows.

* Automation: Automating repetitive tasks like
data acquisition and reporting frees up time for
technicians to focus on higher-value activities.

LabVIEW™ 2025 Q1

< M7 3

Example Programs

Community and Support

Figure 1. Launch Window of LabVIEW Helps to start a project or Virtual Instrument (.vi) file.
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Figure 2. Components of a Virtual Instrument (.vi) file that has both front panel and block diagrams. Front panel has numeric,
boolean, string controls and a waveform indicator. Block diagram has a sinusoidal function for waveform generation based on
numerical input with boolean & string controls in an unused state.

* Traceability: LabVIEW’s built-in logging
features ensure complete records of “as-found”
and “as-left” measurements, improving
compliance with auditing requirements.

* Scalability: From simple CSV reports to
advanced Digital Calibration Certificates
(DCCs) [6], LabVIEW can scale with the needs
of calibration laboratories as they transition
toward digital processes.

LabVIEW enables calibrators to establish automated
verification processes that document both “As-
Found” and “As-Left” measurements, creating a
complete record of the calibration process while
reducing manual data entry errors [1].

Downloading LabVIEW

For those interested in exploring LabVIEW without
a commercial license, National Instruments offers the
LabVIEW Community Edition [2]. This free version
is ideal for personal projects, learning, or research.

Understanding LabVIEW for Calibration
Applications

LabVIEW uses a graphical programming approach
where users create programs by connecting functional
blocks rather than writing text-based code. This
visual approach makes it particularly accessible for

JaN © FEB © MAR 2025

calibration technicians who may not have extensive
programming backgrounds.

Components of LabVIEW

Virtual Instruments (VIs) are the fundamental
building blocks of LabVIEW programs, similar to
subroutines or functions in traditional text-based
programming. Each VI consists of three main
components:

1. Front Panel: The user interface where
technicians interact with the program. It
includes controls (inputs) and indicators
(outputs) that can be dropped from the control
palette (see Figure 2).

2. Block Diagram: Where the graphical code
resides. [t uses nodes (functions) and wires (data
flow) to define the program’s functionality.
These nodes can be dropped from the function
palette (see Figure 2).

3. Connector Pane: Defines the inputs and
outputs of the program, allowing it to be used
as a subroutine within other programs.

The visual programming environment allows
calibration technicians to easily create and
modify verification procedures without extensive
programming knowledge, enabling rapid
development of custom calibration solutions tailored
to specific instruments and requirements.
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Figure 3. Control palette with various controls (inputs) and
indicators (outputs) that goes into the front panel.

Creating a Calibration Verifier Tool in
LabVIEW

Let’s explore how to develop a practical calibration
verification tool using LabVIEW with a simple 5 step
approach. The entire solution is publicly available at
GitHub source [3].

Step 1: Sketching the User Interface

Before starting with LabVIEW, sketch out your
desired user interface to visualize the layout and
required elements.

How to achieve this:

1. Use digital sketching tools like Figma or
Excalidraw, or even simple pen and paper
sketches.

2. Include inputs for set points, measurements,
and tolerance limits.

3. Plan where pass/fail indicators will appear.
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Figure 4. Function palette with various nodes for logical blocks
that goes into a block diagram.

4. Consider the workflow from the calibrator’s
perspective.

A well-designed interface reduces training time
and human error by creating an intuitive workflow
that matches the natural calibration process. As seen
in Figure 5, this planning stage allows calibrators to
design a tool that mirrors their specific verification
procedures.

Step 2: Designing the Front Panel

Using various controls (inputs) and indicators
(outputs) in the control palette in LabVIEW’s Front
Panel window, create the user interface based on your
sketch. For this front panel we used a few numerical
controls and Booleans LED indicators in a cluster
control and placed them in an array control. Labels
are used for the title. Keep in mind that calibrators
will use this GUI (Graphical User Interface) on a
regular basis for every calibration.
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Figure 5. Sketch the User Interface.

How to achieve this:

1. Openanew VIin LabVIEW (File=#New VI or
Ctrl+N).

2. Right-click on the Front Panel to access the
Controls palette.
3. Add numeric controls for voltage set points.

4. Add indicators for UUT and standard
measurements.

5. Include Boolean indicators for pass/fail status.

6. Use decorative elements (frames, labels) to
organize the interface.
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The Front Panel serves as the direct interface for
calibration technicians. As shown in Figure 6, a well-
organized Front Panel allows calibrators to:

* Quickly input test parameters without
confusion.

* (learly see measurement results at a glance.

* Easily identify pass/fail status for verification
points.

* Document the verification process with
minimal effort

B LabVIEW Verifier Vi »

Multimeter Calibration Verifier

Test Points & Results

Overall Verification _

Volt SetPaint (M) Std Meas (V) LUT Meas (V) ~Deha (V) «Delta (V) Exror (m) Result
33 12 34 o 0 0 _
Volt SetPaint (V) Std Meas (V) LT Meas (V) -Delta (V) «Delta (v} Esrar (mV] Resutt
5 4,099 o o o o -
Vot Set Point (V) Std Meas (V) LT Meas (V) -Dehta (V) «Delta (V) [—r— Resut
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Volt Set Point (V) Std Mess (V) LT Mess (V) ~Deta (V) +Delta (V) Esror (m) P
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Figure 6. Design front panel using controls and indicators from control palette.
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Figure 7. Block diagram logic to write set point to power supply instrument, get manual entry of handheld DMM value and read high-precision DMM

image format.

Step 3: Implementing the Block Diagram How to achieve this:
Logic 1. Switch to the Block Diagram view (Ctrl+E or
Window menu— Show Block Diagram).

The Block Diagram contains the functional code 2. Drop various functions readily available for
that powers your verification tool. This is where the instrument from LabVIEW Device Driver
you write logic to set the test points to exciters and [5] or using native VISA functions in function
read measurements from reference devices and UUT palette to communicate with instruments.
devices. Using the function palette, start connecting Typical functions you look for are:
the controls and indicators with Wires, addlng ° Conﬁgure Serial Port for instrument Setup
function blocks to connect the external equipment to e Write to send commands

read & write the measurement points and setpoints.
Use GitHub source [3] to check it for yourselves.

* Read to receive responses

Multimeter Calibration Verifier
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Figure 8. The screenshot demonstrates the execution of a calibration verifier tool, which automates the setting of power supply values
and reading of high-precision DMM measurements, while allowing manual entry of values from a hand-held DMM.
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3. Implement a loop structure to iterate through

test points.

4. Add mathematical functions to calculate errors

and compare with tolerances.

5. Use comparison operators to determine pass/

fail status.

Automation through LabVIEW significantly
improves the calibration process by reducing the
chances of human error, leading to more accurate
and reliable results. As seen in Figure 7, automated
systems ensure “consistency in operations that an
operator may not be able to achieve manually,”
allowing calibrators to:

e Focus on proper instrument setup rather than

manual control.

* Take multiple readings for better statistical

significance.

¢ Implement standardized verification
procedures.

¢ Eliminate transcription errors when recording
measurements.

Step 4: Running and Testing the Verifier

Now it’s time to rock and see the light bulbs. Once
your Block Diagram is complete, test the functionality
of your verification tool [4].

How to achieve this:

e Connect all necessary hardware.

JaN © FEB © MAR 2025

¢ Run the VI by clicking the Run button.
* Enter required parameters.

* Observe the execution and verify correct
operation.

e Test with known reference values to confirm
accuracy.

This testing phase ensures:

* Reliable verification results that comply with
quality standards.

e Traceable calibration data that meets ISO
requirements.

* Repeatable processes that maintain consistency
across different technicians.

e Confident verification decisions based on
automated calculations.

Step 5: Implementing Data Logging and
Generate Certificates

The final step is to add functionality for logging
results and generating documentation.

How to achieve this:
1. AddfileI/O functions to save verification data.

2. Implement report generation to create
measurement data files.

This step enables the creation of calibration
certificates that offer “efficient handling” compared
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Figure 9. Final filled measurement values that could be generated as picture or spreadsheet (Excel) file and can be

used for generating certificates.

to paper certificates. Although this could be improved
to DCC (Digital Calibration Certificate), as calibration
laboratories transition to digital processes, these
capabilities provide:
* Seamless integration with digital quality
systems.
e Enhanced traceability through machine-
readable formats.

* Reduced administrative burden through
automated reporting.

¢ Future-proofing as industry standards evolve
toward digital documentation.

Conclusion

Creating a calibration verifier tool using LabVIEW
offers significant benefits for calibration laboratories.
By automating verification processes, calibrators can
achieve greater accuracy, consistency, and efficiency
while transitioning toward digital documentation
through Digital Calibration Certificates.

This article represents the first step in
a comprehensive exploration of LabVIEW for
calibration automation. Future articles will delve
deeper into design patterns, specific instrument
calibration, and complete workflow automation,
ultimately leading to the full implementation of
Digital Calibration Certificates.
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1. Introduction

The overall goals of the University of Wisconsin
Medical Radiation Research Center (UWMRRC)
are to 1) educate members of the medical physics
community, 2) perform cutting-edge research in
radiation metrology and dosimetry, and 3) provide
calibration services to the global community.
The UWMRRC occupies space in the Medical
Physics department at the Wisconsin Institutes for
Medical Research (WIMR). Part of the UWMRRC
is an Accredited Dosimetry Calibration Laboratory
(ADCL) which is accredited by the American
Association of Physicists in Medicine (AAPM) as
well as the American Association of Laboratory
Accreditation (A2LA). Professor DeWerd started the
laboratory in 1976, and the secondary calibration
laboratory became accredited in 1981. Since then,
the UWMRRC has successfully grown to include
three faculty members, fourteen staff members,
and supports 12 to 15 graduate students at any
given time pursing a doctoral degree in medical
physics. The aim of this article is to summarize the
scholarly activities of the UWMRRC and highlight
the key contributions made to the field of radiation
metrology and medical physics.

2. Calibration and Research

The UWMRRC provides calibrations for medical
radiation applications. These applications include
diagnostic x-ray imaging beams or radiation
sources used for the treatment of cancers or non-
oncological diseases. The physical quantities used
for calibrations, such as absorbed dose to water,
are measured by the National Metrology Institutes
(NMlIs) using equipment referred to as primary

Car LaB: THE INTERNATIONAL JOURNAL OF METROLOGY

standards. In the United States of America, the
relevant NMI is the National Institute of Standards
and Technology (NIST) similar to the National
Research Council (NRC) in Canada. For this
audience, NIST needs no description other than to
say they maintain standards for quantities used in
medical physics, nuclear medicine, and radiation
oncology. All these metrology laboratories share
their research at the annual meeting of the Council
of Ionizing Radiation Measurements and Standards
(CIRMS). CIRMS also involves other radiation
applications in industry and government such as
radiation processing & material effects and radiation
protection & homeland security. Additionally,
CIRMS is one of the main organizations that includes
annual needs reports on standards for radiation.

The UWMRRC has a close working relationship
with NIST and both institutes collaborate on research
to further the field of radiation metrology for use in
medical physics. Standards have been developed in
conjunction with NIST throughout the years and a
summary for each one is provided below. Besides
the contribution to development of standards, other
research involving metrology and dosimetry has
been performed that has been immensely impactful
for the field of medical physics.

2.1 Free Air Chambers for X-Ray Beams

A free air chamber (FAC) is an instrument that
measures the radiation exposure from x-ray beams
such that no liberated electrons hit the walls
providing the charge generated in the sensitive
volume. Thus, the instrument must be made large
enough so that even the most energetic generated
electron will be completely stopped before hitting
the walls. Figure 1 is an example schematic of a FAC.
A FAC that can measure exposure from x-ray beams

JaN © FEB © MaRr 2025



AccCREDITED CALIBRATION LABORATORIES FOR MEDICAL RADIATION

LARRY A. DEWERD AND AHTESHAM U. KHAN

with energies up to 60 kVp
was developed at UWMRRC
to determine the exposure of
mammography beams; this
resulted in a PhD thesis and
the developed instrument
was transferred to NIST and
the FDA [1], [2]. This chamber
was unique in the sense that
it included extrapolation
features, that is the volume of
detection could be changed.
In this way the air attenuation
could easily be measured by
keeping the center or distance
from the aperture fixed while
changing the volume or the
amount of radiation detected.
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Using this device, the standard
for mammography beams was
established.

Another FAC that can measure exposures from
x-ray beams with energies up to 300 kVp has been
recently developed for the measurement of exposure
from radiobiology beams [3]. The development of
this instrument also was part of a PhD thesis. This
subject matter was a part of two other theses and
will be part of another thesis in the future. This
final thesis (and to be written paper) will include
the establishment of radiobiology beams for cabinet
irradiators at UW and NIST.

2.2 Brachytherapy Calibrations

The UWMRRC developed a Variable Aperture
FAC to measure Air KERMA strength from Low
Dose Rate brachytherapy sources. We were able to
compare the measurements with NIST as well as
provided another means to independently check the
calibration of these I, 1%Pd and "®*'Cs sources. Also
using the Attix FAC mentioned above, we explored
the calibration and parameters of alow energy X-ray
source. This was also compared with NIST and their
FAC. These measurements allowed widespread use
of these radioactive sources for ocular and prostate
cancers.

The UWMRRC also developed the first calibration
for high dose rate brachytherapy sources, such as
192]r [5]. This standard has remained in use for the
United States for over 25 years without change.
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Figure 1. Schematic of a free air chamber is shown (adapted from Seltzer [4]).

The traceable calibration for this source has been
established via an interpolated calibration coefficient
for an ion chamber and the use of measurement at 7
distances from the source. In this manner, the scatter
and attenuation that may interfere with the actual
measurement can be determined and subtracted.
Recently, we have confirmed the calibration of the
chamber with a known volume chamber, which
shows agreement at much less than 0.5%. We also
developed calorimeters to determine the output of
these sources.

2.3 Extrapolation Chambers

Extrapolation chambers are useful to determine
radiation dose on the surface or within a short
distance from the source. The clinical community has
developed sources with beta emissions for treatment
of shallow disease such as skin or ocular cancers.
These types of sources are best measured using an
extrapolation chamber which can determine the dose
rate at the surface. The UWMRRC has done this for
ophthalmic applicators to establish a calibration
[6]. Figure 2 displays the schematic of one such
extrapolation chamber. In addition, the UWMRRC
developed an extrapolation chamber that measures
the eye plaque for a curved beta-emitting source
[7]. The curved source is to fit in the eye to irradiate
tumors.
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Figure 2. Example schematic of an extrapolation chamber (Adapted from Khan et al. [8]).

A new application of extrapolation chambers
is for Radiopharmaceutical Therapy where a
radionuclide is injected, and part of the radionuclide
goes to a tumor. This procedure is still in research
phase, but the UWMRRC is developing a dose
calibration for better precision for both beta and
alpha particles [8], [9].

2.4 Calorimeters

A calorimeter measures the heat produced by
the absorbed radiation, which can then be used
to determine the absorbed dose. The temperature
rise is on the order of 10* K/Gy. The UWMRRC
developed calorimeters for external beam and
brachytherapy applications [11]. We have made
calorimeters out of aluminum and other materials
and then convert the dose to water. Figure 3
shows an example of an aluminum calorimeter
developed for high energy electron beams. One of
the most interesting calorimeters is an interference
calorimeter, using a laser beam and counting the
movement of the fringes during the heating process.

2.5 Ongoing Research

There is intense ongoing metrology and dosimetry
research at the UWMRRC aiming to develop
standards for unsealed radionuclides used for
radiopharmaceutical therapy, development of
mammography calibration beams, establishing
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traceability for radiobiological
beams, and creation of calorimeter
arrays. These advances will pave
the way for enhanced precision and
accuracy of the quantities involved
in medical physics improving
treatment outcomes and reducing
unnecessary radiation exposure to
patient population.

3. Education

The members of the UWMRRC
are affiliated with the Medical
Physics department at the UW-
Madison. The faculty teaches
graduate classes such as Radiation
Physics Metrology, Physics of
Radiotherapy, and Radiological
Physics & Dosimetry. The
UWMRRC graduate students are advised by the
faculty and enroll in classes pertaining to the
Medical Physics degree. The equipment at the
UWMRRG, such as linear accelerators or radioactive
sources, is actively used for conducting laboratory
classes and other didactic activities. There are
continuing education courses provided to clinical
medical physicists that aid in the American Board
of Radiology (ABR) Maintenance of Certification
(MOC) program. In summary, the UWMRRC is
actively involved in educating the next generation
of medical physicists and updating the current
members of the medical physics community on
the advances made in radiation metrology and
dosimetry.

4, Conclusion

The UWMRRC is associated with a secondary
laboratory and does metrology research in
conjunction with interactions with NIST. We have
covered all aspects of the application of radiation
for medical uses. During this process, we have been
able to train numerous students in metrological
research. The educational, research, and calibration
services provided by the laboratory have made a
tremendous impact on the field of medical physics.
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Figure 3. a) Schematic of an aluminum calorimeter is shown along with the b) temperature rise during irradiation (Adapted from

Bourgouin et al. [12]).
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How to Verify Every Test Point Against
Your Lab’s ISO/IEC 17025 Scope of
Accreditation
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Digitalization of business processes is essential for future metrology, and all stakeholders, such as calibration labs,
customers, and Accreditation Bodies (ABs), will need to move into the 21st century. A critical use case for digitization is
the process of verifying measurement uncertainties on an accredited certificate of calibration. To accomplish this, we need
digital representations of a Scope of Accreditation (SoA) containing a calibration lab’s calibration measurement capabilities
(CMC). But digitization is more than just a lab’s PDF copy of their SOA found on the Accreditation Body’s (AB) website.

Using the NCSLI 141 MIl Committee’s beta version of a “Metrology Taxonomy” database used for creating a digital version
of a Scope of Accreditation, it is now possible for a computer to verify every test point’'s measurement uncertainty against
the Lab’s SoA. This paper will demonstrate the steps required (with sample code) to modify a Digital Calibration Certificate
(DCC) by adding taxonomy tags, using those tags to compare the uncertainties in the DCC against the measurement
uncertainties in the lab’s SoA, and then show the user what, if any, measurement uncertainties are not in accordance with

the lab’s SoA.

Introduction

Calibration labs using automation often find that
automation software is generating measurement
uncertainties below the calibration lab’s accredited
calibration measurement capabilities (CMCs). This
can result in a finding by the auditor and a huge
undertaking updating the automation software if
that is even possible.

Well, there is no simple solution! In the majority
of cases, the solution is either rewriting the software
or creating some manual process where a technician
can verify and edit each and every test point on an
accredited calibration!

The Digital Metrology Solution

The NCSLI (National Council of Standards
Laboratories International) MII (Measurement
Information Infrastructure) 141 Committee’s
charter is to create a set of normative standards
that unambiguously define data structures,
taxonomies, service protocols, and security for
locating, communicating, and sharing measurement
information. At the heart of this technology is the
creation of a catalog containing all of the unique
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“Metrology Taxon” definitions for every known
measurement and then use that catalog of metrology
taxonomies to link data from different systems,
formats, and technologies.

The examples covered in this paper will show how
the Metrology Taxonomy can be used to verify the
measurement uncertainties generated from inside
an automated calibration against a calibration lab’s
Scope of Accreditation. And to keep things simple, we
will be using the Source.Voltage. AC.SineWave taxon.

Source.Voltage.AC.SineWave Taxon

Source Voltage AC Sinewave as a taxon is a generic
description or tag for anything that can generate
a known sine wave voltage. “Source” means it is
created or generated as opposed to being measured.
The second element, “Voltage,” is the quantity kind
of metrological interest. Lastly, the “AC.SineWave”
is a further description of the “Voltage” element.

Along with the unique name “Source.Voltage.
AC.SineWave,” the taxon definition also requires
us to provide two additional elements: Voltage and
Frequency. These two elements are required because,
without them, it would be impossible to create an AC
sine wave signal. Additionally, the taxon definition
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allows for additional elements like Impedance or
anything else the user may want to include.

This is a high level of abstraction that breaks the
measurement requirements down into the root data
elements independent of the hardware required to
source AC voltage at a given voltage and frequency.

More information on creating and understanding
Metrology Taxonomies can be found http://
miiknowledge.wikidot.com/start.

Taxon vs. Technique

The hardest part of the Metrology Taxonomy is
understanding the separation of taxon vs. technique.
The taxon/taxonomy is the generic definition, the big
picture, or the abstraction of the metrology process.
It is the idea of the measurement without regard
to the specific hardware or measurement process,
whereas techniques are the implementation of a
Metrology Taxon. This is where the specific hardware
and measurement process are included. A technique
can have a process based on a single instrument or
multiple standards to perform the task.

For example, a technique could use a meter to
measure and adjust the output of a device, then use
the meter’s value as the known value for a Source.
XXX taxon.

Source.Voltage. AC.SineWave Technique

Looking at the three examples below (Table 1), a
typical multi-function calibrator could generate a
known 120V @60 Hz, but only a few could generate
10 V@ 1 MHz. Hardware to generate 100 kV @ 60 Hz
is not as common.

Techniques and implementations can vary. How a
lab generates a known voltage is independent of the
Source.Voltage. AC.SineWave’s generic definition.
For example, a lab could use a long-scale multimeter
with a variac to get a known 120.000 V from the AC
power outlet. If the lab could prove proficient in
using a variac with a DMM to generate “a known”

Voltage Frequency
Source.Voltage.AC.SineWave 120V 60 Hz
Source.Voltage.AC.SineWave 10V 1 MHz
Source.Voltage.AC.SineWave 100 kV 60 Hz

Table 1.
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AC Voltage, it could be added to a lab’s scope of
accreditation.

Test Points, Specifications, and Taxons

Next, we need to look at the relationship between
the UUT's specifications and the test points performed
by the calibration lab. Typically, there are two taxons
at every test point.

The first taxon is related to the UUT and the
specification that is being tested. This is a link back
to the UUT’s published specifications represented in
the Test Point’s upper and lower test limits.

The second taxon relates to how the UUT’s
specifications are tested. This is directly tied to
the work performed by the calibration lab. A Test
Result is tied to a specific point in time under
specific test conditions. It is the documentation of
the measurement made and should not be confused
with the instrument’s specifications.

A calibration lab needs to verify the uncertainty
of measurement made by the calibration lab against
the lab’s Scope of Accreditation. Not the UUT’s
specification or the test limits of a test point. It is the
calculated/reported uncertainties that need to be
checked against the Scope of Accredation.

Digitizing the Scope of Accreditation

Part of the NCSLI 141 Committee’s efforts have
focused on creating a digital version of a calibration
lab’s Scope of Accreditations. The short history is
back in 2015, when a group of us tried to digitize a
lab’s SoA as a proof of concept and discovered that
much of the details needed were unstructured and
found in the notes column of a typical SoA. This
made searching an SoA for a set of relieving CMCs
impossible, let alone calculating measurement
uncertainty.

This challenge was quickly adopted into the
mission statement of the 141 Measurement and
Information Infrastructure Committee (MII). In
2016, at NCSLI, David Zajac presented the first XML
schema to represent a calibration lab’s SoA in a digital
format. The group continued evaluating CMCs from
over 1300 accredited labs across the US. In 2017,
Qualer loaded all of the CMC into https://search.
qualer.com, allowing users to search CMCs by unit
of measure and quantity type.
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What we learned was
that searching by the
unit of measure, quantity
types, and or keywords
was insufficient to
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accreditation bodies. 1:

Even after collecting over | .51 ..

250k CMCs and putting
them into a single format,
the data was still far from
machine-actionable.
Here are some of the
problems we discovered:
1. 1.2 g as a unit of
measure. One
would think this
is grams, but it
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was a vibration
measurement.

2. 30 fpm as a unit
of measure. We had to call the lab; it was
frequency flashes per minute.

3. 10 ° What is a degree? Temperature, plane
angle, magnitude phase....

4. 3000 °C Does the lab really have a furnace that
goes that high?

These are just a few examples of situations where
simply using the unit of measure is unreliable. Even
when using a quantity type identifier, the data is not
machine-actionable because it can be ambiguous. The
problems still remain: First, was the lab sourcing or
measuring the value? And second, as in temperature,
does the lab really source a known 3000 °C?

So, the committee zeroed in on Metrology Taxons
to identify better what an individual CMC was doing
metrologically. Using the problems posed above:

1. 1.2ggetsextended with Measure.Acceleration.

Vibration.

2. 30 fpm gets extended with Source.Frequency.

3. 10 ° gets extended to Measure.Phase.
TransmissionFactor.

4. 3000°C getsextended to Measure.Temperature.
Simulated. Thermocouple.

The 141 Committee is working weekly, and on
occasion with other organizations around the world,
to further define taxons in additional measurement
areas. We are in the process of setting up a public
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Figure 1. Screenshot of the Scope of Accreditation Editor.

GitHub site where we can maintain all of the official
taxons.

Scope of Accreditation Editor

In 2022, Cal Lab Solutions, Inc. released beta
version 1.0 of the Taxonomy Editor and the Scope
of Accreditation Editor. These two tools are open-
source and maintained on GitHub: https://github.
com/CalLabSolutions/Metrology.NET_Public.

You don’t have to be a developer; simply download
the files, then navigate to /Source/Executables/
SoA_Editor. You can start digitizing your SoA today.
NOTE: This software is still in beta, so feedback is
appreciated.

Another important thing to note is the SoA Editor
is not just text; the formulas and calculations are
functional as well. Users can define fixed values or
more complex calculations and then pass in values
like:

Nominal = 10,

Range =10,

and the SoA Editor will calculate the uncertainty!

The SoA Editor is open-sourced, so other
organizations and accreditation bodies could use
it freely and with few restrictions. Our motive is to
move metrology into the digital age by promoting
solutions for stakeholders, not profits to shareholders.
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SoA Calculation Service

The SoA tool is great for checking calculations,
communicating, and coordinating with an
accreditation body. However, it was never designed
to integrate with other applications. This is where a
RESTful application programming interface or API
comes into play.

This was the majority of our work in 2023 and
the highlight of this paper. Now that we have a
digitized version of our SoA in an XML format, we
need a simple and easy way to connect it to all of
our automated calibration software. Service-oriented
architectures allow us to make a decoupled call to
a server requesting some data, and the server will
securely return the resulting data to my application.

The way this works is by sending an encrypted data
package in a JSON format to an https server on port
443 using a REST call. It may sound strange, but this

MicHAEL L. ScawARTz AND DAviD WOLFE

is how the whole internet works!

The UseCase, illustrated in Figure 2, is fairly
simple. After the technician in green on the left has
uploaded the XML file, the technician in blue on the
right is able to run a calibration where the software
can check each and every test result’s measurement
uncertainties against the SoA.

As each test result is saved back to the server,
a REST call to the Unc Calc will be executed,
passing the specifics of the test result to the SoA
Uncertainty Calculation Service. The JSON data
package will contain the exact requirements for the
uncertainty calculation requested from the lab’s SoA,
generically, meaning it will contain the metrological
specifications, not the specific CMC line in the SoA.
The JSON formatted data looks like this inside:

Taxonomy= Source.Voltage.AC.SineWave
Voltage= 3.5
Frequency=100e3

° Digital Transformation
m o
Automated Metrology Taxonomy
Calibration r_" Digital
! Run SoA / XML
| Test Group Metrology I
| Technique Gerels SoA Unc |
Ll
| I Execution Calculator :
1 f—’: |
| [ |
| | | | I :
| [ | |
| | Test Result 1_{ | I
____________________ |
_ :< B : —! Unc Calc SoA CMC Measurement
) e AR I I < Uncertainty Calculation
¥ |
1 I 1 I
| | TestResult2 1 |
=== Q- == 1T A Unc Calc '
e — ! I - -;:
0 1 [ |
/P E— E— A— 7
| [ I
[
1 | Test Resultx | |
[ ‘} ““““ 1 Unc Calc I
¥ | | | g
5y R
- F : | r ! 17025
| Calibration
|
: 100 % Verified ISO/IEC 17025 Calibration Data }
I —¥
Figure 2.
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The data will be sent using a POST to an API
URL like this: https://metrologymanager.com/data/
UncCalc/SoA_FileID, where the API will return
a list of CMCs-based measurement uncertainty
calculations matching the request parameters.

Item1
Uncertainty = 6.2e-4
Technique = Fluke 5720A
Range =2.2 to 22
Volts =3.5
Frequency = 50e3 to 100e3
Item2
Uncertainty = 1.8e-3
Technique = Fluke 5720A
Range =2.2 to 22
Volts =3.5
Frequency = 100e3 to 300e3
Item3
Uncertainty = 9.3e-3
Technique = Fluke 5520A Normal
Range =3.3 to 33
Volts =3.5
Frequency = 50e3 to 100e3

From the list of Items returned, the software can
now select the best matching CMC or the lowest
CMC, depending on the requirements.

When the application receives the uncertainty
calculations from the SoA Calculation Service, it
can then determine the uncertainties to report on
the accredited calibration. If the user has selected an
alternate uncertainty calculator overriding the in-app

calculation, it will then compare the result to the SoA
uncertainties.

If the SoA’s uncertainty calculation is greater than
the software’s uncertainty calculation, it will report
the SoA’s uncertainty and note this test point for
future audits. Otherwise, it will use the uncertainties
produced by the software in the calibration results.

Mock Example

For our test case, we wanted to do a mock
accredited calibration on an HP 34401 A using a Fluke
5730A calibrator. In the example, the calibration
lab is accredited with their Fluke 5520A. They just
received a new 5730A with a 5725A Boost amplifier
with an accredited calibration, but they have yet
to update their accredited uncertainties with their
accreditation body.

They can perform accredited calibrations with
their Fluke 5730A; they just can’t overstate their
uncertainties.

Here we see the software will place a light green
check mark on all the test points the lab is accredited
for, but the software used the best uncertainties from
the SoA in place of the 5730A’s in-app calculated
uncertainties (Figure 3). It will place a dark green
check mark everywhere the in-app or alternate
uncertainty calculations are equal to or greater than
the SoA’s uncertainty. If the lab was not accredited
at that test point, the check marks in the accredited
column were all left blank.

Search D) Manual Entry Mode

Step  Description  Test Type Mominal Lower Limit Upper Limit.  Measured . Uncertainty ' Status Susmmary
100w Range Within Limits <> 100mV @1 kHz 7.954 10044 10000 JELT0E-& o Passed TUR 53 to L. Conhdence = 77

2 100w Range WithinLimits <> 1000mV@IikHz 72300 100, 100 L0000 ] S O0E-& o Passed TUR 2.7 to L Conhdence = 77

3 100w Range  Within Limits <> 1000 mV §50kHz 72383 10017 100 LI0OE-5 " Passed TUR 2.7 to 1. Conhdence = 77
1V Range Within Limits <= 10V &1kkMz Oyl 100050 100004 J2.00E-5 o Pagsed TUR 20 to L Cortfhdance 84,9

5 1V Rangse Within Limits <> 1.0V &508H: Q¥R L0010 100000 12T0E-4 o Padisd TUR 47 to L Confidance = 79

& 10" Rangs Wiehin Limits <= 100V &1kH: .9910 10L0050 0O 9.2M2E-2 ._ Pagied TUR QL] to 1. Conthdencs 15.5

7 107 Range Within Limits <= 100V @50kHz P.F830 100170 = ot Tested

B 107 Range Within Limits <> 100V @10Hz 27710 100070 Mot Tested

7 100V Range  WithinLimits <> 100.0% @ 1kHz 73910 100,070 Mot Tested

10 100% Range  'Within Limits <> 1000V @50kHz #7830 100170 Mot Tesbed

11 TS50V Range  Within Limits <= 7500 @1kHz ra7325 150875 Mot Tested

12 TS0V Range 'WithinLimits <> 7500V @&50&Mz  T4B.725 751375 Mial Tebed

Figure 3.
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Referring to Figure 4, the application software
calculated an uncertainty of +4.9e-4 V using only the
Type B 95% specifications of the Fluke 5730A. Then by
calling an alternate calculator, where the calibration
lab added additional contributors like traceability,
repeatability, and reproducibility resulting in an
expanded uncertainty of +6.2e-4 V., the software is
able to check against the SoA uncertainties. Because
the lab is only currently accredited to £9.3e-3 V using
their Fluke 55204, they cannot report an uncertainty
below that value. So the software replaces the 6.2e-4
V uncertainty with 9.3e-3 V and reports that value on
the certificate of calibration.

Each test point and test result is checked. The
difference in uncertainty between a 5730A and a
5520A is huge. The software will be able to check
and verify small values just as well. If the application
using a 5520A generated an uncertainty of £9.2e-3 'V, it
would have replaced it with +9.3e-3 V because at the
time of calibration +9.3e-3 V is the maximum value the
labs is accredited to on their Scope of Accreditation.

MicHAEL L. ScuwarTz AND DAviD WOLFE

Conclusion

Moving metrology into the digital age, there is still
a lot of work that needs to be done!

This paper and software example is the first
attempt at creating an architecture to allow a software
application to verify each and every test point
against a calibration lab’s Scope of Accreditation.
Over time, the systems will become more polished
as technologies advance.

As the NCSLI MII 141 committee continues to
push technology forward, we're learning what works
and what doesn’t, innovating at the leading edge of
technology.

Michael L. Schwartz (mschwartz@callabsolutions.
com), CEO of Cal Lab Solutions, Inc. and Publisher
of CAL LAB, Aurora, Colorado.
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Figure 4.
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A Collection of Meatballs

Dan Wiswell

Amblyonix Industrial Instrument Company

I'was moving through some of the equipment in my
archive recently when I concluded that I may have
to create a separate wing dedicated exclusively to
General Electric. I don’t know how it happened, but
now, there is just too much equipment to present here
in one article. On several occasions, I found some of
the specimens in small collections of equipment when
local companies went out of business. Sometimes,
just by a twist of fate, I happened to be in the right
place and the universe appears to have provided. So,
let’s get into it.

As ayoung metrologist in the 1970s, I used to repair
industrial test instruments at the Mancib Company,
Inc., located in Burlington, Massachusetts. Back
then, there was a fair mix of old-fashioned analog,
and the more modern digital test equipment of that
time, coming through our repair department. It was
abusy lab with eight metrologists and an assortment
of other individuals working in sales and our value-
added department. Hundreds of pieces of equipment
flowed through the lab each week. A fair portion of
it was made by General Electric.

Early Meatballs

Many people know that Thomas Edison was one of
the founders of General Electric. It is an interesting
study to read about his innovations and of his
association with other visionaries of his time. He had
the ability to attract the interest of powerful men, the
likes of which J. P. Morgan was one. Mr. Morgan was
on General Electric’s board of directors and was also
a founding father of the company.

By themselves, these gentlemen were major
contributors to the advancement of technology in
the evolving world of those times. By combining
their energies, they helped elevate society to a
technological level only imagined just a few decades
before.

Timing seems to also have played a hand. The
company’s first government contract was to design
and construct the electrical control system for the
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locks and safety features of the Panama Canal. It
was the largest fully electric supervisory and control
system of its kind in the world. Control rooms that
monitored ship traffic in the canal were equipped
with complete, working, miniature models of the
canal that replicated all the working features of
each portion of the canal that they served. The entire
system stood as a testament to the prowess and
ingenuity of the GE technical team.

Soon after commissioning the Panama Canal site,
orders for General Electric products began streaming
in from around the globe. As the company grew, it
became easier to list products that were not made by
GE than to encompass their entire product offering.
From heavy industrial electrical equipment and
locomotives to a myriad of household appliances, all
products sported the stylized GE logo, affectionately
known as the GE meatball. My first recollection of
seeing this logo was on my grandparents’ refrigerator
that they purchased in the 1940s.

Picture 1. GE ammeter that pre-dates the popular P-Series.
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Picture 2. GE Type P3 Ammeter calibrated
May 20, 1911.

Schenectady Ammeters

I felt as if my horizons were broadened when I
began seeing the variety of electrical instruments
the company also made. Most of GE’s electrical
instruments were made at its large factory located
in Schenectady, NY. Many tens of thousands of an
extensive range of electrical instruments were made
there during the wooden box era of test equipment
design in the late nineteenth and early twentieth
centuries.

Most of the Schenectady plant’s production
of early instruments was focused on portable
instruments that measured the electrical power
parameters of voltage, current, power and power
factor. The Type P3 and P4 series of instruments
were some of the most popular GE products that
passed through the Mancib Company’s lab when I
worked there. Pictured here are some examples of
Type P3 and P4 ammeters that I have retained over
the years. However, the first example pre-dates the
P series designation. It was calibrated in 1910 at the
factory in Schenectady and still measures current
within its original tolerance (Picture 1).

Another example of a Type P3 Ammeter is shown
in Picture 2. This unit was calibrated at the GE plant
located in Lynn, Massachusetts on May 20, 1911. To
the right of this unit is a Type P3 ammeter that was
repaired by the Alvin S. Mancib Company on October
15, 1948. A record of this repair is inscribed on the
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Picture 3. GE Type P3 Ammeter repaired October 15, 1948.

- Tutd

meter scale of the instrument, as can be seen in the
picture’s detail. In those days, the Mancib Company
was located in Cambridge, Massachusetts and was a
full-service distributor of GE measuring instruments.

The General Electric facility located in Lynn,
Massachusetts has been a large employer of the local
population for over 130 years. Some of my employees
that worked as metrologists at Cal-Tek Company
also worked previously at the GE Lynn plant. Now
a part of GE Aerospace, this facility is where the first
American jet engine was made during World War
II. It had an extensive laboratory where many GE
instruments were standardized or recalibrated over
the years. The Type P4 ammeter below was calibrated
there on August 14, 1911. Adjacent to the P4 ammeter
is a Type P3 voltmeter calibrated at the same facility
nearly thirty years later. Both were owned by the
Boston Edison Company.

Picture 4 and 5. GE Type P4 Ammeter and Type P3 Voltmeter.
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Watt Meters

Moving on to watts, to the right
are some examples of Type P3
watt meters. I found some of these
at motor repair shops. Judging
by the volume of the surviving
examples of these instruments,
they appear to have been very
popular in their day.

A Few More of Note

Lastly in this series, I have
included some examples of power
factor measuring instruments. It
is obvious that the front panel
layout of the Type P3 and P4
series of instruments lent itself
well to a broad range of products.

These instruments were not the only types of
instruments manufactured at the General Electric
plant in Schenectady, NY. Chart recorders and many
other instruments were made there as well. Clamp-on
current meters and portable watt meters like those
shown (Pictures 11 and 12) also came out of the
Schenectady plant.

To me, some of the most beautiful instruments
that were produced in the early twentieth century
by General Electric were the PL2 Series of laboratory
standards. Pictures 13, 14, and 15 were the primary
standards of the Alvin S. Mancib Company. These

Picture 6 and 7. GE Type P3 Watt Meters.

were their laboratory standards for AC current,
voltage, and watts. They were located in the inner
sanctum of the laboratory.

Only a few metrologists in the company were
allowed access to them. I feel privileged to have them
inmy archive. They were in use for over fifty years and
were replaced in the late 1970s by calibrators made by
the Rotek Company located at the time at 220 Grove
Street in Waltham, Massachusetts.

As I was taking pictures of these products it was
interesting for me to see the various calibration
stickers from local laboratories that have calibrated
these devices over the years. It brought a smile to my

Picture 8, 9, and 10.
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face to see the names of
metrologists in the support
documents that add to
the provenance of each
instrument. I revered these
gentlemen as a young man.
Looking back, it could
have been possible for
five generations of my
family to have worked in
b, the test and measurement
e mans | field in the Boston area.
a6 e | Were he so inclined, my
. great grandfather could
have used some of the
instruments that I still
pass by each day. That
is probably why, to this
day, I still feel compelled
to keep them all in good
working condition.

Picture 11 and 12.
GE Clamp-on current ~ Dan Wiswell (dcwiswell@aol.com), North Billerica,
meter and portable watt Massachusetts.

meter manufactured
at the GE plant in
Schenectady, NY.

= S .
Picture 13, 14, and 15. Laboratory standards for the Alvin S. Mancib Company, replaced by calibrators in the late 1970s.
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NEW PRODUCTS AND SERVICES

IndySoft Unveils the IndySoft Scales Calibration
App, an Easy, Quick Way to Complete NIST
Handbook 44-Compliant Calibrations

New app works offline, provides everything technicians
need to get the job done fast and on target

CHARLESTON, S.C., March 19, 2025 /PRNewswire/
-- IndySoft (www.indysoft.com), a global leader in
calibration and asset management software, introduces the
IndySoft Scales Calibration App- a fast, easy-to-use solution
designed to help scale calibration companies maximize
accuracy, productivity, and customer satisfaction.

Built to meet NIST Handbook 44 requirements, the app
features a simple, intuitive interface with built-in procedures
for Truck Scales, Platform Scales, Tank Scales, and Balances.
It works offline, eliminating the hassle of clipboards,
spreadsheets, and unreliable internet connections —allowing
technicians to complete jobs faster and with greater precision.

The IndySoft Scales Calibration App is built on the trusted
IndySoft platform, used by leading metrology organizations
worldwide. It gives scale organizations and calibration
technicians the tools they need to:

* Ensure compliance: Helps organizations stay
compliant with specifications, tolerances, and technical
requirements for devices like scales, fuel dispensers,
and meters used in commerce and law enforcement.

* Streamline scale calibration workflows: Provides
a complete scale calibration solution that helps
technicians meet NIST Handbook 44 requirements
quickly and reliably.

* Capture every charge and boost profitability: Logs
all billable items—parts, labor, mileage —on the spot
to ensure accurate invoicing.

* Improve customer satisfaction: Generates fast,
accurate reports and labels to help customers pass
inspections with ease.

* Increase technician productivity: Offers an intuitive
interface with built-in procedures for common scale
types — meaning technicians can ditch the clipboards
and Excel sheets and get more done with greater
precision.

* Complete scale calibration efficiently: Cuts calibration
time by automating setup and test calculations, even
offline, so techs can finish jobs quicker and move on.

* Reduce training time and improve accuracy: Built for
technicians, the app is simple to use, reducing training
time and errors.

“The IndySoft Scales Calibration App solves the problem
of missing job details, Microsoft Excel sheets that don’t sync,
and spotty Internet that slows down calibration processes,”
said Rhett Price, CEO of IndySoft. “It ensures that reports
are on time, customers are happy, and compliance is fast
and easy.”
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Get Started with the IndySoft Scales Calibration App

The IndySoft Scales Calibration App is available for
immediate implementation. Businesses can set it up
independently or work with IndySoft’s cloud team for a
seamless deployment. Whether in a scale dealership, a
government agency, or a calibration lab, the IndySoft Scales
Calibration App makes scale calibration faster, easier, and
more accurate than ever before.

Learn more at: https://indysoft.com/scalescalibrationapp
or contact sales@indysoft.com.

Durable New 1.0mm Test Cable Assemblies Provide
Superior Signal Integrity Up to 110 GHz

Fairview Microwave’s Latest Line Is Designed for High-
Performance Testing

IRVINE, Calif. — Fairview Microwave (www.
fairviewmicrowave.com), an Infinite Electronics brand and
a leading provider of RF, microwave and millimeter-wave
products, has announced the launch of its new 1.0mm test
cable assemblies, designed for high-performance test setups
requiring superior durability and signal integrity.

Made with an armored, ultra-low loss, phase-stable
coax cable, these assemblies are available in 1.0mm male-
to-male and 1.0mm male-to-female configurations. They
support frequencies up to 110 GHz. In addition, they
provide exceptional phase stability, low insertion loss
and rugged crush resistance, making them ideal for long-
term, demanding test environments in industries such as
telecommunications, aerospace and defense.

The armored construction of these cables offers maximum
durability, enabling them to withstand mechanical stress,
repeated handling and harsh environments. Their crush-
resistant design provides enhanced protection against
physical damage, making them a reliable choice for long-
term use.

“Our new 1.0mm test cable assemblies deliver the
reliability and precision that engineers require in high-
frequency testing,” said Senior Product Line Manager Amar
Ganwani. “By combining ultra-low loss performance with
armored durability, these cables meet the needs of even the
most rigorous testing environments.”

Fairview’s new 1.0mm test cable assemblies are in stock
and available for same-day shipping. For inquiries, please
call +1-972-649-6678.
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NEW PRODUCTS AND SERVICES

PTI Introduces a New Proficiency Testing
Approach

The international community uses proficiency testing
as evidence of the competence of a laboratory. But many
laboratories see proficiency test participation as just a
requirement of the ISO/IEC 17025 standard rather than a
very useful tool. Several years ago, I wrote an article about
proficiency testing for an accrediting body. I asked the
question: “Who do you want to tell you there is an error
in your measurement results? Your PT provider or your
customer.” Obviously, not your customer. Proficiency
testing can be a valuable tool.

Things You Should Know About Proficiency Testing

The difference between a Proficiency Test (PT) and
Interlaboratory Comparison (ILC) is how the value of
the measurements are derived. An Assigned Value in a
proficiency test for calibration laboratories is one that is
determined by calibrations from reference laboratories.
This is a known value. A Consensus Value in an ILC is one
thatis derived from the data collected from the participants
of a particular test (an average of all participants data, for
instance). In other words, a PT uses a known (assigned)
value for each measurement, whereas an ILC may use a
calculated (consensus) value.

The Proficiency Testing, Inc. Process

Our process is a PT where all measurements are
known values as determined from one or more reference
laboratories.

At Proficiency Testing, Inc., we have devised a unique
process for providing test artifacts to our participants.

1. Our test windows start on a Monday of your choice.

2. Your lab has until the following Tuesday for return
shipment.

3. You are not required to ship the test kit to another
laboratory.

4. Preliminary reports are available through your
secure portal, usually the same day as data submittal.

5. Should you have outliers, as indicated on your
preliminary report, you have time to investigate
and correct the issue and resubmit your test results.

6. Your corrective actions for outliers can be uploaded to
your portal for easy access during your assessment.

7. Our artifacts are calibrated by high accuracy,
accredited reference laboratories rather than
using consensus values based on the average of all
participants.

8. At the end of each test cycle, a complete report is
issued to allow you to compare your results with
other participants using you lab code.

9. All reports issued by PTI bear the ANAB symbol
indicating all requirements of ISO/IEC 17043:2023
are met.

About Proficiency Testing, Inc.

The PTI project was started in 2021 with the purpose
of devising PT schemes that provided participants with
preliminary results before they had to send the artifacts
to the next laboratory. Our kits are returned directly to
us unless agreed in advance. Our aim is to have enough
kits available to allow each participant adequate time to
complete the testing without pressure to send to another
laboratory.

PTI is proud to be accredited by ANAB to ISO/IEC
17043:2023. We were the first US proficiency test provider
for calibration laboratories to be accredited to the latest
edition of the standard.

Test kits are available in DC Low Frequency, Dimensional,
Dimensional Inspection, Pressure and Vacuum, Torque,
Force, Thermodynamics and Time and Frequency. Coming
soon are RF devices and mass.

For more information and test descriptions, visit
www.proficiencytestinginc.com , email us at sales@
proficiencytestinginc.com or call 352-899-2064.

To see test details and availability, you must register.
There is absolutely no obligation to register. The link is
www.proficiencytestinginc.com/client-registration.

Sample cylindrical plug gage, gage block and pressure / vacuum kits.
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Rohde & Schwarz Launches R&S
NRP140TWG(N) Thermal Power Sensor: A New
Benchmark for F Band Applications

Munich, 13 Mar 2025 — Rohde & Schwarz presents the
new Ré&S NRP140TWG(N) thermal power sensor, designed
to meet the growing demands of applications in the F band
utilizing a WR 8 waveguide connector. The NRP140TWG(N)
is fully traceable to the National Metrology Institute (NMI) in
Germany (PTB) and is temperature compensated, ensuring
accurate and reliable measurements. With its plug-and-play
capability, users can easily connect via USBTMC or LAN
digital connectivity, making it an ideal solution for a wide
range of applications.

The new R&S NRP140TWG(N) power sensor ideally
suited to F band applications due to its native WR 8
waveguide connector. (Image: Rohde & Schwarz)

The new R&S NRP140TWG(N) follows the excellent R&S
NRP170TWG power sensor which was the first thermal
power sensor to cover the full D band. With the new sensor,
Rohde & Schwarz now also offers a dedicated solution for
precise power measurements in the F band, using an WR 8
waveguide connector.

Accuracy is vital to complex wideband measurements.
Therefore, the sensors are fully calibrated for long-term
stability and can compensate for environmental temperature
influences within the specified operating range from 0°C
to + 50°C. R&S NRP140TWG(N) sensors have a dynamic
range of -35 dBm to +20 dBm and up to 500 measurements
per second, making them extremely fast with outstanding
performance. They are the only NMI-traceable RF power
sensors for the F band.

Prepared for new upper-band automotive radar and
SatCom applications

As the ADAS/AD community collaborates with
standardization authorities to define new frequency bands
for automotive radar, the R&S NRP140TWG(N) is ready
to facilitate safer radar-based ADAS and autonomous
driving technologies. With the increasing exploration
of higher frequency bands in satellite communications,
the R&S NRP140TWG(N) has already attracted orders
from major space companies, underscoring its relevance
in this critical industry. Further, the sensor is essential for
RF power measurements in any application utilizing WR
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8 waveguide connectors, including T&M instrument level
verification, amplifier characterization, device development,
and regulatory compliance.

Ease of use

All Rohde & Schwarz NRP power sensors are easy
to use and stable with excellent connectivity, letting
researchers, developers and production engineers focus
on more challenging tasks. R&S NRP140TWG(N) sensors
provide stable power readouts even at low power levels,
have excellent drift performance and are resilient to
external temperature changes or out-of-band signals. R&S
NRP140TWG(N) are easy to use thanks to USB or LAN
connectivity.

NMI traceability

In collaboration with Germany’s national metrology
institute Physikalisch-Technische-Bundesanstalt (PTB) and
other European NMIs Rohde & Schwarz was first to establish
NMI traceability up to 170 GHz for the R&S NRP170TWG.
Now, the new R&S NRP140TWG(N) sensor offers full NMI
traceability in the frequency range from 90 GHz for to 140
GHz. NMI traceability is a prerequisite for commercial and
industrial utilization of a frequency band.

The new R&S NRP140TWG(N) thermal power sensors
are now available from Rohde & Schwarz. For further
information visit: https://www.rohde-schwarz.com/

New Software Release for Precision Surface
Analysis

Peak Metrology and Digital Surf launch advanced
profilometry software for precision surface analysis

Pittsburgh, PA and Besangon, France — Jan 30, 2025 —
Peak Metrology (www.peakmetrology.com), automated
metrology equipment designer and manufacturer, and
Digital Surf (www.digitalsurf.com), editor of analysis
software solutions for profilometry, microscopy and
spectroscopy, have announced the release of Peak Metrology
Surface Analysis, a profilometry software package powered
by Mountains® technology that enables engineers, scientists
and metrologists across industries to analyze precision
scanned surface data.
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The key capabilities of this analysis software include:

® Comprehensive surface characterization: Peak
Metrology Surface Analysis analyzes surface
geometry, profiles and topography with exceptional
precision, supporting measurements from microns
to nanometers.

®  Versatile sensor compatibility: the software works
seamlessly with Peak Metrology scanning equipment
and supports data from multiple sensor types
including confocal sensors and microscopes, laser
profile sensors, interferometers and other non-contact
optical measurement devices.

® Automation and replication: users can build
recipes and templates that allow for automated
surface analysis that minimizes or eliminates the
need for operator intervention. Measurements can
be performed repeatably and without common
error sources that plague operator-driven software
packages.

Peak Metrology Surface Analysis software includes a
suite of tools allowing the extraction of actionable data from
the raw surface measurements generated by the scanning
equipment. Main customer applications include:

® Measuring flatness and coplanarity of surfaces.

®  Measuring surface geometry such as distances, areas,
step heights, angles and volumes.

® Analyzing individual layer thicknesses and total
thickness variation (TTV) of surfaces.

® Calculating and evaluating surface roughness and
texture.

“Our collaboration with Digital Surf marks a major
advancement for our customers,” said R] Hardt, President of
Peak Metrology. “By combining our cutting-edge scanning
equipment with Digital Surf’s renowned analysis software,
we are delivering a powerful, seamless solution for precision
surface analysis that empowers our customers to achieve
unmatched accuracy and reliability.”

“Partnering with Peak Metrology has allowed us to extend
the reach of our software into new, innovative applications,”
said Christophe Mignot, CEO of Digital Surf. “Together,
we are providing users with an automated, user-friendly
solution that converts raw surface measurements into
meaningful results, enabling breakthroughs in research and
industrial quality control.”

About Peak Metrology

Peak Metrology designs and manufactures surface
metrology equipment. Working across the semiconductor,
consumer electronics, medical device, aerospace, automotive,
energy and defense industries, Peak Metrology’s engineers
solve customers’ complex surface metrology challenges
with equipment solutions that leverage more than 50
years of experience. Customers trust Peak Metrology to
deliver precision equipment that reduces measurement
uncertainty and increases process automation. Visit www.
peakmetrology.com.
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Additel Introduces New Handheld Pressure Pumps
for Precision Calibration

Brea, California (February 18th 2025) - Additel Corporation,
a global leader in pressure calibration solutions, is excited to
announce the launch of its latest series of handheld pressure
pumps: the ADT997, ADT993, and ADT992. Designed to
provide reliable and versatile solutions for both vacuum
and high-pressure testing, these advanced pumps redefine
efficiency and precision in the field. The ADT997 hydraulic
pressure pump covers an extensive range up to 10,000 psi,
while the ADT993 and ADT992 pneumatic pressure pumps
offer a range up to 1,000 psi and 700 psi, respectively.
Engineered with a dual-stage pre-pressure piston, these
pumps reduce effort and enhance efficiency compared to
traditional scissor pumps.

Key features of the new Additel handheld pumps include:

*  Versatile Pressure Range: Capable of handling up
to 10,000 psi.

e Efficient Dual-Stage Piston: Enables broad range
operation with reduced effort.

*  Rapid Stabilization: Innovative system for quick and
stable pressure adjustments.

*  Precision Control: Fine adjustment screw ensures
highly accurate pressure settings.

¢  Ergonomic Design: Longitudinal layout improves
handling and user comfort.

e Flexible Positioning: Multiple operating positions
allow customized use.

*  Modern Replacement: An ideal upgrade for testing,
calibration, and maintenance applications.

“Our new handheld pumps are designed with technicians
in mind, providing a more efficient, precise, and user-
friendly experience for a wide range of calibration and
testing needs,” said a spokesperson Jon Sanders from Additel
Corporation. “The innovative design enhances usability
while maintaining the high-performance standards our
customers expect.”

Product Availability

The Additel Handheld Hydraulic Pressure Pumps are
available now. For more information, visit: www.additel.

com
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AUTOMATION CORNER

Troubleshooting
Automation Software

Michael L. Schwartz

Cal Lab Solutions, Inc.

I can’t tell you how many times I have received
an email or text message saying, “It doesn’t work!”
Well, what doesn’t work? Can you give me any
details? So I thought I would put together some basic
troubleshooting steps followed by what you should
add to your cryptic message of “It doesn’t work!”

I want to start by saying, computers do EXACTLY
what they were instructed to do each and EVERY
TIME. They follow the instructions they were given.
Computers get old and can break, but software
doesn’t wear out.

1. Repeat Tests — Most errors are found when a
test point fails or the results don’t look right.
When this happens, the first thing you should
do is repeat the test a few times. If the results are
consistent, then you know the error is systematic.
If the results are inconsistent, then the problem
is random and will be harder to track down and
find a solution.

2. Check Standards — The next step is always to
“check your standards!” The more accurate
the reference standard, the more things can go
wrong. Double-checking your reference standard
should be common practice.

Checking a reference standard is a pretty simple
task. Simply find a comparable standard in the
lab and compare the two. Grab a comparable
digital multimeter and measure the output to
see if your reference standard is a calibrator
outputting DC voltage. This isn’t a calibration;
this is just a sanity check, and it helps identify an
error before it affects several calibrations.

3. Check Settings — Next, check the equipment
settings against the manual. This is usually an
easy step if the software stopped on the test
point in question. If the software stops, then you
should be able to turn the output on and verify
the measurement. At this time, you can check the
instrument-specific setting against the manual.
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4. Record if Possible — You can also start an I/O
trace and repeat the test. This will allow you to
see the commands getting sent to the instruments.
Most I/O trace tools will allow you to save the
trace and send it with a support ticket.

Another option is to record a video of the UUT
and the reference standards as the calibration
runs. The I/O trace shows the commands paired
with a video of the equipment can really make
remote troubleshooting easy.

5. Check Specs — The next check should be the
test limits. Check the limits in the automation to
the written calibration procedure. Then, check
the written procedure test limits against the
equipment’s published specifications.

Hopefully, after following these five steps, the
problem has been identified. But even if the exact
problem is still unknown, you have gathered enough
information to formulate an intelligent email that will
help get to a resolution.

When you write the email, include the results of the
repeated tests. If you just say it fails, I will respond
with “equipment sometimes fails calibration.” If you
say, “I ran it several times, and the numbers are all
over the place,” or “consistently low,” then I have an
idea of what to look for in the code.

If your email says, “I checked the manual, and the
device settings are wrong; the instruments need to
be configured as follows,” then changes can be made
quickly, and an update is usually that day.

The same goes for errors in the test limits. Don’t
assume the manufacturer’s manual’s calculated test
limits are correct — I can’t tell you how many errors
we have found.

Finally, if you have a video or I/O trace, you can
attach it to the email. That makes it easier to track
down problems. I hope this helps my customers and
other automation engineers get the data they need
from their users.
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