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commercialization of the Kibble-based torque standard.
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Our Team at NIST
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3 Metrology Addicts + 3 Chickens
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2019



IPK no more
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NIST-4 Kibble Balance
Direct 1-kg mass realization
to parts in 108 uncertainty



Kibble Principle, again
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Present State of US Mass Dissemination
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Subdivision from 1 kg to 1 g
• ~1 week to complete
• 44 weighings
• 1200 individual measurements
• Uncertainties now on the order of 10-6

NIST
Accredited Cal Lab

1 kg realization
Uncertainties ~ 10-8



The Big Picture
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Now

Future

“Destruction in the face of progress is not only possible, but an efficient way to get rid of excess.”



What’s next? Let’s get this technology into the hands of industry.
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Shrink and simplify



2020 Dept. of Defense Interest for 2 Systems
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• Army Request:  3 year funding for R&D of the next generation tabletop Kibble 
balance with a focus on design for commercialization at ASTM Class 3 (OIML 
Class F) uncertainties [500 mg – 20 g]

• Air Force Request: 3 year funding for the R&D of an absolute Kibble torque 
standard

NIST 
PREME



US Army Primary Mass Lab Requirements
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KIBB-g2 vs KIBB-g1
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300 mm

600 
mm

Goal: Construct a second 
generation (KIBB-g2) 
tabletop Kibble balance for 
directly realizing 
[500 mg – 20 g]
masses with 
OIML Class F accuracies



KIBB-g2 CAD
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Roberval 
mechanism

50 µm thick



KIBB-g2
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Fingerprints everywhere



Blind Measurement Results
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Army True - KIBB-g2 Measurements (log-log)

Class 3 Uncertainties

True - Meas

Nominal KIBB-g2 (mg) Army True (mg) Difference (mg) Difference (ppm) Class 3 Allowance (mg) Class 3 Allowance (ppm) Meas. Date
20 g 20000.4054 20000.0090 -0.3964 -19.8 0.1200 6.0 4/7/2024
10 g 10000.0092 9999.9680 -0.0412 -4.1 0.0830 8.3 3/27/2024
3 g 2999.9857 2999.9576 -0.0281 -9.4 0.0501 16.7 4/6/2024
1 g 999.9794 999.9879 0.0085 8.5 0.0333 33.3 3/30/2024
500 mg 499.9446 499.9456 0.0010 2.0 0.0267 53.3 4/6/2024
20 mg 19.9993 20.0003 0.0010 51.4 0.0117 583.0 3/25/2024
1 mg * 0.9982 E1 unknown 0.0018 1800.0 0.0083 8333.0 3/29/2024



Delivery to Redstone (April 10, 2024)
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6 months ago

2 weeks ago

6 days ago



Delivery to Redstone (April 10, 2024)

16-18.04.2024, Radom, Poland



NIST-4 vs KIBB-g1 vs KIBB-g2 to scale
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2020 Dept. of Defense Interest
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• Army USATA SOW on KIBB-g2:  3 year funding for R&D of the next generation 
tabletop Kibble balance with a focus on design for commercialization at OIML 
Class F uncertainties [500 mg – 20 g]

• AFMETCAL SOW on torque realization: 3 year funding for the R&D of an 
absolute torque standard having a dynamic range of 0.1 – 142 ozf-in with 0.1% 
uncertainty

(0.0007 – 1 N-m)



Present State of US Torque Dissemination
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NIST length
0.00000001% unc

NIST mass

0.25% Uncertainty

0.000001% unc
2% Uncertainty

0.002% Uncertainty



How does DOD realize torque?
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Electronic NIST Torque Realizer (ENTR v1)
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Magnet Assembly

= +



Electronic Torque Realizer (ENTR v1)
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6.5 Digit Voltmeter

USB DAQ I/O

Programmable 
Current Source

Calibrated Resistor

Dual read head 
encoder system

Can produce holding 
torque up to: 

2 x 10-2 N m 
(3 ozf-in)

ENTR

Torque tool
under test



Results
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A Paradigm Shift is Coming

16-18.04.2024, Radom, Poland



ENTR v1 on top of ENTR v2
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ENTR v2 Preliminary Data
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Ultimate Vision
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Mass Torque

KIBB-g2

KIBB-g3 ?

ENTR v1

ENTR v3 ?



Thank you for 
your attention

Leon.chao@nist.gov


