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Outline @

= Metrology

= Automation of Mass Comparators
= Mass Dissemination Monte Carlo
= What | learned

Certain commercial equipment, instruments, or materials are identified in this paper in order to adequately describe the experimental
procedure. Such identification does not imply recommendation or endorsement by the authors or their employers, nor does it imply that

the materials or equipment identified are the only or best available for the purpose.
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Metrology ®

= The scientific study of measurement.
= Commerce, science.
= Primary Standards Lab.

= Length, Mass, Force Lab.




Automation of Mass Comparators @&

= Mass Comparators
=  Automation

= Reduction of uncertainty




Measurement Uncertainty

= Measurement error.
= Sources of uncertainty.

Measurement
Uncertainty

€ Measured Value




Correlated vs Uncorrelated @

= Uncertainty of standard correlated to uncertainty of
measurement?
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= One standard compared to several smaller weights.
= (C.10 Weighing design
= 52,21
BBy ko o
il Iﬁ s
an
_W
v ﬁ ﬁ ﬂi' o N;Tﬂ;:ﬂd: :ﬂ:w weights
Series ;i 1;] I |—‘| znnzuumg
§00g 2000 200g 100g 1009 imug
R
Restraint T i Unknown weights
Series 3 T 1_; mn:::rd 31‘? 2? 9
s0g 20g 20g 10g 10g Liog
aic #c. 7




C.10 Design

Y(1) = mgpp — Magoy — Mzoo; — Moo — My 100 T Mchk 5ed 100
Y(2) = mgpp — Magoy — Mzoo; — Moo T My 100 — Mchk 5ed 100
¥(3) =mgpo — Magoy — Mzoo; T Moo — MY 100 — Mchk 5ed 100

¥Y(4) = mggo — Mappy — Migo — MT 100 — Menk 5ed 100

¥(5) = mggg — Mapp, — Mypo — Mx 100 — Menk 5ed 100

Y(6) = magq; — Mago, + Migo — My 100
Y(7) = Maggy — Magos — Maoo T Menk sed 100
¥(8) = Maggy — Mzoos T MY 100 — Mehk 5ed 100

Restraint = mgpp + Mzgoy + Mzgo, + Migo — MRestraine

igan = 500 + (15 X YD) + 15 X ¥(2) +5 X ¥(3) =5 X ¥(6) +5 X ¥(7) + 35 x Restraint) |

B (-8 x Y(1) —8x¥(2)— 12 x¥(3)+2 x ¥(4) + 12 x ¥(5) + 8 x ¥(6) + 12 x ¥(7) + 10 x ¥(8) + 14 x Restraint)
mznﬂi =200+ f?ﬂ

B (—Bx¥(1)—8xY¥(2)—12x¥(3)+ 12 x ¥(4) + 2 x ¥(5) — 12 x ¥(6) — 8 x ¥(7) — 10 x ¥(8) + 14 x Restraint)
Magg, = 200 + /70

gy = 100 + YD +Y(@) + 19XV (3) — 14 X Y(4) = 14 X V(5) + 9 X V(6) =9 X ¥(7) +7 X Restraim}f?ﬂ

Jones, Frank E, and Schoonover, Randall M. Handbook of Mass Measurements. CRC Press, 2002.



My Question @

= |n C.10 design, is uncertainty of standard correlated to
uncertainty of measurement?

= Use a Monte Carlo simulation to find out




Monte Carlo Simulations

= Allow you to quickly simulate many measurements.
= A random number generator applies uncertainties to all
values in the process.

= Standard deviation of all the results equals the uncertainty o
the result.
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Monte Carlo @

Y(1) = mggg — Mazpgy — Mzo0, — Migo — M 100 T Mehk 5ed 100
Y(2) = mggp — Mapgy — Mzo0, — Mioo T M5 100 — Mehk 5ed 100
Y(3) = mggp — Mapgy — Mzoo; T Mioo — MT 100 — Mchk Sed 100
Y(4) = mgoo — Mapoy — Mipo — M¥ 100 — Mehk Sed 100
¥(5) = mgpg — Mapos — Mygo — My 100 — Mehk 5ed 100
Y(6) = magp, — Magp, + Mypg — My 100
Y(7) = Mazggy — Mzo05 — Mygo T Mehk sea 100
¥(8) = Mapgy — Mzoo; T MF 100 — Mehk 50d 100

Restraint = mggp + Myzgg, + Mago, + Mypg — Meestraine

magg = 500 + (15X Y(D) +15X¥(2) +5 X ¥(3) — 5 X ¥(6) +5 X ¥(7) + 35 x Resfmmf)/m

B (—8xY(1)—8xY¥(2)—12xV(3)+2x V(@) + 12 x ¥(5) + 8 x ¥(6) + 12 x ¥(7) 4+ 10 x ¥(8) + 14 x Restraint)
Magg, = 200 + /70

B (—BxY(1)—8xY(2) — 12X ¥(3) + 12 X ¥(4) + 2 X ¥(5) — 12 X ¥(6) — 8 X ¥(7) — 10 X ¥(8) + 14 X Restraint)
mznnz =200+ f?ﬂ

iy = 100+ YD TV +19x¥Y(3) — 14 x V(4) — 14 X ¥(5) +9x Y(6) =9 X ¥(7) +7 x Restramr}!?ﬂ

Jones, Frank E, and Schoonover, Randall M. Handbook of Mass Measurements. CRC Press, 2002.
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Results of Monte Carlo ol

= |n C.10 design, the uncertainty of the standard is correlated to
the uncertainty of the measurement.

5td uncertainty reference Standard Uncertainty A Standard Uncertainty B Standard Uncertainty C Standard Uncertainty D
5. 7735E-05 2.87744E-05 1.15098E-05 1.15098E-05 5. 75489E-06
50% 20% 20% 10%

Sum of std unc's A thru D
5.75489E-05
Sum as %

100%




What | learned @

= |mportance of metrology.
= Double check everything.

= |mpact of small errors.

= Ask questions.
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Questions?




