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ISO/IEC 17025:2017 Requirement

6.5 Metrological traceability

6.5.1 The laboratory shall establish and maintain metrological traceability of its measurement results
by means of a documented unbroken chain of calibrations, each contributing to the measurement
uncertainty, linking them to an appropriate reference.

NOTE1 In ISO/IEC Guide 99, metrological traceability is defined as the “property of a measurement result
whereby the result can be related to a reference through a documented unbroken chain of calibrations, each

contributing to the measurement uncertainty”.

NOTE 2  See Annex A for additional information on metrological traceability.



Measurement Traceability

Measurement NATIONAL
Uncertainty Data is METROLOGY
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Measurement Uncertainty’s Relation to
Measurement Hierarchy

Measurement
Uncertainty Data
is cumulative
from one level of
hierarchy to
another!

National Metrology
Institute (NMI)

Morehouse Instrument Company
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Typical Uncertainties for Force
Measurement k =1

. NIST = 0.0004 - 0.0005 %
Primary Reference Laboratory Morehouse = 0.0008 %

Accredited Calibration Supplier = 0.02

Instrument/Equipment
l

Accredited Calibration Working Standards = 0.1 %
Service Supplier \Field Measurement = 0.5 % /
Working Standards




Measurement Uncertainty

CMC is defined as Calibration and Measurement Capabillity. It
often includes the following standard uncertainty contributors:

Repeatability

Resolution

Reproducibility

Reference Standard Uncertainty
Reference Standard Stability
Environmental Factors

YVVVVYY

7.6.1 Laboratories shall identify the contributions to measurement uncertainty. When evaluating
measurement uncertainty, all contributions that are of significance, including those arising from
sampling, shall be taken into account using appropriate methods of analysis.



Measurement Uncertainty

Let us examine CMC (Calibration Measurement Capability) using a primary standard, as the
reference and how it affects the Expanded Uncertainty. Morehouse Primary Standard as the
Reference (CMC 0.0016 % for k=2 or 0.16 Ibf @ 10K)

Measurement Uncertainty Budget Worksheet

Laboratory Morehouse Primary Standards

Parameter FORCE Range 10K | Sub-Range |

Technician HZ Standards

Date Used
Variance %
Uncertainty Contributor Magnitude Type Distribution Divisor df Std. Uncert (Std. o unra/df
Contribution
Uncert"2)
Reproducibiliy 000.0000E+0 A Normal 1.000] 10, 000.00E+0 000.00E+0 0.00% 000.0E+0
Repeatability 57.7350E-3 A Normal 1.000 5 57.74E-3 3.33E-3 7.51% 2.2E-6
U-7643 LLF 65.0000E-3 A Normal 1.000 200 65.00E-3 4.23E- 9,520 8
Resolution of UUT 100.0000E-3 B Resolution 3.464 200 28.87E-3 o
Environmental Conditions 75.0000E-3 B Rectangular 1.732 200 43.30E-3 14-43 A)
Stability of Ref Standard 288.0000E-3 B Rectangular 1.732 200 166.28E-3 n r-i | n
Ref Standard Resolution 24.0000E-3 B Resolution 3.464 200 6.93E-3 CO t bUt 0
None 0.000
Morehouse CMC 160.0000E-3 B Expanded (95.45% k=2 2.000| 200 80.00E-3 6.40E-3 14.43% 204.8E-9
Combined Uncertainty (u )= 210.62E-3 44.36E-3 100.00% 6.4E-6)
Effective Degrees of Freedom 309
Coverage Factor (k) = 1.97
Expanded Uncertainty (U) K= 0.41 0.00414%




Measurement Uncertainty

Let’s examine CMC (Calibration Measurement Capability) using a secondary standard, as the
reference and how it affects the Expanded Uncertainty. Accredited Calibration Supplier with
Secondary Standards as the Reference (CMC 0.04 % for k =2 or 4 |bf)

Measurement Uncertainty Budget Worksheet

Laboratory Morehouse Primary Standards
Parameter FORCE Range 10K | Sub-Range |
Technician HZ Standards
Date Used
Variance
Uncertainty Contributor Magnitude Type Distribution Divisor df Std. Uncert (Std. % . unrg/df
Contribution
Uncert"2)
Reproducibiliy 000.0000E+0 A Normal 1.000 10 000.00E+0 000.00E+0 0.00% 000.0E+0
Repeatability 378.5939E-3 A Normal 1.000| 5 378.59E-3 143.33E-3 3.43% 4.1E-3
U-7643 LLF 65.0000E-3 A Normal 1.000 200 65.00E-3 0.10% 89.3E-9
Resolution of UUT 100.0000E-3 B Resolution 3.464 200| 28.87E-3
Environmental Conditions 75.0000E-3 B Rectangular 1732 200 43.30E-3 95.74 %
Stability of Ref Standard 288.0000E-3 B Rectangular 1.732 200 166.28E-3 . .
Ref Standard Resolution 24.0000E-3 B Resolution 3.464 200 6.93-3 Contribution
None 0.000|
Accredited Cal Supplier CMC 4.0000E+0 B Expanded (95.45% k=2)| 2.000 200 2.00E+0 4.00E+0 95.74% 80.0E-3
Combined Uncertainty (u.)= 2.04E+0 4.18E+0 100.00%) 84.1E-3
Effective Degrees of Freedom 207,
Coverage Factor (k) = 1.97
Expanded Uncertainty (U) K = 4.03 0.04030%




Measurement Uncertainty

Let’s examine CMC (Calibration Measurement Capability) and what the Reference CMC does
to the calibration results. _Maorehouse Versus Accredited Cal Subnplier

Expanded Uncertainty when calibrated with
Primary Standards is approximately 10 times
lower than using secondary standards

Expanded Uncertainty @be Expanded Uncertainty @ 10K = 4.03 Ibf
Morehouse CMC = 0.16 |bf Accredited Cal Supplier CMC = 4.00 Ibf
Repeatability = 0.057 Ibf Repeatability = 0.379 Ibf

INDIVIDUAL CONTRIBUTORS INDIVIDUAL CONTRIBUTORS

ACCREDITED CAL SUPPLIER

cMC Ui

MOREHOQOUSE CMC @i

REF STANDARD RESOLUTION # REF STANDARD RESOLUTION |

s T mmmm——— S oaen

ENVIRONMENTAL ENVIRONMENTAL
7 %
CONDITIONS s CONDITIONS f

RESOLUTION OF UUT 2 RESOLUTION OF UUT ¢§

U-7643 LLF i U-7643 LLF g

REPEATABILITY s REPEATABILITY 2222

REPRODUCIBILIY REPRODUCIBILIY

000.00E+0 50.00E-3 100.00E-3 150.00E-3 200.00E-3 000.00E+0 1.00E+0 2.00E+0 3.00E+0



Why is Measurement Uncertainty Important?

ISO/IEC 17025: 2017 Section 7.8.6.1

7.8.6.1 When a statement of conformity to a specification or standard is
provided, the laboratory shall document the decision rule employed, taking into
account the level of risk (such as false accept and false reject and statistical
assumptions) associated with the decision rule employed, and apply the
decision rule.

If you want to say something is “in-tolerance” or passes calibration, with risk
less than 50 % you need to figure out how measurement uncertainty is
accounted for.

ISO/IEC 17025: 2005 Section 5.10.4.2 When statements of compliance are
made, the uncertainty of measurement shall be taken into account.



IMeasurement Decision Risk

009 Measurement Risk Graph
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ISO/IEC 17025: 2017 Section 3.7 defines a decision rule as a rule that
describes how measurement uncertainty is accounted for when stating
conformity with a specified requirement
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Statement of Conformity

When performing a measurement and subsequently making a statement of conformity, for
example, in or out-of-tolerance to manufacturer’s specifications or Pass/Fail to a particular
requirement, there are two possible outcomes:

a. The result is reported as conforming with the specification

b. The result is reported as not conforming with the specification

B | L . :
i “What % risk is this?”
A —e— ;
I I |
| | |

Lower Limit Nominal Upper Limit

[Hlustration of Measurement Decision Risk



Classic 50 % risk scenario with “Simple Acceptance”
N means No Guard band

W = 0 whic

0.35

03

50 % of our distribution is over the
Upper Specification Limit

M

Nominal Value 10000.0
Lower specification Limit 9990.0
Upper Specification Limit 10010.0

Measured Value 10010.0
Measurement Error 10.0
Std. Uncert. (k=1) 1.250___,
Total Risk /7~ 50.00%
Upper Limit Risk k 50.000%
Lower Limit Risk 0.000%
TUR = 4
Cpk= 0
TAR= 4

Simple Guard Band (Subtract Uncertainty)

Guard Band LSL 9992.500
Guard Band USL 10007.5000
Percent of Spec 75.00%
Guard Band Limits for Risk of 2.500%
Guard Band LSL 9992.450
Guard Band USL 10007.550
Percent of Spec 75.50%

In addition, our Calibration Process Uncertainty is 4 times greater than what we are calibrating
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TUR (Test Uncertainty Ratio) is a common term used
INn many decision rules.

Test Uncertainty Ratio: The ratio of the span of the tolerance of a measurement
quantity subject to calibration, to twice the 95% expanded uncertainty of the
measurement process used for calibration.

» NOTE: This applies to two-sided tolerances.



TUR (Test Uncertainty Ratio)

Span of the + Tolerance

2 /CMC\* Resolution 2 Repeatabili 2
ZXk‘?E% (J( ) + ( UUT) + ( P 1 t}rl,'_l'[]T) + "'(uﬂﬂter’)z)

TUR =

keme Viz
Example of a TUR Formula (Adapted from the ANSI/NCSL Z540.3 Handbook)

UUT Tolerance = (USL-LSL)/2

CMC = Reference labs Calibration and Measurement
Capability

k = coverage factor

Res = Resolution of U.U.T.

Rep = Repeatability of U.U.T.



Instrument Measurement
Uncertainty Guard Banding

There are, important assumptions associated with

using TUR as a metric and the requirement of a TUR of

4:1 or better. Using a TUR assumes that all
measurement biases have been removed from the

measurement process and the measurements involved

follow a normal distribution. If there are significant

biases that cannot be removed, the TUR will not
account for the increased risk

—

10

12



Instrument Measurement
Uncertainty Guard Banding

Nominal Value 10000.0
Lower specification Limit 9990.0 5
Upper Specification Limit 10010.0 "
Measured Value 10009.0 s ‘
Measurement Error 9.0 7 '
Std. Uncert. (k=1) 0.085 |
Total Risk 0.00% i |
Lower Limit Risk 0.000%! |
25
TUR= 58.78943644 :
Cpk= 5.999032319 2 T
TAR= 62.5 |
15 ]
Simple Guard Band (Subtract Uncertainty) 1 |
Guard Band LSL 9990.170 |
Guard Band USL 10009.8299 05 |
Percent of Spec 98.30% :
0 T T v
Guard Band Limits for Risk of 2.500% 9985 9990 9985 10000 10005 10010 10015
( Guard Band LSL 9990.167
Guard Band USL 10009.833
nv LSL Nominal Value usL s || et Dist — - GB LSL — = GB USL

“\_Percent of Spec 98.33%

In this example we are making a conformity assessment of “Pass” if the measured value is between 9 990.167
and 10 009.833. We set our allowable PFA to 2.5 % or 5 % total risk.



Instrument Measurement
Uncertainty Guard Banding

Type | - Type Il Error

Calibration
Conforming Mon-Conforming
(GOOD) (BAD)
(1-w) Calibration | Consumer’s Risk
. Lab’s Confidence | P or Type Il Error
ﬁzgfg';;%g (Probability of (Probability of
orrect Ac - a C -
C t Accept False Accept
. PCA) PFA)
Decision
Made
N Producer’s Risk | (1 P)End Users
on- Confidence
Conforming| 21 T!pr,;;;’;?r (Probability of
(REJECT) — Correct Reject -
False Reject - PFR) PCR)

Chapter 30 of The Metrology Handbook 3" edition covers Decision Rules in greater detail




Accuracy and Precision

This is what we see

High Precision (Small Random High Precision haooening a lot and the
Error) Low Accuracy (High Bias) PP g )
High Accuracy (Low Bias) reason for this

discussion.

A precise instrument
with a known Systematic
Error

Low Precision (Large
Random Error)
High Accuracy (Low Bias)

Low Precision
Low Accuracy (High Bias)



Instrument Measurement
Uncertainty Guard Banding

Nominal Value of 10

Nominal Value of 10
Measured Value of 11.75, Bias

Measured Value of 10, No Bias

Bias

Nominal Valud

Nominal Value
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Nominal Value 10000.0
Lower specification Limit 9990.0
Upper Specification Limit 10010.0

Measured Value 10009.0

Measurement Error 9.0

Std. Uncert. (k=1) 0.085
Total Risk 0.00%

TUR = 58.78943644

Cpk= 5.999032319

TAR= 62.5

Simple Guard Band (Subtract Uncertainty)
Guard Band LSL 9990.170
Guard Band USL 10009.8299
Percent of Spec 98.30%
Guard Band Limits for Risk of 2.500%

Guard Band LSL 9990.167
Guard Band USL 10009.833
Percent of Spec 98.33%

Instrument Measurement

+ 9 |bf Bias
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25 l :
| + 9 |bf ‘
2
|
| |
15
| I
1 | |
| |
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0 1 - : !
0985 9990 9995 10000 10005 10010 10015
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Graph Showing 10 009.0 as the measured value with a 58.789:1 TUR, which is achieved by using a lab with low

uncertainties (Morehouse actual example) There is a bias of + 9 1bf in this example.




Instrument Measurement

+ 9 Bias
Force Applied Measurement Value Offset, Bias ,Systemic
Measurement Error
10 000.00 10 009.00 +9
10 000.00 10 009.00 +9

When we make repeated measurements or have enough history
on the device to know that replicate measurements will produce
the same result, we have a known systematic error.



Systemic Measurement Error

“Systematic error” is an error that, when fully quantified, is predictable.

Systematic error can be a bias or offset in the measurement, or an error based
on an independent parameter, such as a known temperature dependency. If the
systematic error is known, a correction should be applied to the
measurement result.

Again, since the true value can never be known, use of the term “systematic error”
Is discouraged unless referring to a quantitative, known offset that can be
corrected.

- Section 2.2.2.2 Introduction to Statistics in Metrology



When We Correct For a Known Bias
Estimated Total Uncertainty
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Comparing two TUR values

Low-Risk Scenario
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Graph Showing 10 009.0 as the measured value comparing two different TUR values



Force Applied Measurement Value Offset, Bias ,Systemic
Measurement Error
10 000.00 10 009.00 +9

10 000.00 10 009.00 +9

When you know the value to generate 10 000.0 N is 10 0009.0 N.

The right thing for the end-user to do is to load the device to 10 009.0
N to apply 10 000.0 N of force.



What happens when we do not correct the bias?

Let us assume they do not do that and use this device to calibrate another 10,000 N

instrument.

Nominal Value 10000.0

Lower specification Limit 9990.0

Upper Specification Limit 10010.0
Measured Value 9987.0
Measurement Error -13.0
Std. Uncert. (k=1) 2.589
Total Risk 87.67%
Upper Limit Risk 0.000%
Lower Limit Risk 87.672%
TUR = 1.931223436
Cpk= -0.59120171
TAR= 3.99840064

Simple Guard Band (Subtract Uncertainty)

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

Ny

9970

9975

9980

9985

9990

9995

10000

10005

10010

10015

Guard Band LSL 9995.178
Guard Band USL 10004.8219
Percent of Spec 48.22%
Guard Band Limits for Risk of 2.500%
Guard Band LSL 9995.074
Guard Band USL 10004.926
Percent of Spec 49.26%
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What happens when we correct the bias?

The right thing for the end-user to do is to load the device to 10 009.0 N to apply 10 000.0 N of force.
When this practice is followed, the DUT is now in specification.

Nominal Value 10000.0
Lower specification Limit 9990.0
Upper Specification Limit 10010.0

Measured Value 9996.0
Measurement Error -4.0
Std. Uncert. (k=1) 2.589
Total Risk 1.02%
Upper Limit Risk 0.000%
Lower Limit Risk 1.024%
TUR = 1.931223436
Cpk= 1.182403422
TAR= 3.99840064

Simple Guard Band (Subtract Uncertainty)
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Guard Band USL 10004.8219
Percent of Spec 48.22%
Guard Band Limits for Risk of 2.500%
Guard Band LSL 9995.074
Guard Band USL 10004.926
Percent of Spec 49.26%
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Global Risk and Bias

Global risk and bias

Global consumer's risk is defined in JCGM 106:2012[4]. The role of CPU in conformity assessment is defined as "the
probability that a non-conforming item will be accepted based on a future measurement result."

Measurement Traceability

Measurement NATIONAL
Uncertainty Data is METROLOGY

. INSTITUTES (NIST)
cumulative from one (0.01)
level of hierarchy to

another! PRIMARY CALIBRATION
LABORATORIES (0.17)

REFERENCE METROLOGY LABORATORIES
(2.50)

WORKING METROLOGY LABORATORIES (3.33)

GENERAL CALIBRATION (5.00)

PROCESS MEASUREMENT (10.00)



What happens when we do not correct the bias?

Measurement BIAS BIAS CORRECTED
Uncertainty kK = 2| Measured Value With Bias | Measured Value Bias Removed
Primary 0.17 9991.0 10000.0
Reference (TUR 4:1) 2.5 9989.0 10000.0
Working (TUR 3:1) 3.3 9987.0 10000.7
General (TUR 2:1) 5 9989.0 10000.5
Process (TUR 1:1) 10 9980.0 10000.6




Not correcting for Bias

Bias Corrected Bias Not Corrected

10005.0
10000.0 100000 10000.0 10000.7 10000.5 10000.6
9995.0
9990.0 9994=6
9985.0
9980.0
9975.0
9970.0
9965.0

9985-6 858480
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Primary Reference (TUR 4:1) Working (TUR 3:1) General (TUR 2:1) Process (TUR 1:1)

The Figure above shows what happens when the reference laboratory does not correct for bias and applies
9,991.0 Ibf and not 10,000 Ibf.

In this scenario, instruments may have failed when they would have passed calibration.




Not correcting for Bias Simulation 2

Bias Corrected Bias Not Corrected
10005.0
10002.2
10000.0 10000:0 10000:0 100004
9995.0 8955.Q
9990.0

9985.0

9980.0

Measured Value

9975.0
9970.0
9965.0

9960.0
Primary Reference (TUR 4:1) Working (TUR 3:1) General (TUR 2:1) Process (TUR 1:1)

The Figure above shows what happens when the reference laboratory does not correct for bias and applies
9,991.0 Ibf and not 10,000 Ibf.

In this scenario, instruments may have failed when they would have passed calibration.




Not correcting for Bias Simulation 3

Bias Corrected Bias Not Corrected

10005.0

130001.5

10000.0 10000:0 10000.0 10000-4

9995.0

9990.0

9985.0

9980.0

Measured Value

9975.0
9970.0
9965.0

9960.0
Primary Reference (TUR 4:1) Working (TUR 3:1) General (TUR 2:1) Process (TUR 1:1)

The Figure above shows what happens when the reference laboratory does not correct for bias and applies
9,991.0 Ibf and not 10,000 Ibf.

In this scenario, instruments may have failed when they would have passed calibration.




Not correcting for Bias

Measurement Bias Not Corrected

Type TUR Bias Total Risk Type TUR Bias Total Risk

Reference 4:1 -9 78.81% Working 3:1 -13 96.41%
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Correcting for Bias

Measurement Bias Corrected

Type TUR Bias Total Risk Type TUR Bias Total Risk
Reference 4:1 0 0.00% Working 3:1 0.7 0.00%
035 03
|
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w ™ fres— ™ E—r— ——oost sous w — fr— st JEE—— " snus
Type TUR Bias Total Risk Type TUR Bias Total Risk
General 2:1 0.5 0.00% Process 1:1 0.6 4.76%
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Correcting for Bias

Table for 95 % Confidence Interval 5 % Total Risk

Std Unc Std Unc % TUR Persc;;‘; of In ESa'i't‘:i””g f‘SBL SSBL
0.085 048 0.001% 58.79 98.33% 9.833 9990.167 | 10009.833
1.250 000 0.013% 400 75.50% 7550 9992.450 | 10007.550
1.501 502 0.015% 3.33 70.57% 7.057 9992.943 | 10007.057
2.500 000 0.025% 2.00 51.00% 0100 9994.900 WOOQS.TOQ
5.000 000 0.050% 1.00 &2.00% 0.200 9999.800 | 10000.200

\ —

Guard Banded Acceptance Limiting Risk to Total Risk 5 % Using Specific Risk
Suchas U95 =1 - (1/TUR)
Note: Most other Decision Rules that use TUR, use Global Risk models which control




Bias Comparison

Measurement BIAS BIAS CORRECTED
Uncertainty Measured Value With Bias |Measured Value Bias Removed
Primary 0.17 9991.0 9999.9
Reference (TUR 4:1) 2.5 9991.3 9999.9
Working (TUR 3:1) 3.33 9989.6 10000.6
General (TUR 2:1) 5 9987.1 9995.3
Process (TUR 1:1) 10 9979.9 10001.0

When the instrument is good, it might have been adjusted to the wrong number if the bias was not
corrected. If we continue to generate data randomly, we might end up with the table and graphs below.

This should matter to you because when there is a bias that is ignored, meaning not corrected or not
included in a lab's calibration and measurement capability uncertainty parameter, measurement

traceability is not achieved, and all subsequent measurements are not traceable.

__//—\



The Effect of UUT Resolution on Bias, Risk &
Uncertainty

Here we set the resolution to 0.01. What might happen if the resolution were set to 1?
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The Effect of UUT Resolution on Risk & Uncertainty

Resolution and the Effect on Total Risk Using a 1 000 kgf Morehouse Load Cell and Varying the Indicator Resolution

Effect of Resolution on Total Risk

0.4 0.6 0.8
Resolution of UUT

The risk starts to increase quite dramatically as the resolution increases so, does the overall
uncertainty



The Effect of UUT Resolution on Risk & Uncertainty

TUR cannot be the ratio of the Manufacturer's accuracy tolerance to the reference standard uncertainty,
per ANSI/NCSL Z540.3 and ILAC-G8:09/2019

TUR With and Without Resolution

7
6
5
4
3
p
1
0

0.05
RESOLUTION

Resolution = =TUR (With Resolution) e====TUR (Without Resolution)

When the resolution is considered, the TUR starts at 6.25:1 with a UUT resolution of 0.001 kgf and then
declines to 0.17:1 with a UUT resolution of 1.0 kgf. When the resolution is not accounted for, the TUR
ratio stays at 6.25:1 regardless of the resolution. If a calibration laboratory uses the Test Value
Uncertainty, then the UUT's resolution could be ignored in the conformity assessment.



Resolution and Measurement Uncertainty




Selecting the Appropriate

Decision Rules
GB Method Comparison

100.00% —M1
—M6
80.00% —RDS
éé ——Fluke RSS
< 60.00% —RP-10
§ ——M5
§ 40.00% —M4
Const Cpk
20.00% —G8
—Simple Risk
0.00% ——TUR Deaver
1 1.5 2 2.5 3 3.5 4 UKAS

TUR



Measurement Confidence

Measurement
Uncertainty

Measurement
Confidence

Measurement
Decision Rules

Metrological
Traceability

Once known biases are
corrected and we have these
three pillars of measurement
covered, we need to prove our
capability



PT Services

Interlaboratory
Comparison
and Proficiency
Testing

Satisfy the ISO/IEC 17025:2017 Force ILC requirement
for force proficiency tests & interlaboratory
comparison (Force ILC), validate your CMC claims
and uncover ways to improve your measurement
process with the Morehouse ILC force rental kit.

https://mhforce.com/calibration/force-ilc-and-pt/



https://mhforce.com/calibration/force-ilc-and-pt/

Measurement Assurance

1K Load Cell | M-4930 M-4644 M-4930 M-4644 | M-4930 | M-4644 | M-7930 | M-4644
1| -1.07826 -1.07832 -1.07827| -1.07833| -1.07826| -1.07828| -1.07826| -1.07822
2| -1.07828 -1.07827 -1.07827] -1.07832| -1.07824] -1.0783| -1.07824| -1.07821
3| -1.07822 -1.07827 -1.07827| -1.07832| -1.07826| -1.07828| -1.07826| -1.07822
4| -1.07823 -1.07827 -1.07826] -1.07831| -1.07828| -1.07832] -1.07826] -1.07823
5| -1.07828 -1.07826 -1.07823]  -1.0783| -1.07828] -1.07833| -1.07826] -1.07822
6| -1.07826 -1.07826 -1.07824] -1.07829| -1.07827| -1.07832 -1.07827| -1.07823
7| -1.07833 -1.07826 -1.07825| -1.07829| -1.07826| -1.07828| -1.07827| -1.07823
8| -1.07824 -1.07824 -1.07823] -1.07828| -1.07828] -1.0783| -1.07826 -1.07822
o -1.07822 -1.07825 -1.07825| -1.07828] -1.0783| -1.07828| -1.07827 -1.07821
10| -1.07830 -1.07825 -1.07824| -1.07827| -1.0783| -1.07832] -1.07825| -1.07821
11 -1.07822 -1.07825 -1.07824| -1.07826| -1.07829] -1.07833| -1.07827 -1.07823
12| -1.07822 -1.07824 -1.07829] -1.07826| -1.07828| -1.07834| -1.07825| -1.07821
13| -1.07828 -1.07824 -1.07828] -1.07826] -1.07831] -1.07832] -1.07827 -1.07823
14| -1.07825 -1.07823 -1.07826] -1.07825| -1.07828| -1.07834| -1.07825 -1.07822
15| -1.07829 -1.07823 -1.07827| -1.07825| -1.07829| -1.07833| -1.07826| -1.07822
Ending Zero  -0.00008 -0.00008 -0.00006|  -0.00006 -0.00006| -0.00004 0 -0.000014
Range 0.00011[ 9E-05[ 6E-05 8e-05]  7e-05[  6E-05[  3E-05[  2E-05
Std. Dev. 3.4198E-05| 2.2297E-05 1.83874E-05] 2.669E-05| 1.85E-05| 2.26E-05| 9.26E-06] 7.99E-06
Average -1.07825867| -1.078256/ -1.078256667| -1.0782847/ -1.078279| -1.078311[ -1.07826[ -1.078221
X-Double Bar | -1.07826583| -1.0782587| -1.078258667| -1.0782587| -1.078259] -1.078259] -1.078259/ -1.078259
ucL -1.07820362| -1.0782036| -1.078203623| -1.0782036/ -1.078204] -1.078204| -1.078204] -1.078204
LCL -1.07832804| -1.078328|-1.078328043| -1.078328| -1.078328| -1.078328 -1.078328 -1.078328
Z-Score 0.047201816 0.621147887 0.794795305 2.280684097
Note: Anything beyond spe:
EN Ratio 0.042865463 0.450087363 0.525101923 0.632265581




SPC DATA GRAPHS
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Conclusion
- Using the manufacturer's accuracy specification and not correcting for
bias can further increase Measurement Risk

- Not correcting for bias seems to be a problem many in the calibration

deal with, and their unsuspecting customers are likely getting
calibrations that carry too much overall Measurement Risk.

- The risk of not correcting for this offset (Bias) should concern anyone
making measurements.




-‘ THE FORCE IN CALIBRATION SINCE 1925

Conclusion

- The habit of insisting on a 4:1 TUR might not be the best decision rule depending
on the location of the measurement and “assumptions” that are made.

- JCGM 106 references that when a measuring system is used in conformity
assessment, the measuring system has been corrected for all recognized significant
systematic errors (Bias)

- When bias is not corrected, the risk of making a measurement that does not
properly account for bias can result in an underestimation of measurement
uncertainty and therefore disagrees with the metrologically traceability definition
and undermines measurement confidence




AN

Solution for Force Measurements

Morehouse has many options with our force calibrations systems that use coefficients generated at
the time of calibration. Our 4215 plus and C705P use coefficients that are programmed into the
indicator to help correct and minimize measurement bias.




Want More Information?

#1 CMC Calculation Made Easy Tool for
Force Uncertainty

Measurement | Metrological X an
Uncertainty m‘a“ty "™ A< you having problems figuring out all of the requirements to
calculate a CMC for force uncertainty of torque uncertainty? This excel
sheet provides a template to calculate CMCs (force uncertainty) with

Measurement explanations of everything required to pass an ISO/IEC 17025 audit.

Confidence

r 4 -

;Jﬁ:-

Measurement i1}
Decision Risk A

Morehouse Free Force Uncertainty Spreadsheet to Calculate Calibration
and Measurement Capability Uncertainty

Morehouse Free Downloads

[m] 3 [u]
.= Download this presentation
- https://mhforce.com/asq/

Morehouse Instrument Company
We create a safer world by helping companies improve their force and torque measurements.

@B << & 20 other connections work here i
(v Foliowing ) (TR ( Mo E

Home  MyCompany About Posts Jobs People  Videos

Follow Morehouse on LinkedIn Contact us at info@mhforce.com



https://www.youtube.com/c/mhforcecalibration
https://mhforce.com/documentation-tools/
https://www.linkedin.com/company/morehouse-instrument-co/
mailto:info@mhforce.com
https://mhforce.com/asq/
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