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Course Abstract

A This course will cover applied force calibration technicaed will
Include demonstrations replicating measurement errors being made in
everyday force measurement.

A This course will cover the importance of calibrating force measurement
devices in the way they are being used to reduce measurement errors
and lower uncertainty. The student will learn about measurement
uncertainty and will be able to quantify key uncertainty components
and start to develop an uncertainty budget.
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Course Agenda

Company Historyg Introductions (15 minutes)

Learning Objectives

Force Calibration

Accuracy Precision Resolution and Uncertainty

Common Types of Force Measuring Instrumentation
Troubleshooting a load cell

Calibration Traceability and Force Standards Calibration
ASTM E74

Potential Force Measurement Errors with demonstrations
Uncertainty Analysis



Morehouse

Company History

A ™ dH aMbihouse and the U.S. Bureau of Standards started to design
and refine force calibration products (Proving Rings) for the purpose of
generating an accurate force for Brinell Hardness Testing.

Pictured above: Morehouse Brinell Proving Ring S/N 14 Calibrated by U.S. Bureau
of Standards test # 47197 May 24, 1926



Informal Rdguépt
471 May 21, 19

5. D53 ~‘?%Dwmwrm OF COMMERCE
— @ertificate of Calibration
Burvan of Standards

United States National Bureau of Standards

@ertificate

A Morehouse Proving Ring S/N 14 Calibrated in 1926 and the last calibration
we have on record is July 25, 1984. Ring was in service for over 58 years.



Morehouse

Company History

A M i o qThéMorehouse Proving Ring was refined and used to calibrate
Material Testing Machines.

A ™M d p aMb&house developed products for commercial industry,
Including Force Gauges, Morehouse Universal Calibrating Machines and
Morehouse Dead Weight Primary Standards for calibration of load cells,
proving rings, etc.



Morehouse
Company History

A 2004c¢ Morehouse becomes the first accredited commercial calibration
laboratory to offer dead weight primary standards calibrations accurate
to 0.002 % of applied force up to 120,000 LBF.

A 2009¢ Morehouse expands force calibration range offering ASTM E74
calibrations up to 2,250,000 LBF in compression and 1,200,000 LBF in

tension.

A 2020¢ Morehouse turned 100






Morehouse
Company History

A 2010- Morehouse finishes construction of new torque calibration
laboratory. This calibration laboratory features a primary torque calibration
standard accurate to 0.002 % of applied torque. This standard was
acquired from the National Physical Laboratory in England, which is a
National Metrology Institute.

A 2011 Morehouse becomes ISO/IEC Guide 17025 Accredited for Torque
Calibration by A2LA.

10



Meretrowse

1950's

Proving Rings
.

Morehouse

Company History

Merehoeese Instrument Company I‘ﬁ 2006F _;..

i

Vie®hcese
10.089 LBt
fiod Weigs JiSct

Meretreeese Products 1926 -2010
www.mhforce.com
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Calibration Lab Pictures

I calibration laboratory
in America with torque
calibration accuracies of 0.002%
of applied torque from
1N-m to 2kN-m
The primary torque standard now in our
laboratory was developed by the
British National Physical Laboratory where it
was registered with the BIPM as the national
standard for the UK. This primary torque
standard meets the criteria set forth in
ASTM standard E2428

i

o Dimcnsional Nl
ANt it 1
i CN N

AT
AN

- CallBraton Mansg
ISO/IEC 17025

AUGUST
SEPTEMDER
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Introductions
Name

Company

Expectations &
Questions
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Common Questions

A What are the common error sources?

A How do | calculate Measurement Uncertainty?

A How do | lower my Measurement Uncertainty?

Al2g¢g R2 L 1y29e AFT Y& RSOAOSa
A What are traceable measurements?

A Proving Ring versus Load Cell, what is better?

A What adapters do | need to calibrate load cells?

A How do | keep my technicians from squashing load cells?

A No specific question, just here to learn as much as possible!



Expectations

We want your attention.
- breaks will be given as appropriate.

- If you need to check your cell phone, please be
courteous and limit cell phone usage to breaks.

We want you to get the most out of this class for
yourself.

- Participation and guestions are encouraged.

15



Learning Objectives
By the end of this course, you should be able to

A Identify various types of calibration equipment and perform some basic
troubleshooting methods.

A Identify potential force measurement errors.

A Reduce and/or quantify the uncertainty associated with these errors in
your uncertainty analysis for force measurement at your calibration
facility.

A Implement proper force calibration techniques as discussed and
demonstrated in the class.

A Using material provided in the training class, put together an expanded
uncertainty budget for force equipment used as secondary standards.



Course Agenda

This course is tailored to meet the needs of the majority in this class. The followin
are the topics we are prepared to discuss:

Force Calibration
Measurement Risk

The Importance of Torque Control and how Torque can affect Force
Measurements

Common Types of Force Measuring Instrumentation
Troubleshooting a load cell

Calibration Traceability and Force Standards Calibration
ASTM E74

Potential Force Measurement Errors with demonstrations
Uncertainty Analysis
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Measurement Risk Overview



Uncertainty Budgets

Measurement Uncertainty Budget Worksheet
Laboratory Morehouse Training Class
Parameter Training | Range | I Sub-Range[
Technician Force Tourginso Standards Used Load Cells, Torque Cells, and right or wrong adapters
Date 7
%
Uncertainty Contributor Magnitude Type Distribution Divisor df Std. Uncert | Variance | Contributio u’rdf
n
Reproducibility 2.6237E- A Normal (68.26%, k=1) 1.000 1 2.62E- 6.88E- 0.00% 47.4E-1.
Repeatability 3.7593E- A Normal (68.26%, k=1) 1.000 4 3.76E- 14.13E- 0.00% 49.9E-1.
Repeatability Per x Force Point 499.5005E-B A Normal (68.26%, k=1) 1.000 3 499.50E- 249.50E- 33.98% 20.8E-
ASTM LLF or Ref Standard Unc 500.0000E-B A Expanded (98.36% k=2.4)  2.400 32 208.33E- 43.40E- 5.91% 58.9E-
Reference Standard Stability 1.0000E+ B Rectangular (sqrt 3) 1.732 200 577.35E-: 333.33E-: 45.40% 555.6E-
Reference Standard Resolution 250.0000E-B Expanded (98.36% k=2.4)  2.400 200| 104.17E- 10.85E- 1.48% 588.7E-
Environmental Conditions 150.0000E-B B Rectangular (sqrt 3) 1.732 200 86.60E- 7.50E- 1.02% 281.3E-
Resolution of UUT 999.0010E-8 B Resolution (sqrt 12) 3.464 200 288.39E-: 83.17E-! 11.33% 34.6E-
Morehouse Ref Lab CMC 160.0000E-B AB Expanded (95.45% k=2 2.000 200 80.00E- 6.40E- 0.87% 204.8E-
Measurement Errors that can be corrected using the proper adapters, machines, and techniques
Not Using the Right Size Plate (scale) 130.6000E+D B Remove from Budget 0.000 200
Bolting a load cell 10.0000E+D B Remove from Budget 0.000 200
Traction Dynamometer (not using roller bearings; 800.0000E+D B Remove from Budget 0.000 200
Tension Links Pin Size 172.0000E+D B Remove from Budget 0.000 200
Cable Wire 4 versus 6 Wire 10.6000E+D B Remove from Budget 0.000 200
Non Flat Base 2.3000E+D B Remove from Budget 0.000 200|
S-Beam Misalignment 75.2000E+D B Remove from Budget 0.000 200|
Button Load Cell Misalignment Without Adapter 104.5000E+D B Remove from Budget 0.000 200
Button Load Cell Misalignment With Adapter 19.9000E+D B Remove from Budget 0.000 200
Using Load Cell in Decreasing Mode W/O Cal 4.2000E+ B Remove from Budget 0.000 200
Not Excercising a Load Cell 890.0000E-B B Remove from Budget 0.000 200|
Using Mass Weights Instead of Force Weights 10.0000E+D B Remove from Budget 0.000 200
Morehouse Shear Web Misalignment 220.0000E-B B Remove from Budget 0.000 200|
Overshooting a Test Point 380.0000E-8 B Remove from Budget 0.000 200
Different Hardness of Top Adapter 30.7000E+D B Remove from Budget 0.000 200
Not Using an Integral Adapter 3.4000E+ B Remove from Budget 0.000 200
Loading Through Bottom Threads in Compressign 1.2000E+ B Remove from Budget 0.000 200
10 V versus 5 V DC Excitation 1.0000E+ B Remove from Budget 0.000 200
Different Time Loading Profiles (6sec versus 30) 600.0000E-B B Remove from Budget 0.000 200
Combined Uncertainty (1) = 856.84E- 734.18E- 100.00% 21.4E-
INDIVIDUAL CONTRIBUTORS Effective Degrees of Freedom 25
DIFFERENT TIME LOADIX|G Coverage Factor (k) = 2.06|
LOADING THROUGH BOTTOM Expanded Uncertainty (U) = 1.76E+




Why Risk Matters
LakePeigneur

On November 20, 1980, aml rig contracted byTexacaaccidentally
drilled into theDiamond Crystal Salt Company salt numeer the oY=y ———
lake. Because of an incorrect or misinterpretambrdinate reference
system(the rig with the coordinate system set up backwards) and
the 14inch (36cm) drill bit entered the mine, starting a chain of
events that turned the lake from freshwater to sater, with a
deep holeVideo onyoutube

t Lake Péigneur Empty | |
ini D‘fllllng Disaster |’|"980

Production shaft

Salt mine

{(ﬁmﬂ&w }’7%\ / Salt mine

Mine collapse?

Diagram showing Lake Peignenr over salt mine
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https://www.youtube.com/watch?v=ddlrGkeOzsI

Measurement Risk




Measurement Risk

You can see the crash in this video for yourself but let us tell you about the findings of
the subsequent investigation. There wdwo intertwined causes of the crastHeavy

rains before takeoff caused fuel to get into data sensors which were responsible for
calculating speed and altitude among other things.
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Presentation Abstract

This mixture of water and fuel caused condensation
to build up on the sensors which were near the
planes surface. When maintenance crew were
calibrating them before the flight, they were
unaware of this build upausing them to calibrate
them wrong.

L 0 Q& -Biliioh-@ollar migtake
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Applied Reading Error
5,000 5,000 0
10,000 10,000 0

Would anyone use a

ruler to calibrate
their gauge blocks?

1I:IIEII}D - UFPER
Lower specification Limit | 9990 -
Upper Specification Limit| 10010 * | oo 4 ;
Measured YValue 10000 | J
Std. Uncart. (k=1) 65 oS 4 ' 1
i Total Risk 12.39% o4 | !
noi 4 | |
RS (076923 .o . Measurement | | Measurement
= : Risk Area / \ Risk Area
| ;
Bl =2 5] 2Ha0 O 10010 1001 100
WY LEL Romirnal Vs UGL s riest. DI |
Note: If Measurement Uncertainty is not being reported properly by your service provider,
1y206 -AFt SRISY BSDAIOBRA&E2deAN2 Y20 KI @S |

there isb h

gl e

02

Question

| have a 10,000 Ibf device with an accuracy of 0.1 % of full sd8ldbf.
My calibration certificate says the unit reads 10, (IlﬂONhen 10 OObe was applied.

Hnmlnal '\-"alue
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https://1.bp.blogspot.com/-WJIVyTMwTAY/WBopFdW6N4I/AAAAAAAADK0/xv58VNdLBFs5qAG0RyXbYHB_uufRyh37QCLcB/s1600/intercomp+scale+6.png

Measurement Risk

What does this really mean?

All measurements have a percentage of likelihood of calling
something good when it is bad, and something bad when it is
good. You mi ght be familiar with
producerCosn sruimek.60s ri sk refers
problem occurring in a consumer-oriented product; occasionally,

a product not meeting quality standards passes undetected o -
through a manufactureros qual i inpetelagythisigcplledine probahility gf frlge agcapf e
consumer market. (PFA). If the Uncertainty of the Measurement is not less

than the tolerance required, there will be a significant risk

An example of this would be the batteries in the Samsung Note 7 Of false accepg. In simplistic terms, a TUR that produces
phone. The batteries can potentially overheat, causing the less than + 2 % upper and lower risk would be required to

amsung Note 7 battery catching fire
is an example oi Consumer: Risk

phone to catch on fire. In this case, the faulty battery/charging ensure the measurement is valid.
system of the phone device was approved through the quality
control process of the manufacturer, which was basically

accept #&yoa@vnal one of these phones, there was a risk
of injury to you.
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Measurement Decision Risk

ANSI/NCSLI Z540.3-2006

defines 3.5 Measurement decision
risk as probability that an incorrect
decision will result from a
measurement.

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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https://1.bp.blogspot.com/-9yp1qNrKSyM/WIKEasKUvFI/AAAAAAAAD5M/KbRHslzajyMp5kGSmxdqLIrhSOArzOSLACLcB/s1600/measurement+risk+graph.jpg

Risk Management Decision
Rules ISO 17025:2017

A 7.8.6.1 When a statement of conformity to a specification or
standard for test or calibration is providetie laboratoryshall
document the decision rule employethking 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

A 7.8.6.2 The laboratory shall report on the statement of conformity
such that the statement clearly identifies) to which results the
statement applies; andb) which specifications, standard or parts
thereof are met or not met¢c)the decision rule appliedqunless it
IS Inherent in the requested specification or standard)



Measurement Related Terms

Test Uncertainty RatioT he ratio of the
span of the tolerance of a measurement
guantity subject to calibration, to twice the
95% expanded uncertainty of the
measurement process used for calibration.

I NOTE: This applies to tvaoded tolerances.

U.U.T. Tolerance
Calibration Proces$&ncertainy

T.U.R.=




TUR VIDEO




TUR Defined ANSI/NCSL Z540.3
Handbook

Span of the + UUT Tolerance

2 x kgzo, (Calibration Process Uncertainty)
TUR Formula found in ANSI/NCSLI Z540.3 Handbook

TUR =

"For the numerator, the tolerance used for Unit Under Test (UUT) in the
calibration procedure should be used in the calculation of the TUR. This tolerance
IS to reflect the organization's performance requirements for the Measurement &
Test Equipment (M&TE), which are, in turn, derived from the intended application
of the M&TE. In many cases, these performance requirements may be those
described by the Manufacturer's tolerances and specifications for the M&TE and
are therefore included in the numerator."

ANSI/NCSL z540.3 Handbook "Handbook for the Application of ANSI/NCSLI 54@@06 - Requirements for the Calibration of Measuringnd Test Equipment.”



TUR Defined ANSI/NCSL Z540.3
Handbook

Span of the + Tolerance

| 2 . 2 o1 2
2{CMC Resolution Repeatabili
2 xlosss (J(kmc) + iz wr) o (Repesip i) +"'f-“””‘""")2)

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

TUR =

In most cases, the numerator is the UUT Accuracy Tolerance. The denominator is slightly more complicated.
Per the ANSI/NCSL Z540.3 Handbooki-6r the denominator, the 95 % expanded uncertainty of the
measurement process used for calibration following the calibration procedure is to be used to calculate TUR
The value of this uncertainty estimate should reflect the results that are reasonably expected from the use of
the approved procedure to calibrate the M&TE. Therefore, the estimate includes all components of error that
influence the calibration measurement resultswhich would also include the influences of the item being
calibrated except for the bias of the M&TEThe calibration process error, therefore, includes temporary and
non-correctable influences incurred during the calibration such asepeatability, resolution, error in the
measurement source operator error, error in correction factors, environmental influences, etc."



TUR Morehouse Vs Typical Force Lab

Span of the + Tolerance

TUR =

CMC Resolut:ioni_"_w)2 . (Repeatabilityum-)
1

2 Z
2 xkosy, (‘/(kcmc) + ( iz
Example of a TUR Formula (Adapted from the ANSI/NCSL Z540.3 Handbook)
av

2
+- (uﬂti'mr')z

10,000Ibf device accurate
to 0.05 % of full scale with
a 0.01lbf Resolution and
0.11bf Repeatability

10,000Ibf device

accurate to 0.05 % of full®
scale with a 0.0Ibf '
Resolution and 0.0bf
Repeatability

Competitor CMC = 0.05 %
of applied

One Sided Tolerancella
Expanded U = 510f

TUR = 1:1

Morehouse CMC = 0.0Q AE, =
One Sided Tolerancell5]l S ) .

Expanded U = 0.2Bf R g®

TUR = 22:1




Large versus Small Expanded Un

A) Small relative expanded uncertainty U =T/10 and w=U

B) Large relative epanded uncertainty U=(T/2) and w=U

Acceptance interval AL TL

‘ w

Acceptance interval AL TL




Calibration Process Uncertainty (Morehouse

Deadweight)
Nominal Value 10000
Lower specification Limit 9990 12
Upper Specification Limit 10010 | I
Measured Value 10008.0 1 . I
Measurement Error 8 | !
Std. Uncert. (k=1) 0.36 | |
08 : |
Total Risk 0.0000% : i
Upper Limit Risk 0.0000% |
Lower Limit Risk 0.0000% 08 | l
TUR = 13.7498972 | I
TAR= 62.5 04 ) '
Cpk= 1.833319626 | |
Simple Guard Band with Subtracticl)n Uncertainty Only 02 | !
Guard Band LSL 9990.727 . J \ |
Guard Band USL 10009.273 0 l | | l
Guard Band Limits to Assure 2 % RISK or Less 9985 9990 9995 10000 10005 10010 10015
Guard Band LSL 9990.747
Guard Band USL 10009253 MV  —-— LSL Nominal Value — — — USL Uncert. Dist GBLSL GB USL




Calibration Process Uncertainty (Commercial Lalk
Secondary Standards)

Nominal Value 10000
Lower specification Limit 9990 035
Upper Specification Limit 10010
Measured Value 10008.0 03 : T\
Measurement Error 8 | / \ |
Std. Uncert. (k=1) 1.30 025 I I
Total Risk 6.1875% : / \ I
Upper Limit Risk 6.1875% 02 ! :
Lower Limit Risk 0.0000% | / \ |
0.15 - |
TUR = 3.84805172 | / \
TAR= 4 01 :
Cpk= 0.513073563 | / \
Simple Guard Band with Subtractiln Uncertainty Only 0.05 i |
Guard Band LSL 9992.599 . J | k
Guard Band USL 10007.401 0 l | | l
9985 9990 9995 10000 10005 10010 10015
Guard Band Limits to Assure 2 % RISK or Less
Guard Band LSL 9992.669
Guard Band USL 10007331 MV —-— LSL Nominal Vaue — — = USL Uncert. Dist GB LSL GB USL




Evaluating Global Consumer Risk

u  What happens in a scenario where the LAB asks for a TAR or TUR of 4:1 or some othe
arbitrary number? Some may say they have evaluated their level of risk, have they?

Nominal Value 1000.0
Lower specification Limit 999.0 14
Upper Specification Limit ~ 1001.0 :
Measured Value 999.0 12 |
Measurement Error -1.0 |
Std. Uncert. (k=1) 0.030 10 |
Total Risk 50.000% |
Upper Limit Risk 0.000% 8 I
Lower Limit Risk 50.000% |
6 -
TUR = 16.690958 '
TAR= 62.5 A |
Cpk= 0
Simple Guard Band with Subtraction Uncertainty Only 2
Guard Band LSL 999.060 J Ik
Guard Band USL 1000.940 0 ‘ ‘ | ‘
998.5 999 999.5 1000 10005 1001 10015
Guard Band Limits for Risk of 2.00%
Guard Band LSL 999.062
Guard Band USL 1000938 ‘ — MV LSL Nominal Value —USL Uncert. Dist —GBLSL GB USL




Evaluating Global Consumer Risk

Nominal Value 1000.0
Lower specification Limit 999.0 14
Upper Specification Limit ~ 1001.0 .
Measured Value 999.2 12 |
Measurement Error -0.8 |
Std. Uncert. (k=1) 0.030 10 |
Total Risk 0.000% |
Upper Limit Risk 0.000% 8 i
Lower Limit Risk 0.000% |
6 :
TUR = 16.690958 '
TAR= 62.5 4 |
Cpk= 2.2254611 |
Simple Guard Band with Subtraction Uncertainty Only 2 |
Guard Band LSL 999.060 | J \
Guard Band USL 1000.940 ) H | | |
998.5 999 999.5 1000 1000.5 1001 1001.5
Guard Band Limits for Risk of 2.00%
Guard Band LSL 999.062
Guard Band USL 1000938 — MV LSL Nominal Value - USL e Uncert. Dist —GB LSL GB USL

If you do not consider the location of the measurement, you may not be considering risk properly



A

1.

A

Cpk(Process Capability Index)

Cpkis used to estimate how close you are to a given target and how consistent yo
are to around your average performancg@pkmeasures two things well

how close the mean of the readings are to the center of the lower and upper spec
limits; and
how widely spread the readings are

If Cpkis less than 1.33 it will need some action (different vendor with lower
uncertainties, better resolution, adjustments to the instrument, a more repeatable
process can make it better)

If Cpkis higher than 1.66, it is likely that everything is good.



ANSI/NCSL Z2540.3

A Most people who implement
guard bands are using
methods found in this
handbook.

A The handbook has 6 methods
for guard bands

Handbook for the
Application of

ANSI/NCSL 7540.3-2006 —
Requirements for the Calibration of

Measuring and Test Equipment
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ANSI/NCSL Z540.3 Guard Band
Methods

PFEA Estimation Method 1, Unconditiordlest Point Population Data

PFEA Estimation Method 2, Uncondition@i&TE Population Data

PFA Estimation Method 3, Conditiormaf\cceptance Subpopulation

PFA Estimation

Method 4, Conditionat Bayesian

Guard Band Method 5, Based on the Expanded Calibration Process Uncertainty

Guard Band Method 6, Based on the Test Uncertainty Ratio




Decision Rule Quote Example

Quotation
Meretrewse ...,
Sales Person. Heather Sandoe

Valid until 09-23-2021
1743 Sixth Ave. York, PA 17403
sales@mhbforce.com | www.mhforce.com
717-843-0081 Calibrations performed will meet the requirements of ISONEC

17025. Best calibration practice is to replicate how an
Please ship to the address above and include the instrument is being used. Please be sure to send any loading
quote number and serial numberls) of equipment. No RMA pads. fixtures, cables, indicators, and specific instructions as
number i required needed, so we can best replicate use.
Bill To Ship To &ll calibrations traceable to 51 through NIST
4BC Company £BC Company _
ABC Company ABC Company Cage Code 90562
PO Box 231 Billing 1742 Sixth Ave Shipping
York, P4, 17403 York, P4, 17403 [AccAEBITED)
usA usa CERTIRCATE a1
Terms Shipping Type Preferred Carrier Ship Account Number  Current Lead Time:
NET 30 Days ExWaorks (Customer Account) 80P Shipping notes here
jQuantity Item Description List Price]
1.00 PCM-2K-4

2,000 Ibf Morehouse Po ing Machine

Range is based on reference standard, up to 2,000 Ibf. Reference
standards and indicator are quoted separately.  Includes reference
standard mounting adapter (1/4-28 UNF 28)_ tension member,
compression plate. top compression load ball adapter. and case.

Designed for calibration of small force measurement equipment. Load
cells and additional UUT adapters are quoted separately

Height: 34 inches x Width: 9.5 inches x Length: 12 inches
Compression and Tension Area: approximately 18 inches

Includes PC-2-055-01 and PC-2-054-03 for 0.250-28
1.00 PC-2K
2,000 Ibf Tension & Compression
Morehouse PC-2K Precision Calibration Load Cell
Calibrate per ASTM E74 with Deadweight Standards accurate to <0.002

This quote is valid for 30 days and is subject ta Morshouss Tarms of Sala faund at Grand Total
www mhforce com. We reserve the right to correct clerical erors. Cancellation of orders accepted  Subtotal:  §1.885.00
by us can be effected only with our written consent. If an instrument requires repair, we will advise  Tax: 5000
=ddicional pricing. Instruments which heve = specified tolerance will have = guardband spplisd psr o) s1.285 00

Method 5 of ANSINCSLI Z540.3 Handbook. Sending an instrument for calibration is acceptance of
this Quetation and the Morehouse Terms of Sale referenced above. *Lead time & pricing subject
o change due material cost increases and availability.

7.8.6.1 When a statement of conformity to a
specification or standard for test or calibration is
provided,the laboratoryshalldocument the decision
rule employedtaking into accounthe level of risk (such
as false accept and false reject and statistical
assumptions) associated with the decision rule
employed and apply the decision rule

This quote is valid for 30 days and is subject to Morehouse Terms of Sale found at
wiwwr.mhferce.com. We reserve the right to correct clerical errors. Cancellation of orders accepted
by us can be effected only with our written consent. If an instrument requires repair, we will advise
additional pricing. Instruments which have a specified tolerance will have a guardband applied per
Method 5 of ANSINCSL] Z540.3 Handbook. Sending an instrument for calibration is acceptance of
this Quotation and the Morehouse Terms of Sale referenced above. ™Lead time & pricing subject
to change due materal cost increases and availability.



Statement of Conformity

A When performing a measurement and subsequently making a statement of conformity, for example, in or

out-of-OT 1 AOAT AA O | AT OEAAOOOAOGO OPAAEEEAAOQEITO 10O
possible outcomes:

I The result is reported as conforming with the
specification

I The result is reported as not conforming with
the specification

B | @ !

]
1 “What % risk is this?”

lllustration of MeasurementDecisionRisk



Non-Binary Acceptance Criteria

Acceptance Conditional Conditional Rejection

. Interval Accept Reject . Imterval .
Guard band —_ | W= Uss
~
|
I AL TL TL+w
Upper Specification * T }: I
Upper Acceptance Limit \; ------------ I ------------------------ I --------------------------------------------------------------
Nominal !L
b
Lower Acceptance Limit = ----------------- 20 om oo I --------------------------------------------------------------
Lower Specification + I :{
Statement of Conformance Pass Conditional Pass Conditional Fail Fail




NON-BINARY DECISI

ON RULES EXPLAINED

Can you calibrate my |
device and tell me if |
it's good to use for ‘
another year? ‘

CAL LAB 2 DOES THE CALIBRATION
AND ISSUES REPORT

The instrument is

out of tolerance,

but it may still be
ok for your
application

=

Malarkey Cal

NMeretroewse

THE FORCE IN CALIBRATION SINCE 1925

() dinohioerse

CAL LAB 1 DOES THE CALIBRATION
AND ISSUES REPORT

The instrument
may be in tolerance,
but we’re not sure

ELIMINATE THE GUESSWORK

We will meet your needs
per ISO/IEC 17025,
adjust the device if
requested, and take
measurement uncertainty
into account.

[N

=

¥

&=

(4 Merepouse

Want a company that will meet your needs
for force and torque calibration? Contact
Morehouse at 717-843-0081 or
sales@mforce.com to start the discussion.




ANSI/NCSL Z2540.3

Guard Band Method 5, Based on the Expanded Calibration Process Uncertainty:

One simple approach to guard banding is to calculate acceptance limits by
subtracting the 95 % expanded calibration process uncertainty from the tolerance
limits. This is the approach recommended by ILAC G8 and various other
documents. If the measurement result is within such acceptance limits, the PFA is
very small and is therefore assured of meeting the 2 % PFA requirement. The only
information necessary for this guard banding approach is the tolerance and the
calibration process measurement uncertainty (page 56) However the definition of
TURspecifically calibration process uncertainty is only defined well in the
ANSI/Z540.3 Handbook



Measurement Risk

How to lower your measurement risk

A Have the calibration provider replicate how the device is being used
A Have competent technicians
A Use the right equipment

A Lower your uncertainties through your calibration provider
Note: There is quite a bit of difference between force measurement labs with CMCs of 0.1 %, 0.05 %, 0.02 %, 0.01 %\d00E%60f applied force.

How Good Does Your Calibration Provider Have to Be? (T.U.R. T

Tolerance Required

0.010%  0.020% 0.050%  0.100%  0.200%  0.500%
4.471 8.941 22.353 44.706 89.413  223.531
1.961 3.922 9.805 19.610 39.221 98.052
0.995 1.990 4.975 9.950 19.900 49.75]
0.499 0.999 2.497 4.994 9.987 24,964
0.200 0.400 1.000 1.999 3.999 9.98(
0.100 0.200 0.500 1.000 2.000 5.00(

This table is based on a Calibration Grade Load Cell with 0.01 Ibf Resolution; 0.05 Ibf Repeatability.

Anything in Red would have too much measurement risk.

Calibration Standard Required

Deadweight
Deadweight
Deadweight / Lever

High End Load Cell
High End Load Cell
Good Load Cell

Calibration Lab
capability (CMC)
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Measurement Risk

Have the calibration provider replicate how the device is being used

This is &ensotedVlodel RFG/F2261 load cell. | did a test with two different types of
adapters and recorded the readings (10,001.5 vs 9942.3).
There was a difference of 59.2 LBF on a 10,000 LBF cell.

This is &8ensotedviodel RFG/F2261  SBAFISNBYyU deLls I REL
Sy3aF3SYSyid OSNBdza n dp

a7



Measurement Risk

Have the calibration provider replicate how the device is being used

This is &ensotedViodel RFG/F2261 load cell. | did a test with two different types of
adapters and recorded the readings (10,001.5 vs 9942.3).

What is the probability of the measurement being within 0.25 % if the top adapter is

o changed out?
Well within 0.25 % No where near 0.25 %

Nominal Value 10000 Nominal Value 10000
Lower specification Limit| 9975 16 Lower specification Limit | 9975 16
Upper Specification Limit| 10025 14 Upper Specification Limit| 10025 14
Measured Value 10001.5 Measured Value 9942.3
Measurement Error 15 12 Measurement Error -57.7 12
Std. Uncert. (k=1) 0.29 Std. Uncert. (k=1) 0.29

1 1

08

Total Risk 100.00%
08
06

0.6

TUR= [43.1034] 04

02

0 T T
9970 9980 9990 10000
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Measurement Risk

Have you, or any of your technicians, ever overloaded a load cell?

Have you, or someone you know, ever used the wrong equipment to try to accomplis|
a certain task?

Have you signed a certificate you were unsure about?

Do you know of any bad measurement practices in your organization that are not beil
corrected, or do complaints fall on deaf ears?

How about your calibration provider: Have they ever admitted to making a mistkke?
the problem was not corrected, did it just go away?

o ToTo  To v

We are not perfect, but we can mitigate measurement risk by making better
measurements, and by replicating the proper use of all instruments to lessen the
possibility of devastating errors.



3 Rules to Lessen Your Measurement Risk

Rule #1. Know the Right Requirement$his first rule involves
knowing what is needed to accomplish the task at hand.

Rule # 2. Choose the Right Equipmenlways choose Measuring

and Test Equipment thas capable of achieviripe measurement
tolerance required.

JUau,d!n b3

Rule # 3.Have the Right ProcessesT his last rule requires having a
training program and proof of training (records) to validate the
individuals performing the calibration or using the equipment.

S$S920.d

juawaJnbay



3 Rules to Lessen Your Measurement Risk

Rule #1. Know the Right RequiremeniBhis first rule involves
knowing what is needed to accomplish the task at hand.

A The more accurate the system, the higher the costs will be to
procure the equipment and have it calibrated.

JUau,d!n b3

A For most tests, a T.U.R. of 4:1 will meet the guidelines set fou
in ANSI Z54Q of ensuring that the total risk is less than 4 %.

A If the requirement is 0.1 % of applied, and the stability of the

device is 0.2 % over a ofyear period, the device would need to
have the calibration interval shortened.

S$S920.d

juawaJnbay



What happens when Rule #1 Is not
followed

BP Texas Refinery Moments before and immediately after the explosion




Knowing The Right Requirements

The Accident:

A Distillation tower and
attached blow down drum
overfilled

A~7600 gallons flammable
liquid released

A Liquid ignited by an idling
diesel truck

Proximate cause:
AHighlevel alarm
malfunctioned

A Level transmitter
miscalibrated

¢ Outdated 1975 data sheq

¢ Level transmitter indicatef! y
liquid level falling

¢ Levelactually risingapidly




Knowing The Right Requirements

Root causes:
ACostcutting,
production
pressures, and
failure to invest ,
AlLack of preventatives
maintenance and
safety training
AProcedural
workarounds to
compensate for the
deteriorating
equipment

The Cost:

T 15 deaths,

i 180 injured

i Over $2 billion,
including lawsuits

e
Py

Special Thank You to Schtimbsfor providing this example



3 Rules to Lessen Your Measurement Risk

Rule # 2. Choose the Right Equipmemliways choose Measuring

and Test Equipment thas capable of achieviripe measurement

tolerance required.

A If you need to certify that an instrument is within a tolerance ¢ g
1 %, you cannot use a standard with a 1 % tolerdagqeerform 5’
the calibration. :

A Several manufacturers do not understand T.U.R and do not
AyOf dzZRS (KS AYyauNHzZYSyiQa NBazZztdzwiAzy 2
reference standard used to perform the calibration, in their
accuracy claims.

A On most of these instruments, no reference standard in the
world may lower the risk if the instrument shows any bias.

$s32014
juawaJnbay



The Right Equipment?

Boilers Blowing Up

@ m
L4

TestProcedure TestResult
Brinell Testing

1921 Brinell Hardness Machine



Choosing The Right Equipment

Meretreese
804000 60K Aircraft Press

Nominal Value 10000
Lower specification Limit | 9990 007
Upper Specification Limit| 10010 , Py
Measured Value 10000 0.06 I |
Measurement Error 0 008 ) |
Std. Uncert. (k=1) 6.45 ’ U / \ i
|
Total Risk 12.10% 004 f / \ |
0.03 ! / \I
| TUR= [0.77519] 002 /I
| N
0.01 / ' }
0 . | | :
9970 9980 9990 10000 10010 10020 10030
| MV — —-LSL — Nominal Value ——— USL Uncert. Dist |

This is the calibration of an Aircraft Scale in our 804000 Pres:
The scale is repeatable within ¥ * and has a resolution of
10Ibf. No matter what reference standard is used, the Total
Risk will always be higher than 10 %.

* Note: Unless actions are taken to reduce the repeatability o
resolution.
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Choosing The Right Equipment

Span of the + Tolerance

2 2 . 2 — 2
2 % Kogx, ( j(CMC) n (ResolunonUUT) i (Repeatalblhtyum-) . (uOthor)2>

TUR =

Keme V12
Example of a TUR Formula (Adapted from the ANSI/NCSL Z540.3 Handbook)

Urep

S l:l 03 o N\B |htél’COfﬁFﬂ5@&|ﬁ l:l K S el (eWNJo]IETe| InStrument Reading
i 0000 0000
Toluut= 0.1 % of Applied 1Bf, (USIC LSL)/2 15000 .

((20,010¢ 9,990)/2) =10 Ibf 10000 10000
[ al dzy OSNI I AyiGée 0O2YLR 10000 9990 ot S
Ures=10 Ibf STD DEV 5.773502692

Urep= This is found by taking standard deviation of
several test points5.774
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Choosing The Right Equipment

Span of the + Tolerance

TUR =

2[(CMC
A (j(m

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

)+

Resolutionum-)2 & (

V12

Repeatabilityyyr

1

2
) dree (u0ther)2

A1SiQa oNBlI]l R2gy GKS {OFfS

A Toluut= 10Ibf, (USIg LSL)/2

Al al dzy OSNIIl Ayide O2YLRYSyd I %I

A Ures=10

A Urep=5.774

o=i01\| Req Tolerance LSL USL | Res UUT Rep UURR@®([e88 Std Unc| Exp Uncd TUR

0.100% 9990 10010 10 5.774 K000 6.46 12.91 0.775
0.100% 9990 10010 10 5.774 [ORe02ZY) 6.46 12.91 0.774
0.100% 9990 10010 10 5.774 K00 6.46 12.92 0.774
0.100% 9990 10010 10 5.774 [OR0ZSTZ 6.58 13.15 0.760
0.100% 9990 10010 10 5.774 K0S 6.92 13.85 0.722
0.100% 9990 10010 10 5.774 OMIe[0N) 8.17 16.33 0.612

NRA I 0 f
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How can we fix this?

Raise the Tolerance?

(o-1s:01\] Req Tolerance LSL USL [ Res UUT

D

Rep UUT@Y[68 Std Unc| Exp Ung TUR

0520% | 9948 | 10052 | 10 . Yool 646 | 1291 | 4.028 A TUR better than 4:1
0.520% 0048 | 10052 | 10 . 2 646 | 1291 | 4.027 .. ]
0.520% 9948 | 10052 | 10 . o0l 646 | 1292 | 4.025 would have minimal risk
0.520% 9948 | 10052 | 10 . ) 658 | 1315 | 3954 . .

0.520% 0048 | 10052 1o . sl 692 | 1385 | 3.756 assuming the location of

|r0\7§2°|‘§ep§4§tag‘;ffty onlv CELull 817 | 1633 | 318 the measurement is within

(o-1s:01\] Req Tolerance LSL USL [ Res UUT o[688 Std Unc| ExpUnc TUR the guard band I|m|tS

0.100% 9990 10010 10 0.000% [A:] 5.77 1.732
0.100% 9990 10010 10 (N0024  2.89 5.78 1.731
0.100% 9990 10010 10 (004 2.90 5.80 1.726
0.100% 9990 10010 10 0.025% N 6.29 1.589 .

0.100% 9990 10010 10 0.050% [REX:4 7.64 1.309 Wlth a 2| bf
0.100% 9990 10010 (OMPiy 5.77 11.55 0.866

Improve Resolution and Repeatabllity ?

resolution and a

o: 01\ Req Tolerance  LSL USL | Res UUT ExpUnd TUR C M C Of O . 022 %,
0.100% 9990 | 10010 2 0.000% . 115 8.660
0.100% 9990 | 10010 2 0.002% . 117 8.533 a 4 1 TU R Ccou |d
0.100% 9990 | 10010 2 0.005% . 1.26 7.947 /
0.100% 9990 | 10010 2 0.022% . 2.48 4.025 be aChIeved
0.100% 9990 | 10010 2 0.050% . 5.13 1.949
0.100% 9990 | 10010 2 0.100% . 10.07 | 0.993
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How can we fix this?

We need to figure out how to lower the uncertainty and adjust the acceptance limits to
limit lower and upper risk téess thant 2 %

Nominal Value 10000 oo This assumes the
Lower specification Limit| 9990 ’ 4—____r______________——————" | . f r]
Upper Specification Limit| 10010 008 P 1
Measured Value 10000 4—/‘0; : / \ ! Ocatlo no t €
Measurement Error 0 ' | | H
Std. Uncert. (k=1) 4.86 006 | // \\ i measurement Is
Total Risk 3.96% 005 / \ I pe rfect.
004 ! l
003 i / \ |
TUR= [1.02881] b0 i \ | Urep
. V \| el (=WANeJo]I[=Xe| INnStrument Readin
. ] N 10000 10000
0075 ©0OBC 9085 0990 0995 10000 10005 10010 10015 10020 10000 10000

10000 10000
10000 9990

(o=i:-1¢)| Req Tolerance LSL USL [ Res UUT Rep UUT@V[6 Std Unc| Exp Unc TUR |U& L RISK [One Sided
0.100% 9990 10010 10 3.77 [NONeZ 4.75 9.50 1.053 3.53% 1.76%

0100% | 9990 | 10010 | 10 377 B 475 | 950 | 1053 | 353% | 1.76% 18888 18888
0.100% | 9990 | 10010 | 10 | 377 POWEAM 475 | 951 | 1052 | 353% | 1.76% 10000 o000
0100% | 9990 | 10010 | 10 | 377 POA 491 | 982 | 1018 | 417% | 6.43% coory PR

0.100% 9990 10010 10 3.77 [WONSLY 5.37 10.73 0.932 6.26% 3.13%
0.100% 9990 10010 10 3.77 PesAE  6.90 13.79 0.725 14.73% 7.36%
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Choosing The Right Equipment

Nominal Value 10000

Lower specification Limit | 9990 o7 K
Upper Specification Limit| 10010 06 | |
Measured Value 10008 ’ - X
Measurement Error 8 05 | |
Std. Uncert. (k=1) 0.6 | |
[
Total Risk 0.04% o4 . I
Upper Limit Risk 0.04% 0s | |
Lower Limit Risk 0.00% ' | |
TUR= [8.33333] 0z . I \ |
01 I I
L WA

9985 9990 9995 10000 10005 10010 10015

| MV — —-LSL Nominal Value = ——— USL == ncert. Dist |

The only way to lower the Total Risk is to buy a scale with a better repeatability
& resolution or change the method (lower the acceptance limits). Evaluating all
components in a system is critical.

Note: Changing the process may cause all kinds of measurement problems
resulting in a much higher risk. (Example: Switching from deadweights to load
cells would raise the CMC and may require lowering the acceptance limit)

32



Aircraft and Truck Scale Adapters

|

Truck and Aircraft Scales are typically used to weigh tru
and airplanes with the tires sitting on several scales. A
adapter used during calibration should be composed Qf T E .

same type of rubber and should have the same footprint @S2l e = 5 =
the tire to ensure accurate results.

Link to Aircraft and Truck Scale Calibrators



http://www.mhforce.com/Product/ProductDetails/30?title=AIRCRAFT-SCALE-CALIBRATORS

Truck Scales




Truck Scales

Pictures Showing Two
Different Size Adapters.

Will there be a difference in
the measured values?




Calibration of a Truck Scale

Notes: Calibration of a truck scale in our

Morehouse USC-60 Scale Calibrating Mac

This test is comparing the difference in th
footprint of different tires on the scale.

Force Applied | Instrument Reading Instrument ReadingDifferencq % Difference Tolerance Tolerance
Ibf normal pad small pad in |bf 1 % of Applied | % by using different pag
2000 2000 2000 0 0.00% 20 0%
4000 4000 4000 0 0.00% 40 0%
6000 6020 6020 0 0.00% 60 0%
8000 8020 8020 0 0.00% 80 0%
10000 10040 9980 60 0.60% 100 60%
12000 12040 11980 60 0.50% 120 50%
14000 14060 13980 80 0.57% 140 57%
16000 16060 15960 100 0.63% 160 63%
18000 18060 17940 120 0.67% 180 67%
20000 20060 19920 140 0.70% 200 70%




Calibration of a Truck Scale

iDifference % Difference Tolerance Tolerance

in Ibf 1 % of Applied | % by using different pag

0 0.00% 20 0%

0 0.00% 40 0%

0 0.00% 60 0%

0 0.00% 80 0%

60 0.60% 100 60%

60 0.50% 120 50%

80 0.57% 140 57%
100 0.63% 160 63%
120 0.67% 180 67%
140 0.70% 200 70%




Truck

|

e

Scales

?
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ff ?
?
?
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l
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Pictures Showing three
Different Size Adapters
made by Morehouse.

Will there be a difference in
the measured values on a
10,000 Ibf PT300 scale?



Calibration of a Truck Scale

PT 300 Example

FORCE 10X 10PAD | 8X8PAD 9" ROUND PAD Maximum %
APPLIED READINGS | READINGS READINGS Difference | Maximum
2000 2000 2000 2000 0 0.00%4
4000 4040 3990 4000 50 1.25%
6000 6020 5990 5990 100 1.67%
3000 8130 7990 2000 140 1.75%
10000 10170 10000 10010 170 1.70%
12000 12130 12010 12000 190 1.58%
14000 14210 14010 14000 210 1.50%
16000 16230 16010 15990 240 1.50%
18000 18230 18010 17980 250 1.39%
20000 CAP 20000 19580 N/A N/A




Calibration of a Truck Scale
il 4

Thoughts?




Aircraft and Truck Scale Adapters

Morehouse has tested truck and aircraft scales and there is a large difference
In using different size plates

Force Scale Scale
Applied Reading wReading w/
Ibf Large padSmall pad
0 0 0 Diff in Ibf %
4000 3950 3980 -30 -0.759%
8000 7980 8030 -50 -0.627%
12000 11990 12020 -30 -0.250%
16000 15980 16090 -110  -0.688%
20000 19980 20140 -160  -0.801%
24000 23990 24210 -220 -0.917%
28000 27990 28270 -280  -1.000%
32000 31990 32350 -360  -1.125%
36000 35990 36460 -470  -1.306%
40000 40010 meter
saturated




The Right Equipment

The right equipment for force is going to be made to minimizeceffter loading, bending,
and torsion. To do this force machines need to be:

Plumb

Level

Square

Rigid

5. Free of Torsion

Note: All of the machines shown are designed with these 5 things in mind. They replicate
how most instruments are used in the field

R A



The Right Equipment

The right equipment for force is going to be
Plumbexactly vertical or true

Pictured Right Morehouse 1,000 Ibf automated
deadweight machine that is plumb. In this machine
the weights hang in a vertical direction and if they are
out of plumb, they will introduce misalignment
through the vertical line of force.

m

. o
m
=
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m
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-
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The Right Equipment

The right equipment for force is going to be

Levela device for establishing a horizontal line or plane b
means of a bubble in a liquid that shows adjustment to th
horizontal by movement to the center of a slightly bowed
glass tube

Pictured Right Morehouse 100,000 Ibf UCM. The upper |
and lower platen argroundflat and the adjustable feet
allow the end user to obtain a level condition. If level is
not achieved, errors from misalignment will happen.




The Right Equipment

The right equipment for force is going to be

Square for Force Machines this is about having four
right angles.

Pictured Right Morehouse 10,000 Ibf Benchtop
Machine. The adjustable beam and bottom base
form the 4 right angles. This reduces the chance of
misalignment. The bottom screw is aligned to the tc .
beam to keep the line of force as plumb as possible.




The Right Equipme

Rigidg not flexible. If the loading
surface starts to bend, all sorts of
alignment errors can happen which . .
will impact the results . I.I

A ==

Pictured Right Morehouse USGO0OK / l.'
With Reference Load and Morehous ;

4215 Indicator the top and bottom

plates are reinforced to keep the

machine from bending




The Right Equipment

Torsiong the action of twisting or the state of being
twisted. Free of torsion means free of being twistec

when forces are applied

Pictured Right Morehouse PCMK With Reference
Load Cell. This machine have special bearings to
keep things from twisting. Before putting in the
bearings, the measurement errors were higher than
0.1 %, when we added the bearings, the errors
became less than 0.02 %, which is better than most
transfer standard type machines.




The Right Equipment

Replicates Field Use

So |

Tensile force transducers should be fitted with two ball nuts, two ball cups

TOP COMPRESSION ADAPTER
(C-1Txxx / WITH ISO SPECS.)

TOP STUD - "THREAD"

D.U.T. (TEST INSTRUMENT)

One of these does not replicate
how the equipment is used in the
field. Which One?




The Right Equipment

Replicates Field Use




The Right Equipment

Replicates Field Use

To Replicate Field Use for ASTM E4 & ISO 7500 Calibrations in These
Types of Machines

A The Calibration Laboratory Should Not Perform Compression and
Tension Calibration in the Same Setup (Common Practice as it is
much quicker)

AcKSe {K2dzZ R dzaS (GKS / dzad2 YSNXQa
Compression Setups

A In Compression, they Should Require a Baseplate to Load Against

A For Tension Calibration if the Etuder is Calibrating per ISO
7500, They Should Use Adapters Recommended Per the ISO
Annex, which would be different than what is shown here




Choosing The Right Equipment

Nominal Value 500
Lower specification Limit | 498.5
Upper Specification Limit| 501.5

16

14

12

1

08

0.6

04

02

0

498

Measured Value 500
Measurement Error 0
_& Std. Uncert. (k=1) 0.29
Sy Total Risk 0.00%
m Upper Limit Risk 0.00%
Lower Limit Risk 0.00%
o s CAPACITY
i 5000 x 1 Ib
- | TUR= [2.58621 |
GROSS LR A
Nominal Value 500
Lower specification Limit | 498.5
Upper Specification Limit| 501.5
Measured Value 501
Measurement Error 1
Std. Uncert. (k=1) 0.29
Total Risk 4.23%
Upper Limit Risk 4.23%
Lower Limit Risk 0.00%
| TUR= [2.58621

Great Equipment. Just Remember {
location of the measurement is key!

16

14

12

08

0.6

04

hat

MSI PORPWEIGHT
Some accuracy
specifications are 0.1
% of applied and
other are 0.1 % of
applied+ 1 count.

Specification on this

model is 0.1 % of

applied+ 1 count

Location of the
measurement is key.



Choosing The Right Equipment
Morehouse2K-PCM W/ UltraPrecision_LoadCell

Is the PCM accurate enough to calibrate the UUT in each of the following scenarios u
Method 5? Typical Expanded Uncertainty is 0.02 % of applied force

UUT 0.025 % of full scale



Choosing The Right Equipment
Morehouse2K-PCM W/ UltraPrecision_LoadCell

With a CMC uncertainty component of 0.02 % and a UUT resoluti
of 0.2 Ibf if the UUT reads between 995.4 and 1004.6, the system
would be accurate enough to calibrate the UUT.

Nominal Value 1000

Lower specification Limit 995 4

Upper Specification Limit 1005 35
Measured Value 995.4 I i

Measurement Error -4.6 3 |
Std. Uncert. (k=1) 0.12 |
25 I }
Total Risk 0.03% |
Upper Limit Risk 0.00% 2 f |
Lower Limit Risk 0.03% 15 } i
TUR= | 21.65047632 ] . | l
| I
HP 05 t
1000Ibf Digital Force i |
0 ; ; ; ‘
Gage U UT O . 5 % Of fu ” 994 996 998 1000 1002 1004 1006

Scale —_— MV — - —LSL — Nominal Value — — usL = Uncert. Dist ‘




Choosing The Right Equipment
Morehouse2K-PCM W/ UltraPrecision_LoadCell

With a CMC uncertainty component of 0.02 % and a UUT
resolution of 0.1 Ibf if the UUT reads between 499.7 and 500.3,
the system would be accurate enough to calibrate the UUT.

Nominal Value 500

Lower specification Limit 499.5 8
Upper Specification Limit 500.5 7
Measured Value 500.3 | / \ i
Measurement Error 0.3 6 I
Std. Uncert. (k=1) 0.06 / \ I
5
| I
Total Risk 0.03% / \ |
Upper Limit Risk 0.03% 4 f / \ |
Lower Limit Risk 0.00% 3 } I
| TUR= | 4330095263 ] 5 l / \ |
T J [\
|
0 : : : .
500 |bf Dlg |ta| FO rce 499.4 499.6 4998 500 500.2 500.4 500.6
Gage U UT O- 1 % Of flu” ‘ —_— MV — - —LSL — Nominal Value — — UusL e Uncert. Dist ‘

scale



Choosing The Right Equipment
Morehouse2K-PCM W/ UltraPrecision_LoadCell

With a CMC uncertainty component of 0.02 % and a UUT resolution of
0.01 Ibfas long ashe UUT reads between 1999.91 Ibf and 2000.09, the
system would be accurate enough to calibrate the UUT.

Nominal Value 2000
Lower specification Limit 1999.5 25
Upper Specification Limit 2000.5
Measured Value 2000 2
Measurement Error 0 | I
Std. Uncert. (k=1) 0.20 ' |
15 } !
Total Risk 1.24% . |
Upper Limit Risk 0.62% I / \ I
\ : T ——" Lower Limit Risk 0.62% 1 | I
' | e TUR= | 1.249869804 | I / \ I
05 }
_ N
2000Ibf Load Cell UUT 0

1999 1999.2  1999.4  1999.6  1999.8 2000 2000.2  2000.4 2000.6  2000.8 2001

with a tolerance of
0.025 % of full scale

[—w —- p— p— p—— |

Method 6 would allow between 1999.66 and 2000.34 to pass!



Choosing The Right Equipment

Span of the + Tolerance

TUR =

2

2 2 : 2 I
2 % Kosyg ( j(CMC) n (Resolunonum) i (Repeatalbllltyuur) . (lloum)2>

Kemc V12

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

The Reference Equipment chosen could affect the TUR in the following ways:

1.
2.

3.

It can raise or lower the TUR

Different equipment types have different CMC uncertainty components
which will raise or lower the TUR

Different reference standards can make the repeatability of the UUT
better or worse. (An example of this would be hydraulic versus
deadweight) The stability of the hydraulics would factor into the CMC
uncertainty component.

Different reference standards have different resolution (deadweight has 0,
while a 60K load cell may have 0.15)

Changing the reference standard type will change the process, resulting in
an increase or decrease in the CMC uncertainty components.



3 Rules to Lessen Your Measurement Risk

A Rule # 3.Have the Right ProcessesThis last rule requires
having a training program and proof of training (records) to
validate the individuals performing the calibration or using the
equipment.

A It is important to maintain and follow procedures that
adequately support the en@roduct performance

A There should be a process in place that ensures all aspects o1 uie
standards are being carefully satisfied in the calibration process

A'asS 2F tNRPLSNI ! RFLIWISNB YR YIF1Ay3 a&adzN
calibration matches how it is being used in the field or lab.

u
3 Bujd!n b3
$s32014
juawaJnbay



The Right Processes?

Incorrectly calibrated radiation treatment system overdosed 152 cancer patients

A CoxHealttof Springfield, MO inadvertently overdosed 152 cancer patients, 76 of which
received up to 70% higher than prescribed dosages

A The device, BrainLABstereotactic radiation system used to treat areas 1.1 centimeters
or smaller, was initially incorrectly calibrated by texHealtlchief physicist in 2004

A The error went undetected for five years, until September 2009 when another
CoxHealttphysicist received training on thgrainLABystem

A Although the calibration error was corrected, as of February 2012CtheHealth
BrainLABrogram remains suspended while lawsuits are settled



The nght Processes’?




The Right Processes?

Torque Measurement 5 “‘F‘;.!‘-N.:

Intercomp TL8500™ Tension Link Dynamometers are used by
Texas oil field companies to measure the torquing force being
applied to equipment. As this equipment is being serviced and
assembled, these precision measurement devices play a vital role
in ensuring proper specifications are being achieved while also
improving operational efficiency and safety.

“Our customers love the precision they

get from the Intercomp TL8500™ Tension
Links,” said John Marquis, Sales Director for
Industrial Scale Company, Inc. “Before, there

wasn’t any way to know how much torque B B o o e e
was being applied, but now they can ensure
they are meeting the required specifications.”

The TL8500™ Tension Links have also yielded increased
operational efficiency by reducing the staff and equipment
required to perform these types of jobs.

“One of the main reasons Intercomp TL8500™"s are being used is Torque= Ilft fOfCG X Sm(t) X WrenCh Iength

due to the optional audible alarm available,” continued Marqus, t = angle and assuming 45 degrees based on visual from pictu

“Combined with their large, easy-to-read display, knowing when . . . q

the optimal force reading has been reached is now be a one man ' ' ' sine would be square root of 2 divided by 2 or about 0.71 (Thl

fote Irshemtn it bl o0 ate to about 29 % error in the torque measurement). If the
and industries. .

angle where 90 degrees, the sine error goes away.

Anyone this this is a good way to accurately

measure torque? 00



The nght Calibration Provider

Some calibration providers do not
include enough information to
provide a traceable measurement.

What is wrong with this cert?

L RPSER S e R

b TR
Tester DPM Model # PT300
Date 3/25/2016 Scale/Cell ID #

Indicator Capacity 10000 Lbs.
Serial# i g Graduation (d) 5
Part # 100129 Re-Cal Date 3/25/2017

Temperature | 68°F [ Humidity | 28 % Ack # [ Po# |
Accuracy: +/- 1 % of applied load or +/- 5 Lbs. - whichever is greater
As Recieved: In Tolerance As Left: In Tolerance
Weight (Lbs.) | Pre-Cal (Lbs.) | Run #1 (Lbs.)
0 0 0
1000 1000 1000
2500 2500 2495
5000 5015 5000
7500 7535 7515
10000 10050 10025
0 0 0
Kaimriin g does hereby certify the above listed instrument meets or exceed all published Specifications and

has been cahbratcd

Standards and

chhnolog)

ng standards whose accuracies are directly traceable to the U.S. National Institute of

This document is not to be reproduced except in full without the written permission of Intercomp
Calibration Procedure: per OEM Manual

__ Model # |
o U o [
SR

Test/Trace # |

Re-Cal Date |

684/287659-16 [

1/12/2017 12:00:00 AM |

Tested By:

Approve By:

J\\_ B I

1.

No mention of measurement
uncertainty of the reference
standard.

Claims traceability to NIST
and not to SI.

Does not report uncertainty
per point.
Meets all published

specifications, but does not
list any of them

Was instrument only
exercised once?



The Right Calibration Provider

Not Following The ASTM E74 Standard

PERFORMANCE
TEST LOAD Recorded Readings (Lb)

APPLIED (Ibf) Run 1 Run 2 Run 3 Fitted Error 1 Error 2 Error 3
0 0.0 0.0 0.0 0.05 0.05 0.05 0.05
500 489.9 499.8 500.3 500.06 0.16 0.26 -0.24
1000 1000.1 1000.1 1000.3 999.94 -0.16 -0.16 -0.36
2000 1999.4 1999.3 1999.5 1999.52 0.12 0.22 0.02
3000 2999.1 2999.0 2999.2 2999.08 -0.02 0.08 -0.12
4000 3998.7 3998.6 3999.0 3998.84 0.14 0.24 -0.16
5000 4998.8 4998.8 4999.0 4998.89 0.08 0.09 -0.114
6000 5999.2 5999.3 5999.5 5999.26 0.08 -0.04 -0.24
7000 6999.7 6999.9 7000.2 6999.86 0.16 -0.04 -0.34
8000 8000.4 8000.4 8000.7 8000.51 0.1 0.1 -0.19
9000 9000.7 9000.8 9001.0 9000.95 0.25 0.15 -0.05
10000 10000.5 10000.8 10001.3 10000.81 0.31 0.01 -0.49

4000 4001.5 4001.4 4001.4

0 0.2 0.0 0.0

POLYNOMIAL COEFFICIENTS FOR ASCENDING FITTED CURVE
Coefficients* Inverse™*

Coefficient AD= 5.072350e-002 Coefficient A0= -5.091823e-002 Standard Deviation = 0.20026 Ibf
Coefficient A1= 1.000166e+000 Coefficient A1= 9.998345e-001 Standard Deviation/Span = 0.00200 %
Coefficient A2= -3.470746e-007 Coefficient A2= 3.466446e-007 Lower Limit Factor = 0.48 Ibf
Coefficient A3= 7.319854e-011 Coefficient A3= -7.312871e-011 Class A Lower Limit = 192.3 Ibf

Coefficient Ad= -3.939503e-015 Coefficient A4= 3.935937e-015

*Reading = AD + A1*Load + A2*Load"2 + A3*Load*3 + Ad*Load*
**Load = A0 + |IA1*Reading + [A2*Reading”2 + |IA3*Reading”3 + |A4*Reading”4

Some calibration providers
claim zero can be used as the
first calibrated test point.

This is not true in anyway
possible.In the ASTM E748
standard the following sections
point to this not being allowed.

Per Section 8.6.2 of ASTMERIa ¢ KS GSNATASR NI Y
not include forces outside the range of forces applied during the
calibration. If the lower force limit is less than the lowest-zerno
calibration force applied, then the lower force limit of the verified
range of forces is equal to the lowest calibration force apglied

Per Section 7.2.1 of ASTM B4 & (if thé I&n&r fadice limit of

the verified range of forces of the forogeasuring instrument (see
8.6.1) is anticipated to be less than one tenth of the maximum force
applied during calibration, then forces should be applied at or below
this lower force limit. In no case should the smallest force applied be
below the lower force limit of the forameasuring instrument as
defined by the values: 400 x resolution for Class A verified range of
FT2NDSa Hnnn E NBazfdziazy F2N/



Why Measurements Matter



