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Introduction

Morehouse Instrument Company has shateimendousknowledge throughout the years with blogs,
technical papers, and webinars. This education aligns with our purpose to create a safer world by helping
companies improve their force and torque measurements.

The information can be overwhelming when somedneaew to calibration or metrologyl'here is so much
to digest that people can quickly become overwhelmed. Some have joked that an introduction to metrology
is like trying to drink through a firehouse

Morehouse has created a book to help anyone withitierce measurement needs or challenges to
simplify things. The bookwill help anyone fom beginner to seasoned metrologistsis a combination o&
centuryof experienceconcerningmaking force measurementgven seasoned metrologists or technicians
with years of experience may learn something newthss document carbe a refresher for those who are
more advanced. In either case, the knowledge gainedwipl you become betteand help make better
force measurementto make the worldsafer.

We hope yotenjoy it!

Descending
Ascending

Vieresratt3e

Load A 10.0000 Lb
Limits 020 @

Figurel: Force Calibration Basics
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[THE FORCE IN CALIBRATION SINCE 1925]

Force Calibration and its Importance

What isForce Calibratiofd

In his second law, Sir Isaac Newttated that force controls motion; thereforaye must control the force

if we are to control the motionAn example of forcd:have an egg in my hand and want to break it by
squeezing it in my hand. This egg will break at X known force. No matter whreri lthe world, the same
amount of force wilbe required to break the egg in my hand. It will not take less force to break this egg in
Pennsylvania than in Peru.

A simple physics definition for force is mass times acceleration (F = rAxsi)own in th illustration

below, force is a derived unit from the Sl base units of Mass, Time, and L&hgtinternational
Committee for Weights and Measures in the Bureau International des Poids et Mesures (CIPM/BIPM)
defines 1N as the force required to acceleratkg to 1 meter per second per second in a vacuum

Derived units

S| BASE UNITS without special S| DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS
i Solid lines indicate multiplication, broken lines indicate division
kilog T,
snever(@ (/kg)
PRESSURE, ABSORBED DOSE :
STRESS DOSE EQUIVALENT
meter <
watt (J/s)  becquerel 1 /s) hert@ (1/s)
. ENERGY,WORK, = WE ACTIVITY "< FREQUENCY -
second S - QUANTITY OF HEAT : HEAT FLOW RATE {onmmouucuoa s
atal a (mol/s) 3 (V:s) henry (Wb/A) tesla '\(Wb/m)
TIME : k. | » 2
mole mol ‘ ( - CATALYTIC - MAGNETIC INDUCTANCE MAGNETIC
et aonil : ACTIVITY FLUX FLUX DENSITY
AMOUNT OF -
SUBSTANCE “coulomb, Wk, (W/A)
ampere A -
= : [ SaeE ELECTROMOTIVE
ELECTRIC CURRENT \ : CHARff ----- FORCE
: ) ohm o~ (V/A) siemens Q)
kelvin [~  Celsius @ i
AN
S ETTTRANIC TEMC;%?A%RE CAPACITANCE RESISTANCE CONDUCTANCE
IEMEERAIURE - U°C=T/K-273.15
candela z
cd © lux (Im/m?)  lumen (Cd sr) S‘e'a'd.a“GD(mI/m? 1) .(m/m 1)
LUMINOUS INTENSITY i o
ILLUMINANCE LUMINous SOLID ANGLE PLANE ANGLE
FLUX

Figure2: Sl Unitxourtesy of NIST

Calibration is the comparison of an unknown (typically referred to as the Unit Under Test or UUT) to a
device known within a certain error (typically referred to as the Calibration Standard or Reference Standard)
to characterizéhe unknown.Therefore, foce calibrationrcomparesa force instrument to a force reference
standard to characterize the instrument.
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Why isForce Measurementimportant?

The most straightforward answer is that bridges and other objects do not collapse when forces are exerted
upon them. When building a bridge, it is essential to get the concrete strength measurement correct. It is
essentiako make sure the steel is testeand the cables arappropriatdy checked for prestress or pest
tension. When these measurements are not doneectly, bad things happen, as shown below.

Figure3: Bridge Failure

In the example below, the ripeness of apples is being checked. Why may that be important? If you are in
California and want to distribute apples across the coyrthe harder ones wilastlonger and ripen during
shipment. In contrast, the softer ones might be distributed locally.

Figured: Testing Apple Ripeness

The example below shows the fishing line being tested. | am sure any fisherman would not want the line to
break as theyaulin their prized fish.
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Figureb: Testing Fishing Line

In general, the measurement of force is performediquently that we tend to take it for granted.

However, émost every material item is tested using some form of traceable force measureifestiting

may vary from sample testing on manufactured lots and might include anything from the materials used to
build your house to the cardboard on that toilet paper roll.

How a Transducer Measures Force

What is a Transducer?

In the broad sense of the term, a transducer is a device that turns one type of energy into another type
Some examples are:

s
.

ANNYATY

I yamod s

Figure6: A Battery is a Transducer

1. A battery is a transducer that converts chemical energy into electrical energy. The chemical
reactions involve electrons' flow from one material to another through an external circuit
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Figure7: AThermometeris Transducer
2. Athermometer is a transducer that converts heat energy into the mechanical displacement of a
liquid column As the temperature around the bulb heats up, the liquid expands and rises

Figure8: A Load Cell is a Transducer

3. Aload cell is a transducer that converts mechanical energyeietdrical sighalsAscompressive or
tensileforce is exerted on a load cefie mechanical energy is converted into equivalent electrical
signals

How a load cell measures compression and tension force

As force is exerted on a load cell, the material deflects. The deflection is typically measured by a strain
gauge, which is placed on the material inside the load cell.
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Figure9: Strain Gauge

When placed appropriately, the strain gauge will measure the change in resistance as force is &pelied.
idealload cell only measures force in defined directions and ignores force components in all other
directions.Approaching the ideal involves optimizing many design chgicelsiding the mechanical
structure, the gage pattern, placement on the gages, and the number of gages.

A meter or indicator displays the force measurement value when hooked up to a loadlloalll cell may
be calibrated at a company like Morehouse using deadweight primary standards kndemvithin 0.002
% of applied force.lle machine's deadweights are adjusted for local gravity, air density, and material
density to apply the force accumty. The weights are used to calibrate the load,aellich may be used to
calibrate and verify a testing machine.

Compression and Tension Force Calibration
Thissectioncoversthe terms compression and tension and how they relate to force calibration.
What is aCompression Calibratioh

When discussing compression calibration, we should think about something being compressed or
something being squeezed. | like to describe coeapion calibration as pushing or squeezing something.
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Compression calibration can be thought of as compressing or pushing

Figurel0: Compression Calibration Examples

Above are two examples of a compression setup in a calibrating machine. The machine on the left is
compressing both load cells by creating an upward force. The picture on the right is a compression setup in
the deadweight machine where a downward force qoesses the load cell.

The key to this type of calibration is making sure everything is aligned and that the line of force is as straight
as possible. | like to say free from eccentric or side forces. The key to proper alignment is using the right
adaptes in the calibrating machine, from alignment plugs to top adapters.

Morehouse has a technical paper mcommended compression and tensiadaptersfor force
calibrationthat can be found on ouwvebsite

What is aTension Calibratiofd

When discussing tension calibration, we should think of something being stretched. | like to describe
tension calibration as a pull.

ForceCalibrationfor TechniciansTopConditionsMethods,and Systemghat ImpactForceCalibrationResultsv/
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Tension calibration can be thought of as pulling or stretching the
material

Figurell: Tension Calibration Examples

Above are multiple examples of tension setups in catibg machines. The machine on the left is the
Morehousebenchtop calibrating machiné\ dynamometer is fixed to a stationary beam, and force is
generated by pulling on the load cell and the dynamometer. More examples are shown with different
instruments, from crane scales to hahéld force gauges. Thegure on the right shows a load cell fixtured
for tension calibration in a Morehousteadweight machineThe load cell is fixtured to the frame, and the
weights are applied and hung, which stretches the material. The key to getting great results in tension
calibration is also adapters.

The ISO 376 Annex gives excellent guidance on adapters that help keep the line of forcespates It
dLoadingfittings should be designed in such a way that the line of force application is not distorted. As a
rule, tensile force transducers should be fitted with two ball nuts, two ball capd, if necessary, with two
intermediate rings, while compressive force transdscghould be fitted with one or two compression
padsé? Morehouse follows the 1ISO 376 standard for several of our products. We also design adapters to
help technicians and endsers to replicate and reproduce calibration results.

Calibration versus Verifiation

Calibration and verification are not the same. This section desdtieedifferences between calibration and
verification

What is aCalibratior?

Let me start by stating that there are sevetalibration definitionsacross multiple standards. My favorite
definitions are below

Calibration is the comparison of an unknown (typically referred to as the Unit Under Test or UUT) to a
device known within a certain error (typically referred to as the Calibration Standard or Reference Standard)
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to characterize the unknowrthus, ve are omparing something that we know to some degree of certainty
to something that may not be known or that needs to be checked at a time interegistare drift and

other characteristics are kept under contrdhus, m simple terms, calibration can be thougif as

validation

S N C dMershouse
Calibration Defined per VIM 2.39

P Operation that, under specified conditions

» in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by
measurement standards and corresponding indications
with associated measurement uncertainties and,

» in a second step, uses this information to establish a
relation for obtaining a measurement result from an
indication

MOTE 1 A calibration may be expressed by a statement, calibration funcfion,
calibration diagram, calibration curve, or calibration table. In some cases, it may

consist of an additive or mulliplicative correction of the indication with associated
measurement uncertainty.

MOTE 2 Calibration should not be confused with adjustment of a measuring
system, often mistakenly called “sel-calibration”, nor with verification of calibration.

Figurel2: Calibration Definition

The definition from the International Vocabulary of Metrology (VIM) in section 2.39 is interesting in that
many people assume calibration is also an adjustment. It is netVIM isclearin Note 2, stating,
"Calibration should not be confused with a measuring system, often mistakenly calleddlgaiation,” nor
with verification of calibration.” Think about it this way; when you send most instruments to a National
Metrology Institute such as NIST, they will only report the value of the device at specific points and the
associated measurement uncertainties. Why? Because thausadcan take those values and use those
values with the associated measurement uncertaintiea atarting point to characterize whatever is being
tested. Measurement uncertainty will be explained in the next section.

When an eneuser uses a calibrated device, it is often under different conditions than when it was

calibrated. For example, if Morehee calibrates a device in one of our deadweight machines known to

better than 0.002 % of applied force, and the amkr later uses this device, then the conditions will vary. It

is almost certain that their use conditions do not replicate those exaétilyeolab performing the

calibration. For example, the temperature, rigidity of the machine, and hardness of adapters could vary, and
their machine could introduce torsion, etc. These are only a few of several conditions that can impact the
results.

I like to explain that Morehouse calibrates the device and assigns a value that can be considered the
expected performance of the device under the same conditions at which it was calibrated. Fheexnd
then varies those conditions, which adds additional measient uncertainty. Therefore, the engser can
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use the calibration data as a starting point to evaluate their measurement uncertainty.

What isVerification?

The VIM in section 2.44 defines verification as the provision of objective evidence thahatgmeulfills
specified requirements. Then the VIM goes on to list several additional examples:
1 Example 1: Confirmation that a given reference material as claimed is homogeneous for the
guantity value and measurement procedure concerned, down to a areagent portion having a
mass of 10 mg.

1 Example 2: Confirmation that performance properties or legal requirements of a measuring system
are achieved.

1 Example 3: Confirmation that a target measurement uncertainty can be met.

Note 1: When applicable, meagment uncertainty should be taken into consideration.

Note 2: The item may be, e.g., a process, measurement procedure, material, compound, or measuring
system.

Note 3: The specified requirements may be, e.g., that a manufacturer's specificationstare me

Note 4: Verification in legal metrology, as defined in VIML [53], and in conformity assessment in general,
pertains to the examination and marking and/or issuing of a verification certificate for a measuring system.
Note 5: Verification should nobe confused with calibration. Not every verification is a validation.

Note 6: In chemistry, verification of the identity of the entity involved, or of activity, requires a description
of the structure or properties of that entity or activity.

For example, 40,00Gloadcell, like the one shown below, is submittedMmrehouse,and found to be

within £ 5 Ibf, as per the customer's required tolerance of 0.05 % of full.scale

Mo efrotde

Figurel3: Morehouse UltraPrecision Load Cell

In this scenario, verification is more of a conformity assessment and should not be confused with
calibration. However, many commercial laboratories perform a calibration by reporting the applied force
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and the device's corresponding measurement values&ibration. Then they make a conformity
assessment, which is a statement to the arskr that the device isither in or out oftolerance.They
typically say a device passes calibration or it fails calibration

The critical detail here is thaeasurenent uncertainties must be reported to ensure measurement
traceability Youshould notperform a calibration with a statement of verification without reporting the
measurement uncertainty. That uncertainty should be considered when making a statement of
conformance to a specification

Therefore, these definitions and examples show how calibration and verification are not the same.

Measurement Uncertainty
What isMeasurement Uncertainty

What measurement uncertainty is not is an erronderstanding the difference between these two terms is
imperativeas they are often confused. Error is the difference between the measured value and the device's
actual value or artifact being measuremeht.many cases, we try to correct the known errors by applying
corrections sometimes from the calibration certificate. These corrections can be a curve, a diagram, a table,
all items found in note 1 of the calibration definition from the VIM.

Uncertainty often referred to as 'doubt," is the quantification of 'doubt' about the measurement result. The
VIM in section 2.26 defines uncertainty as a sm@gative parameter characterizing the dispersion of the
guantity values being attributed to a measurand, bdes the information used. The VIM goes into further
detail with several notes about the included components of measurement uncertainty, such as those arising
from systematic effect, components associated with corrections, assigned quantity values ofeneaisiu
standardsetc. Measurement Uncertainty compromises many components.

OIML G 19:2017 sums the definition of uncertainty as "the concept of measurement uncertainty can be
described as a measure of how well the 'true’ value of the measurand is letliewe known."

One ofthe bestguidesto Uncertainty is JCGM 100:2008 Evaluation of measurementtda@aide to the
expression of uncertainty in measuremefiee to downloadat
https://www.bipm.org/en/publications/guides/qum.html

In general, when you calculate measurement uncertainties following 1ISO "Guide to the Expression of
Uncertainty in Measurement” (GUM) atidAC (International Laboratory Aeditation Cooperation-14 as
required by ISO/IEC 17025 guidelines, you will need to consider the following:
1 Repeatability (Type A)
Resolution
Reproducibility
Reference Standard Uncertainty
Reference Standard Stability
Environmental Factors

= =4 =4 - =4
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Morehouse has written several published documents on the topic of measurement uncertaiaty.
have created a spreadsheet tool to help everyaoerecty calculate uncertainty for forcellowing
accreditation requirements and in line with JCGM 100:2008t tool can be found at
https://measurementuncertainty.info/

Why is Measurement Uncertainty Importar®

The uncertainty of the measurement is required torbported on a certificate of calibrations if you are
accredited to ISO/IEC 17025:2017, as well as several other standards. It is essential if your customer may
want you to make a statement of conformance on whether the device or artifact is in toleramge. dt

may need to be considered if you do a test and want to know if the device passes or fails. Measurement
Uncertainty is required to establish your measurement traceability, which is defined inlthasvproperty

of a measurement result whereby thiesult can be related to a reference through a documented unbroken
chain of calibrationsontributing to the measurement uncertainty

Measurement Traceability and Uncertainties

Typical Metrological Traceability Uncertainties for Force Measurements

Traceable to SI through a National Metrology
Institute (NMI) recognized under the CIPM MRA

v <

1
‘ National Metrology H
Institute (NMI)
Measurement 3 Typical Uncertainties for Force Measurement k =1
= - b 9
Uncertainty Data Primary Reference Laboratory ;/IIST 0'0004_ 0060000085 ;’
is cumulative Morehouse Instrument Company orehouse =0. o

Accredited Calibration Supplier = 0.02 %
Working Standards =0.1%
Field Measurement = 0.5 %

from one level of
hierarchy to
another!

Accredited Calibration
Service Supplier

Figurel4: An Example of Measurement Traceability for Force

In simplistic terms, measurement uncertainty is crucial because you want to know that the laboratory
performing the calibration of your device or artifact can perform the calibration. If you need a device to be
known tobe within less than 0.02 %, you muste a calibration provider that gives you the best chance of
achieving that result. If the calibration provider has a stated measurement uncertainty of 0.04 %,
mathematically, they are not the right calibration lab to calibrate or verify your deviceitacr

Measurement uncertainty also keeps us honest. If a laborattaiynstraceability to Sl through NIST, the
larger the uncertainty becomes, the further away from NIST. The above picture shows this concept as the
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further away from Sl units, theore significantthe uncertainty.

Your Measurement Uncertainty is directly affected by the standards used to perform the calibration
Morehouse offers the lowest uncertainties for a commercial calibration laboratory. We work with
customers to help lower themeasurement risk. We have been successful in helping our customers make
better measurements for over a century.

Morehouse haseveral videos on the topissich as measurement traceability, measurement risk,
andmeasurement confidencéVe havea 6-minute easy to understand video that ties everything
together. Measurement Confidence Video
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Load Cell Terminology

NontLinearity, NorRepeatability, Hysteresis, and S$taError Bandre common load cell terminology
typically found on a load cell specification sheBtere are several more terms regarding the characteristics
and performance of load cellslowever,| chose these four because they are the most common
specifcations found on certificates of calibration.

When lroken out individually, these terms can heglpu select thesuitableload cell for an application.
Some of these terms may ndite as importantoday as theywere years agdecausebetter metersare
avdlablethat overcomeinadequatespecificationsOneexample isNon-Linearity An indicatorcapable of
multiple span points can significantly reduce the impac lofad cell's noHinear behavior.

The meanings for these terms are describedétail below

Model - Capacity (Ibf / kN)
Specifications

Accuracy

Static Error Band, % R.O. +0.02 +0.03 +0,03 +0.03 +0.05 +0.05
Non-Linearity, % R.O. [ +0.02 +0.03 +0.03 +0.03 +0.05 +0.05
Hysteresis, % R.O. | +0.02 +0.04 +0.04 +0.04 +0.05 +0.05
Non-Repeatability, % R.O. +0.005 +0.005 +0.005 + 0.005 +0.005 +0.005
Creep, % Rdg / 20 Min. | +0.015 +0.015 +0.015 +0.015 +0.015 +0.015
Off-Center Load Sensitivity, %/in +0.1 +0.1 +0.1 +0.1 +0.1 +0.1
Side Load Sensitivity, % | £0.1 +0.1 +0.1 +0.1 +0.1 +0.1
Zero Balance, % R.O. +1.0 +1.0 +=1.0 +=1.0 +1.0 +=1.0

Figurel5: Morehouse Load Cell Specification Sheet

NontLinearity: The quality of a function that expresses a relationship that is not one of direct proportion.
For force measurement®on-Linearityis defined as the algebraic difference between the output at a
specific load and the corresponding point on the straigie drawn between the outputs at minimum load
and maximum load. It usually is expressed in units of % of full scale. It is usually calculated betw&&n 40
% ofthe full scale.
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Figurel6: NontLinearity Expressed Graphically

Non-Linearity is one of the specifications that wouldg@ticularly importantf the indicating device or
meter used with the load cell only has a tpoint span, such as capturing values at zero and capacity or
close to capacity. The specification givesehe-user an idea of the anticipated error or deviation from the
best fit straight line. Howevesuppose the endiser hasan indicatorcapable of multiple span points and
uses coefficients from an ISO 376 or ASTM E74 type calibration. In thatheasen-linear behavior can be
corrected,and the errorcan besignificantly reduced.

One way to calculatBlon-Linearityis to use the slope formula or manually perform the calibration by using
the load cell output at full scale minus zero and dividing itdogd applied at full scale and 0. For example, a
load cell reads 0 at 0 and 2.00010 mV/V at 1000 Ibf. The formula would be (2-0pq10000) = 0.002.

This formula gives you the slope of the lasuming a straigHine relationship. There are some
manufactures who take a less conservative approach and use hagder quadratic equations

Pot the Non-Linearitybaseline as shown below using the formula of force applied * slope + Intercept ory =
mx +b. If we look at the 50 Ibf point, this becomes 50 * 0.0020001 +0 = 0.100005. Thus at 5(Nbf}the
Linearitybaseline is 0.100005.

To find theNon-Linearitypercentage, take the mV/V value at 50 Ibf minus the calculated value and divide
by the fultscale output multiplied by 100 to convert to a percentage. Thus, the numbers become ((0.10008
0.100005)/2.00010) *100) = 0.004 %.
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Non-Linearity Calculations Ignoring Ending Zero though Running it through the formula

Non-
Force Appie: Linearity Non-Linearity
(Ibf) Run 1 Adjusted Base line (%FS) Non-linearity Line
0 0.00000 0 0.00C Slope= 0.0020001
50 0.10008 0.1000050 0.004 Intercept= 0
100 0.20001. 0.2000100 0.00C
200 0.40002° 0.4000200 0.00C
300 0.60001. 0.6000300 0.001 Non-linearity=0.004
400 0.80002° 0.8000400 0.001 (%FS)
500 1.0000% 1.0000500 0.00C
600 1.20002 1.2000600 0.002
700 1.40003 1.4000700 0.002
800 1.60004 1.6000800 0.002
900 1.80006 1.8000900 0.001
1000 2.00010 2.0001000 0.00C
0 0.00000 0

Figurel7: NonLinearity Baseline
Non-Linearity Calculations Reducing Ending Zero

Force Appied (lbf) Run 1 Adjusted Non-Linearity Base lineNon-Linearity (%FS) Non-linearity Line
0 =(E7*$K$7+$K$8) =ROUND(ABS(F7-G7)/$F$18*100,3)  Slope= =(F18-F7)/(E18-E7)
50 0.10008 =(E8*$KST+$K$8) =ROUND(ABS(F8-G8)/$F$18*100,3)  Intercept= 0
100 0.20001 =(E9*$K$7+$K$8) =ROUND(ABS(F9-G9)/$F$18*100,3)
200 0.40002 =(E10*$K$7+$K$8) =ROUND(ABS(F10-G10)/$F$18*100,3)
300 0.60001 =(E11*$K$7+$K$8) =ROUND(ABS(F11-G11)/$F$18*100,3) Non-linearity=
400 0.800015 =(E12*$K$7+$K$8) =ROUND(ABS(F12-G12)/$F$18*100,3) (%FS) =MAX(H7:H19)
500 1.00005 =(E13*$K$7+$K$8) =ROUND(ABS(F13-G13)/$F$18*100,3)
600 1.200015 =(E14*$K$7+$K$8) =ROUND(ABS(F14-G14)/$F$18*100,3)
700 1.400025 =(E15*$K$7+$K$8) =ROUND(ABS(F15-G15)/$F$18*100,3)
800 1.60004 =(E16*$K$7+$K$8) =ROUND(ABS(F16-G16)/$F$18*100,3)
900 1.80006 =(E17*$K$7+$K$8) =ROUND(ABS(F17-G17)/$F$18*100,3)
1000 2.0001 =(E18*$K$7+$K$8) =ROUND(ABS(F18-G18)/$F$18*100,3)
=(

E19*$K$7+$K$8)

Figurel8: NontLinearity Calculations

Hysteresis The phenomenon in which the value of a physical property lags changes in the effect causing it.
An example is when magnetic induction lags the magnetizirwg fé-or force measurementdysteresis is

often defined as the algebraic difference between output at a given load descending from the maximum
load and output at the same load ascending from the minimum load.
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Figurel9: Hysteresis Example

Hysteresis is normally expressed in units of % full scale. It is normally calculated betwdEn4a®f full
scale. The graph above shows a typigdteresis curve where the descending measurements have a
slightly higher outputhan the ascending curve.

If the enduser uses the load cell to make descending measurements, then they may want to consider the
effect ofHysteresis.

Errors from hysteresis can be high enough that if a load cell is used to make descending measurements,
then it must be calibrated with a descending range. The difference in output on an ascending curve versus a
descending curve can lsignificant For examplean exceptionally gooMorehouse 100K precision shear

web load cell had an output 62.03040 on e ascending curve an@.03126 on the descending curve.

Using the ascendingnly curve would result in an additional error of 0.042 %.

At Morehouse, our calibration lab sampled several instruments and recorded the following differences

Load Cell Manufacturer (names removed) 1 P 3 4 5 5 3 4
Ascending Output 50 % Force Point| 1.49906 | 1.20891 | -2.0304 24990 -5.18046 | -2.49899 | -2.0886 | -2.15449
Descending Output 50 % Force Point] 1.49947 | 1.21022 | -2.03126 25020 -5.18265 | -2.50103 | -2.08846 | -2.15579
Difference | 0.027% | 0.108% | 0.042% 0.120% 0.042% | 0.082% | 0.007% | 0.060%

Figure20: Errorsfrom Hysteresis

Load cells from five different manufacturers were sampled, and the results were recorded. The differences
between the ascending and descendpjntsvaried from 0.007 % (shear web type cell) to 0.126%a

column type cell On average, the difference was approximately 0.06 %. Six of the seven tests were
performed using deadweight primary standards, which is accurate within 0.0016 % of the applied force.
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Non-Repeatability The maximum difference between outpwadings for repeated loadings under

identical loading and environmental conditiorgstally, this is expressed in units as a % of rated output
(RO). Nofrepeatability tells the user a lot about the performance of the load cell. It is important to note
that non-repeatability does not tell the user about the load cell's reproducibility or how it will perform
under different loading conditions (randomizing the loading conditionsMd@tehouse, we have observed
numerous load cells with good naepeatability pecifications that do not perform well when the loading
conditions areandomizedpr the load cell is rotated 120 degrees as required by ISO 376 and ASTM E74.

The calculation on nerepeatability is straightforward. Firstompare each observed force ipts output
and run a difference between those points. The formula would look like this:r&meatability = ABS(Runl
Run2)AVERAGR(@Nn1, RuB, RumB) *100. Do this for each combinati@mn runs,and then take the
maximum of the three calculations.

non-repeatability calclulations

Run 1 Run 2 Run 3
4.0261. 4.02576 4.025549

Difference b/w 1 &

2 Difference b/w 1 &  Difference b/w 2 &
(%FS) (%FS) (%FS)
0.0084 0.0127 0.0042
Non-Repeatability (%FS)= 0.013

Figure21: NonRepeatability Numbers
non-repeatability calclulations

Run 1 Run 2 Run 3
4.0261 4.02576 4.02559

Difference b/w 1 & 2 Difference b/w 1 & 3 Difference b/w 2 & 3
(%FS) (%FS) (%FS)
=ABS(U4-V4)/AVERAGE($U$4: $W$4)* 08B S (U4-W4)/AVERAGE($US4: $W$4)*18BBS (W4-V4)/AVERAGE ($US4: $W$4) *

Non-Repeatability (%FS)= =MAX(U9:W9)
Figure22: NonRepeatability Calculations

Static Error BandThe band of maximum deviations of the ascending @estending calibration points
from a bestfit line through zeroutput. It includes the effects dfion-Linearity Hysteresis and nonreturn
to minimum load It usually issxpressed in units of & full scale
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Figure23: Static Error Band and Other Specifications Displayed Visually

Because of what it captureStaticerror band might be the mostexcting term. If the load cell is always
used to make ascending and descending measurements, this term best describes tbellleattuakrror
from the straight line drawn between the ascending and descending curves. Endted thatthe end

user might want to consider the effects ldfsteresis unless thayse the load cell described above because
static error band would & the better specificationThe eneuser could likely ignorBlon-Linearityand
Hysteresis and focus agtatic error band as well as nerepeatability.

However, we find that many calibration laboratories primarily operate using ascending measurements and
on occasiopmay havearequeg for descending data. When that is the case, the user may want to evaluate

NontLinearityand Hysteresis separately. When developing an uncertainty budget, use different budgets for
each type of measurement, i.e., ascendingl @escending.

What needs to be avoided is a situatishere aload cell ialibrated following a standard such as ASTM

E74or ISO 376and additional uncertainty contributors fdYon-Linearityand Hysteresisare added ASTM

E74 has a procedure and caltivns that, when followed, uses a method of least squares to fit a

polynomial function to the data points. The standard uses a specific term called the Lower Limit Factor (LLF),
which isa statistical estimate of therror in forces computed from a foremeasuring instrument's

calibration equation when the instrument is calibrated following the ASTM E74 practice.

To learn more about load cell creep, check out lolag.
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Types of Load Cells

It isessentiato understand the common types of load cells used in force measurementrercdcyour
application'ssuitableload cell.

The four types of load cells typically used in faresasurement are bending beam, shear beam, miniature,
and column. We are going to describe the common types we see used as reference and field standards
below. Many other load cellare shown in more commercial applicatigrsich as scales used at
supermarlet checkouts, weight sensing devices, weighing, and other scales

Bending Shear Miniature Column
Beam Beam
: / -
Single point Shear . %
weighbeam pancake Diaphragm Single
Column
= |
e
Bending Clevis Pin Bt ===
Beam eam :
Multiple
=0 .———.——-— Column
G _— % =y
Donut e
Column Donut
Cannister
S Type

Figure24: Types of Load Cells

Sbeam (Stype)

The Sbeam is a bending beam load cell that is typically luseteighing applicationsnder 50Ibf. These
load cells work by placing a weight or generating a force on the lods wwdtal spring elementvhich
causes elastic deformation. The strain gauges in the load cell measure the fractional chitwederigth of
the deformation. There are generally fostrain gauges mounted in the load cell.

ForceCalibrationfor TechniciansTopConditionsMethods,and Systemghat ImpactForceCalibrationResultsv/

102023 Author:HenryZumbrun MorehousédnstrumentCompany Page2s



Morehouse Instrument Company
0440/1/@/&04%49 o adn:
York, PA 17403-2675

(717) 843-0081

[THE FORCE IN CALIBRATION SINCE 1925]

Figure25: SbeamlLoad Cell
Advantages
1 In general, linearity will be enhanced by minimizing the ratio of deflectidheatated load to the
length of the sensing beam, thus minimizing te&nge in the shape of the element.
9 Ideal for measuring small forces (underlbf) when physical weights cannot be used.
9 Itis sited for scales or tension applicatians

Disadvantages
1 The load cell is susceptible to -@fkis loading.
1 Compression outputvill be different if theloadcell is loaded through the threads versus flat against
each base
1 Typically, not the right choice for force applications requiring calibration to the following standards
ASTM E74, ASTM E4, ISO 376, and ISO 7500.

Watch thisvideodemonstrating tle misalignmentue to offaxis loading.

Shear Web

The shear web is a shear beam load cell thatdalias acalibrationreference sandard up to 100,000bf.
Morehouseshear web load cellgre typically the most accurate vam installed on a tapered base with an
integral threaded rod installed.
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Figure26: Morehouse UltraPrecision Shear Web Load Cells
Advantages
1 Typically have very low creep and are not as sensitive taxi$floading as the otherad cells.
1 Recommended choice for force applications from 100 Ibf through 100,000 Ibf

Disadvantages
9 After 100,000 Ibf, the cell's weight makegiceedingly difficulto use as a reference standard in
the field. A 100,000 Ibf shear web load cell weighs approximatellg.5and a 200,000 Ibf shear
web load cell weighs over 120 Ib.

Waitch thisvideo showinga Morehouse load cell witbnly 0.0022 % oféixis error If this load cell is
used without a base or an integral top adapter, there may be significant errors associated with
various loading conditions.

Button Load Cell
The button is a miniature load cell that is typically usdwn space is limitedt is acompact strain gauge
based sensowith aspherical radiushat isoften used in weighing applications.

Figure27: ButtonLoad Cells
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Advantages
9 Suitable for applications whetere is minimal room to perform a test.

Disadvantages
9 High sensitivity to offixis or side loading. The load cell will produce high errors from any
misalignmentFor example, 8.1 % misalignment cgproduce ssignificantcosine error. Some have
errors anywhere from 1 %10 % of rated output

1 Do not repeat well ithe rotation.
. e

Figure28: Button and Washer Load Cell Adapters

Morehouse has developed custom adapters for battwasher, and donut load cells that improve
repeatability We achieved a 525 % improvement in our testiisgng the above adapters. If your laboratory
calibrates these types of load cells and observes the same repeatability problems, please contact
Morehouse as the above adapters will improve the calibration results.

Morehouse has developed custom adaptersiatton, washer and donut load cells that improve
repeatability.We achieved a 525 % improvement in our testisgng the above adapters. If your
laboratory calibrates these types of load cells and observes the same repeatability problems, pl
contact Morehouses the above adapterwill improve the calibration results.

SingleColumn or HigkStress Load Cells

Thesingle columns a column load cell that is good for general testing. The spring element is intended for
axial loading and typically has a minimum of four strain gauges, with two in the longitudinal direction. Two
are oriented transversely to sense the Poisson strllie Morehouseinglecolumn load celis economical

and lightweight.
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Figure29: Morehouse Single Column Load Cell

Advantages
1 Physical size and weight: Itdsmmonto have a 1,000,000 Ibf column cell weigh less than 100 Ib.

Disadvantages
1 Reputation for inherenNonLinearity This deviation from linear behaviorasmmonly ascribed to
the change in theaumn's crosssectional areddue to Poissaos ratio), which occurs with
deformation under load.

1 Sensitivity to oficenter loading can be high.

91 Larger creep characteristithan otherloadcells often do not returrto zerg as well as otheload
cells. (ASTM Method A typically yields larger LLF)

9 Different thread engagement can change the output.

1 The design of this load cell requires a top adapter to be purchased withriting the hardness of

the top adapter wilchange the output.

Multi-Column Load Cells

The multicolumncolumn load celis good from 100,000 Ibf through 1,000,000 plus Titfe load is carried

by four or more small columns in this desigach with its complement of strain gauges. The corresponding
gauges from all the columns are connected in a series in the appropriate bridge arms. The Morahtiuse
column600K load cell weighs 2i7. and has an accuracy of better than 0.02 % of full scale.

Figure30: Morehouselight Weight 600k (26 [ulti-Column Load Cell
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Advantages
1 It can be more compact thasinglecolumn cells
9 Improved discrimination against the effects of-aifis load components.
1 Typically have less creep and better zero returns than sioglemn cells.
1 In many cases, a properly designed sh@ab spring element caoffer greater output, better
linearity, lower hysteresis, and faster response.

Disadvantages
9 The design of this load cell requires a top adapter to be purchased withriting the hardness of
the top adapter will change the output.

Several more typesf load cells have various advantages and disadvantéfgee type of load cells
you commonly use is not coverezhntact usandwe will be happy to discusthe advantags and
disadvantagebased on our experience

Why are you so
stressed out?

| was
overloaded
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Load Cell Troubleshooting

Have you ever wasted hours troubleshooting a nonworking load cell to diagnose the prdblgu?eal

with load cells, yoknowhow muchof atime suck they can be whehey arenot working correctly. This
section is designed to save you or your techmisigaluable time by following an easy sexst@p
troubleshooting guide. The time saved canlddemeficialto get more calibrations done or spending more
time getting the measurements correct by using the proper setups, adapters and understanding how to
replicate how the eneuser uses the device.

7-Step Process for Troubleshooting a Load Cell

Morehouse technicians have seen many different load cell issues and have lots of experience identifying
and fixing the problems. With this experience, we develop&dstep Procedsr Troubleshootingi Load

Cellto shorten our calibration lead time (most calibrations are performed-laisiness daysind provide
better customer service

1 2 1. Check Connections
Visual No Does it power No 2. Check Batteries Does it power No | contact Morehouse
Damage on? 3. Check Voltage on? to discuss options
4. Check Current
Yes
Yes Yes
Unthread adapters
Contact and try again
to discuss options Mo
3 4 ves
=2 No #m adap Are adapters Yes | contact
mechanically? out? integral? to discuss options
5 No
Connect wires to Yes
cell and meter
Are all wires.
e 5 connected to
cell and
meter?
Yes
Replace meter or
1. Inspect cable for breaks by Contact Morehouse rewire cable
Check the cable with |, % e No | bending every foot. to discuss options
another load cell common 2. Pin each wire to check for
the 7
system? continuity.
Yes
1. Verify pinout to meter
Replace cable 2. Check meter with load cell
tester

Figure31: Load Cell Troubleshooting Process

This #step process outlined above can help ygave countleshours trying to diagnose the problem with
your load cell.

1. Visually inspect the load cell for noticeable damage. If it is damaged, contact Morehouse to discuss
options.
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Figure32: Overlbaded Load Cell

2. Power on the system. Make sure all connections are made and verify batteries are installed and
have enough voltage&Checkthe voltage and current on the power supply it still does not power
on, then replacehe meter. An inexpensive multimeter like the one pictured below can be used for
Steps 26, and 7.

Figure33: Multimeter

3. If everything appears to be working, the output does not make setseck for mechanical issues.
Forexample, eme load cells have internal stops that may cause the output to plateau. Do not
disassemble the load cgdis it will void the manufacturer's warranty and calibratidihe best
example of this error is that the load cell is very linear to 90 gapécity. Then either the indicator
stops reading, or the output becomes severely diminisfidae data wilshowpoor linearity when
using 100 % of the range aimtredibly goodinearity when only using the data set to 90 % of the
range. Morehouse carkkly fix this error and should be contacted for more information.

4. Make sure any adapters threaded into the transducer are not bottoming out. If an adapter is
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bottoming out and is integral, then contact Morehouse to discuss options.

Check and make sure theads (all wires) areorrecly connected to the load cell and meter. If the
cable is common to the system, check another load cell and verify that the other cell is working
correcty. If the other load cell is not working, then contact Morehouse to dis@ptions.

Inspect the cable for breaks. With everything hookedpmpceed to test the cable making a
physical bend every fooRin each connection to check for continuity of the cable.

Use a load cell tester or another meter to check the load cells zelance. If you do not have a
load cell testeryou can check the bridge resistance with an ordinary multimeter. A typical
Morehouse shear web load cell pins (A & D) and (B & C) should read about 350 OHMS + 3.5. If one
set reads high and another low (€A & D) reads 349 and (B & C) reads 354), then there is a good
chance that the load cell was overloaded

Note: Different load cells use different strain gauges and have different resistance values. It is essential to
check with the manufacturer on whétey should read and the tolerance.

Figure34: Inside of arOverloadedShearWeb Load Cell Showing aQear ‘Break of theWeb Hement

Diagnose with a load cetester.

A Morehouse load cell tester can be used to test forftiwing:

= =4 =4 =4 -4 -4 =9

Input and Output Resistance

Resistance difference between sense and excitatads.
Signal Output

Shield to Bridge

Body to Bridge

Shield to Body

Linearity
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Figure35: Morehouse Load Cell Tester

Watch thisvideoshowing how the load cell tester works.

Overloaded load cell

It is mportantto note that f aload cell has been overloaded, mechanical damage has been done that is not
repairable. Overloading causes permanent deformation within the flexural element and gauges, which
destroys the carefully balanced processiihile it is possible to electricaltg-zero a load cell following
overload, it is not recommended because this does nothing to restore the affected performance parameters
or the degradation to structural integrity.

Morehouse stocks common capacity load cafismost equipment is availabia 1 week with
calibration performed using deadweight primary standai@srter lead times are available upon
request andMorehouse always aims to provide superior customer suppdsitmhforce.com/load
cels/ for more informationon ourwide selection of load cells
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Indicator Basics

Figure36: Morehouse High Accuracy Digital Indicator (HADI)

When force is exerted on a load cell, tmechanical energy is converted into equivalent electrical signals.
The load cell signal is converted to a visual or numeric value by a "digital indicator.”" When there is no load
on the cell, the two signal lines are at equal voltage. As a load is applibd tell, the voltage on one signal
line increases very slightly, and the voltage on the other signal line decreases very.slightly

The indicator reads the difference in voltage between the two signals that may be converted to engineering
or force unis. Several types of indicators aaailable, and they have different advantages and

disadvantages. The decision for which indicator to use should be based on what meets your needs and has
the bestNon-Linearityand stability specifications.
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Figure37: Morehouse 4215 High Stability Indicator
Non-linearity and uncertainty specifications

The specification that most users look for in an indicatddas-Linearity The better theNon-Linearityis,
the less the indicator will contrilia to the system uncertainty.

Some indicators on the market may specify accuracies in ternie @iercentage of reading. Although
these may include specifications such as 0.005 % of reading, they can cause negative impacts on the
system's uncertainty.fie problem is that the resolution or number of digits may be such that the
specification will not be maintained. Morehouse has a high stability 4215 indicator pictured above with
0.002 %NontLinearityspecification. The Morehouse 4215 meter will displayfap decimals in mV/V,
which equates to a resolution of between 200,000 to 400,000 counts on the most common load cells.

In other cases, the indicator may require adjustment at various span points to adhieMenearity

between span points that theyre substituting an overall accuracy specificatibhepurpose of multi

spanning the range in an indicator is to divide the sensor output range into smaller segments and reduce
NontLinearityerrors. However, accuracy claims can be questionable. Ensueetheacy specification
includes stability over time, repeatabilitijon-Linearity temperature characteristics, and consideration of
the resolution or avoid this type of indicator.

Nortlinearity errors in a load system can be drastically reduced by:
1 Empbying the right calibration and measurement process
9 Pairing a highly stable indicator to the load cell
1 Having the system calibrated to highly accurate standards such as Primary Deadweight Standards
1 Using ASTM E74 or ISO 376 calibration coefficients to convert load cell output values into force
units.

Better linearitycan be achieved using a Morehouse HADI or 4215 indicators in conjunction with the
Morehouse calibration software, which is includedhthe indicator. When comparingon-Linearity the
HADI has better than 0.002 % of full scale, the 4215 has better than 0.005 % of full scale, and the PSD has
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better than 0.005 % of full scale.

Stability and drift

This characteristic is often more dffilt to quantify on norhigh-end multimeters. Some indicators will
specify thermal drift, longerm stability of zero, and some actual stability per range. The indicators often
over $10,000 will fall into specifying drift at different intervals sucB@days (about 3 monthgnd one
year. Most indicators under $2,500 are not going to address 90 daygearistability specifically. Stability
can be monitored and maintained by a load cell simulator. However, a user can choose to live with the
entire sysem drift of the load cell and indicator combined.

The $10,000 plus indicators from Agilent, Keysight, and Fluke win in this category, but these are not
portable and are often overkill for general application force systems. The MorehousewithDhe long-
term stability of zero at 0.0005 %/year at room temperattisean excellent choice for under $1,000.00.

Resolution

If youusethe indicator as a field system, a stable resolution of greater than 50,000 counts over the load
cell's output range will allow higherder fits. It is also desirable for ASTM E74 calibrations because a
higherorder fit will generally yield a Lower Linfkiactor (LLF) and better Class AA and Class A loading ranges.
An excellent indicator to pair with your reference standard to calibrate other load cells is the Morehouse
HAD] as it can display 80000 mV/V stable to within 0.00001 mV/V on a good load €ak. Morehouse

4215 is the next best choice as it is typically stable to within 0.00002 mV/V.

Number of span points

This assumes you require the actual display to read in engineering units and are not okay with 4.00001
mV/V representing 10,000.0 force tmsuch as Ibf or kN. If you want the indicator to read 10,000.0 when
10,000.00 is applied and do not want to use a computer for the physical display, then the Morehouse 4215
with multiple span points and store coefficient files is an excellent choice.
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C705P
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Fgure 38: MorehouseC705Rndicator

Another excellent option is the Morehouse C705P. The indicator comes standard with i to 7
linearization option and the ability to use coefficients. We recommend using the coefficient function
because as the system drifts, so will the readings.

Therefore, 10,000.0 today may equate to 10,000.9 in a year. If coefficients are used, we would report the
values in mV/V and reprogram based on mV/V internally. The only downsids théhunits needa be

toggled between mV/V and force units, as only one can be displayed simultanedimyMorehouse 4215
Plus can use calibration coefficients and display both mV/V and force units simultaneously, or the
Morehouse 4215 and HADI with the software woulsbavork if one would want drift corrected at the time

of calibration.

Environmental conditions

Specifications such as temperature effect on zero and temperature effect on span indicate the
environmental effects. The Morehouse HADI is excellent in this category, with a typégadm per degree
Kelvin and a max of 2 ppm.

Four or six wire sensing

Cableresistance is a function of temperature and length.-fife system will have additional errors from
temperature changes and from using different length cables. In most gas®sging a cable will require
calibration, while a @vire system will runense lines separate from excitation and eliminate the effects due
to these variations. The Morehouse 4215 and HADI are betirésystems.
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To learn more about the difference between avite and 6wire system, read thiblog.

Required load celbutput.

Some indicators cannot handle load cell output above 2.5 mV/V, creating problems with 3 mV/V and 4
mV/V load cells. Morehouse indicators such as the PSD, HADI, and 4215 handle loathaaliputiup to

4.5 mV/V.

Figure39: Morehouse PSD Indicator

Ease of use
This is a preferencbased consideration. Some eagkuse examples are eliminating the need for a

computer or power supply. Or not having to use ldéables and merely pushing the spacebar for the
computer to grab readings. If you want something simple that does not need a powettlefSD is the
winner. The HADI is the winner if you want a portable system that could run on laptop power and capture

readings
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Figure40: MorehouseG501Hndicator

If one can use a power cord and wants a bit more in terms of span points, less cost, and less portability, we
have aG501FRndicator that provides a simple solution for one compression and tersioa load cell.

Multiple span pointgan be programmed togj closer to the nominal value. This meter is a direct

replacement and upgrade over other meters on the market

Ruggedness

The Morehouse HADB501F and PSD are enclosed and more durable than the 4215. The PSD, Admet, and
G501Fwould be the hardest tdreak physically and would be the best choice for a very rugged

environment where a computer cannot go.

The rumber of load cell channelsequired.

If you want to use several load cells on the system, the Morehouse 4215 or HADI can be used. If the
requirement is to set eaclbbhannelup to multiple span points, then the 4215 or the Morehouse/Admet
Indicator would win.
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Excitation voltage
Some users mayeedto change the excitation voltage or have a specific requirement for a 10V dc
excitation to be appliedo the sensor. In this scenario, the Morehouse 4215 is the only choice.

Choosing the right indicator is many times a matter of personal preferences. The HADI indicator comes first
for several selection criteria, but these may not be the criteria that evdtir your individual needs. Choose

the indicator that meets your needs with the béébn-Linearityand stability specifications. If you need a
rugged, batterypowered indicator with at least 50,000 counts of resolution, a PSD is an excellent choice.
TheHADI may make the most sense if you need a stable system and can carry a laptop wWHimagiby if

you need a system where you must have a live display, use a computer, and need a 10V excitation source,
4215 would be a great option.

The topics covereih this sectim cover the basicaboutselecting the right equipment arichowing the
proper terminologythe next section will cover more advanced applications.

Force Calibration System Accuracy

AtMorehouseg S ' NB FTNBIljdzSyidte a]SR o2dzi ! OOdzN» Oesx Al
GKAE aéaiasSy @&2dz 27T iSdNduld BeMd endy Huedian tolariswaldA idiBed, wa t | y OS
O2dzZA R aAYLX & 3IAGS | 3t Aol2 ynadnSING 2:F 2072 dENdf af & daiCs vt Sh
many variables to consider that giving this throwaway answer sets the wrong expectations.
Morehouse recommends systems based on an understood requirement and where thesendan control
certain conditod ® 2 S Ydza il dzyRSNARGIYR GKS |LILX AOIGAZ2Y YR |
we know these parameters can we correctly provide a complete system with the right indicator and
appropriate adapters. To further clarify, below is a detailed explandtas®ed on these basic premises and
ground rules:

1. The definition of Accuracy per the VIM

2. Youcannothave asystem that ismore accurate than theeferencestandardused tocalibrateit.

3. Agreement on the calibration method for portability of the data.

4. Other manufactures may overpromise and underdeliver

1. Thedefinition of Accuracy per the VIM

Thecurrent draft of the International Vocabulary of Metrology (VIM) defiMesasurement Accura@s

GUKS Of 2aSySaa 2F FIaINBSYSy(d oS o8SydzS 2YFSTHaUMNSS Ry deNd- £
then states that Accuracy can be interpreted as the combinatianedsurement truenesand

measurement precisian
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ACCUIracCy =

p=——=Nominal ValuT

-——Precision—
LOWER UPPER

Tolerance Tolerance

Figure41l: Measurement Accuracy Expressed Graphically

Simply putAccuracy is how close the system is to the nominal value (measurement trueness) and how well
the system repeatanfeasurement precision The above graph gives a graphical representation of this
explanation. Foexample suppose we had a 10,000 Ibf loadlcahd the accuracy specification was + 0.05

% of full scale. In that cas@e should expect the system to read 10,000 + 5 Ibf when used under the same
calibration conditions, and that specification should be repeatable.

A better description of what igboveg 2 dz2f R 06 S (2 adzoa il A G diiiaSpBiakiSa Typ2 BIR  a ! (
contributor to measurement uncertainty, while precision is Type A.

wSLISFGlFroAfAGRT 2N K2g ¢Sttt AG NBLSKFGaz Aa RSTAYSR
operatotNBR Z a@a0SYX 2LISNIGAYy3I O2yRAIGA 2THhad&finkich@whath 2y > | yF
makes defining Accuracy difficult. Force is mechanical, and the interactions of different equipment and

different loading conditions can significantly afféloe output and Accuracy of the forgaeasuring system.

Therefore, we need to understand the application, know the expectations, and provide the complete

system with the appropriate indicator and adapters.

2. You cannot have a system that is more accuratarthe reference standard used to calibrate it.

Common sense says that the reference standatst be more accurate and repeatable than the system it
is being used to calibrate. There are many international standards that document these calibration
procedures and calculations, which subsequently allow the portability of test data, along with laboratory
accreditation groupshat keep everyone honest.
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Figure42: ASTM E74 Pyramid of Ratios

International calibration standards agree on the factors and levels of accuracy, which are depicted here. Any
accredited calibration laboratory should have a scope, and their measurement capability should be listed
using the classifications shown here.
However, things are not always what they appear to be, and you need to know what to look for in these
certs and promises. For example, let us look at three labs:

1. The way it should beusing an actual calibration laboratory as the example.

2. Barely acceptableusing a hypothetical laboratory.

3. Disaster using a hypothetical laboratory.

In these examplesve will demonstrate measurement risksing specific or benelevel riskscenariosas far

as capability is concerned.

Here are three examples of what happeatS/arlous levels of Accuracy from Morehouse at 0.0016 %,

/I TfTAONIGA2YyE awé 'a +d nonn 3 FYyR alfFNyp@& /FfAoN
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Performs the Calibration

Nominal Value 10000
Lower specification Limit 9995 5
Upper Specification Limit 10005 45 ] !
Measured Value 10000.0 . : |
Measurement Error 0 | |
Std. Uncert. (k=1) 0.09 35 | [
3 =
Total Risk 0.00% I |
Upper Limit Risk 0.00% 25 . I
Lower Limit Risk 0.00% 2 ] }
X |
TUR = 29.39471822 15 I I
Simple Guard Band with Subtraction Uncertainty Only 1 e !
Guard Band LSL 9995.170 I |
Guard Band USL 10004.830 05 I |
0 . ‘ ‘ .
Guard Band Limits to Assure 2 % RISK or Less 9994 9996 9998 10000 10002 10004 10006
Guard Band LSL 9995.175
Guard Band USL 10004.825 ‘ MV —-— LSL Nominal Value — — - USL Uncert. Dist GBLSL GB USL ‘

Figure43: Morehouse Does the Calibration with Primary Standards

When a 10,000 Ibf foremeasuring systerhas a specification of £ 5 Ibf or 0.05 % of full scale, applying

generally accepted compliance decisioa®2 NS K2 dza S Ol y & Liftiedeading i&etwéey a ( NHzY S
9,995.170 and 10,004.825. This is a significantly larger window to say an instrumgeod iwhen compared

with other calibration laboratories that use secondary standards. They use standards that are tyically

20 times less accurate

Y

¢tKS &4SO2yR fF02NFi2NE gAGK GKS nonn 272 OFLIOATAGER
perfect between 9,999.108 and 10,000.892.

Calibration "R" US Performs the Calibration

Nominal Value 10000
Lower specification Limit 9995 025
Upper Specification Limit 10005
Measured Value 10000.0 02
Measurement Error 0
Std. Uncert. (k=1) 2.00

A 1N

| |

| |

Total Risk 1.24% | |
Upper Limit Risk 0.62% . |
Lower Limit Risk 0.62% 01 ] }
I I

|

T

/N

TUR= 1.249869804

Simple Guard Band with Subtraction Uncertainty Only 0.05 =

Guard Band LSL 9999.000 I |

Guard Band USL 10001.000 n

0 T i T T T T ? T
Guard Band Limits to Assure 2 % RISK or Less 9990 9992 9994 9996 9998 10000 10002 10004 10006 10008 10010
Guard Band LSL 9999.108
Guard Band USL 10000.892 ‘ MV —-— LsL Nominal Value — — = USL === Uncert. Dist GBLSL GB USL ‘

Figured4: A Lab Using Load Cells as StandBats the Calibration

Lastly, we havadisaster when a device is submitted to a laboratory that does not have the capability. They
a O f AteN@viceSmhere the expectation is + 5 Ibf, but the best they can do is + 10 Ibf. Their graph
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shows that 31.73 % of the curve will be outside of the specification limit at the absolute best case. This
means the customer must accept an absurd amountsi. iThe risk to the endser of this equipment is

high, as is the likelihood of future lawsuits, mass recalls, enormous amounts of rework or scrap, and worse
still, a seriously tarnished reputation for quality.

Malarky Calibration Performs the Calibration

Nominal Value 10000
Lower specification Limit 9995 009
Upper Specification Limit 10005 008
Measured Value 10000.0
Measurement Error 0 007 / \
Std. Uncert. (k=1) 5.00 0.06
Total Risk 31.73% 0.05
Upper Limit Risk 15.87% 004 \
Lower Limit Risk 15.87% / \
0.03
TUR = 0.499991666 / \
Simple Guard Band with Subtraction Uncertainty Only 0.02
Guard Band LSL 10005.000 001 / \
Guard Band USL 9995.000
0 ‘ / ¥ ‘
Guard Band Limits to Assure 2 % RISK or Less 9975 9980 9985 9990 9995 10000 10005 10010 10015 10020 10025
Guard Band LSL 10005.269
Guard Band USL 9994.731 ‘ MV —-— LSL Nominal Value — — = USL Uncert. Dist GBLSL GB USL

Figure45: A LabUsing Load Cells as Standa@idibrated by Other Load Cedllses the Calibration

3. Agreement on the calibration method for portability of the data

We will keep this simple by limiting our analysis to the two most common types of calibration:
a. Calibration ftlowing ASTM (American Society for Testing & Materials) E74.
b. Commercial type of calibration consisting d-#0-10-point calibration, known as the non
ASTM method.

a. Morehouse Load Cells and Accuracy with ASTM E74 Calibration

The specifications of oWwltra-Precision Load Ceflate that they are accurate to 0.005 % of full scale,

meaning that the ASTM LLF (lower limit factor, whichésexpected performance of the load cell) is better
than 0.005 % of full scale. However, this is only one compaowoiethie much larger Calibration and
Measurement Capability Uncertainty parameter (sometimes calltC). When the load cell is under the
sameconditions that Morehouse used for calibration (same adapters, application with a machine that is just
as plumb, level, square, rigid, has low torsion, and other repeatability conditions), it is expected to perform
better than 0.005 % of full scale.

Theexpected performance on a 10,000 Ibf load ¢dlietter than 0.5 Ibf (10,000 * 0.005 %d)herefore at
GKS GAYS 2F OFftAONIrGA2YyZT GKS t2FR OSttQa SELISOGSR
million.

ForceCalibrationfor TechniciansTopConditionsMethods,and Systemghat ImpactForceCalibrationResultsv/

102023 Author:HenryZumbrun MorehousédnstrumentCompany Pagels


https://mhforce.com/product/ultra-precision-shear-web-load-cell/

Morehouse Instrument Company

0440/1/0/&0%0 1742 Sixth Ave.
York, PA 17403-2675

THE FORCE IN CALIBRATION SINCE 1925
(717) 843-0081

b. Morehouse Load Cells and Accuraeith Non-ASTM Calibration

We know from the accreditation requirements that when we test a good foneasuring system in our
machine, it will repeat. We have done countless tests and incorporated these into our CMGimgert
parameter. When we perform calibrations, we report the measurement uncertainty and take it into

account.

Thus, when we set the specification, it includes our measurement uncertainty at the time of calibration.

That uncertainty captures the repeatdity conditions well. The uncertainty is also quite low in almost all

cases below 120,000 Ibf of Force. The uncertainty is 0.002 % of applied Force or better because Morehouse
DeadweighPrimary Standardare the most accurate force machines.

4. Other manufactures may overpromise and underdeliver.

] The problem with averages: They hide extremes!

=

You can have your head
in an oven, feet in ice, and
on average, you feel fine.

OVERWEIGHT PLANES
ARE NOT SAFE TO FLY

Measured Values
32600
31300
25300
32000
28800

Target weight:

\ 30,000 300 lbf

Based on averages,
we are good to fly.

Figure46: Averages Hide the Extremes

Morehouse will not overpromise anghderdeliver a solutionHowever, other manufacturers have different
methodsfor testingtheir devices. Some are conservative, others not so much. Morehouse has been around
long enough to hear and witness countless customer stories. Often it is too ledéeige the endiser has
bought a device and been promised an accuracy that no other calibration laboratory can meet. These over
promising suppliers simply do not understand metrology and consequently promote terrible, often
impossible measurement practicésome notable examples include:

1. Averages are used to specify a tolerance. Figure 5 above shows a plane being weighed. Not all the

values are within the target weight, but based on the average (30,000 Ibf), all is good since the

target has not been breached
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2. The simple, more economical way is easier than doing things the right way. It is easy to say you can
do things, apply some force, and report results without clearly knowing its use. This is clearly an
exploitation of the customer.

3. The resolution is ecal to Accuracy. This is a large complex issue with respect to conformity
assessment and uncertainty. We have many published guidance documents and whitepapers on
Measurement Risk and TUR (Test Uncertainty Ratio) available for download frovelmite

4. Using a specification of ndimearity for Accuracy. The problem is that this does not includieaki
factors such as the meter, reference standard, adapters, and everything that impacts the
measurement results.

5. b2 O2yaARSNAY3I GKS f20FdA2y 2F (GKS YSIadiNBYSyi
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Measurement Bias

What can happe when we use an accuracy specification and assume all the measurements are centered
per the specification limits? Many people in the metrology community face this as many papers assume a
centered process or measurement.

The last section dealt with acaay and made assumptions about the process being centered.

When the measurement deviates from the true value, it is said to have bias. Measurement bias refers to
systematic errors in a measurement or measurement process that consistently cause the edezedues
to deviate from the true value of the quantity being measured.

Making a conformity assessment could mean the measured value might be anywhere within the
specification. In cases of simple acceptance, the measured value might even be at thectlarat.

Why does this matter? When a known bias is ignared.e., not corrected or not included in the Statement
of Measurement Uncertainty on the Calibration Certifiaateyou may not fully achieve measurement
traceability, and all subsequent measunents will be suspect.

The Location of the Measurement and Bias

Why do we care about the location of the Measurement if the device is within tolerance? If a device has a
specification of 0.1 % of full scale and the calibrating laboratory reparéuge within 0.1 %, the device is
"Within Tolerance. " However, realize that determining tolerance depends on all parties agre@ega
contractt on a decision rule for how measurement uncertainty should be handled.

It also depends on the uncertaintf the measurement and whether the lab performing the calibration
followed the proper calculations in evaluating the Uncertainty of Measurement (UOM) when making a
statement of conformity.
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Nominal Value 10000.0
Lower specification Limit 9990.0 5
Upper ification Limit 10010.0
Measured Value 10009.0 42
Measurement Error 9.0 5
Std. Uncert. (k=1) 0.085

__Total Risk 0.00%

TUR= 58.78943644
Cpk= 5.999032319 2
TAR= 62.5

Simple Guard Band (Subtract Uncertainty) 1
Guard Band LSL 9990.170

Guard Band USL 10009.8299 05
Percent of Spec 98.30%

Guard Band Limits for Riskof _2.600% 9965 9900 9995 10000 10005 10010 10015
Guard Band LSL 9990.167
Guard Band USL 10009.833
Percent of Spec 98.33%

v — S Nomiral Value —UsL — et Dist — —G8LSL cBuSL

Figure47: Graph Showing 10 009.0 as thkeeasuredvalue

Making a conformity assessment of "In Tolerance" is all about location, location, location of the
Measurement. It's also about the Uncertainty of the Measurement because anything other than a nominal
measurement can significantly raise thsk associated with th€onditionalProbability of False Accept

(PFA).

The probability of a false accept is the likelihood of a lab calling a measurement "In Tolerance" when it is
y20® tC! Aa |tftaz2z 02YYz2yiteé NBFTSNNBR (2 | a O2yadzySNE

The measurement location we are referring to is how close the Measurement is to the nominal value. If the
nominal value is 10 000.0 N and the instrument reads 10 009.0 N, the instrument bias is 9.0 N, as shown in
the above figureThe bias is 0.09 % the measured value or 90 % of the overall tolerance.

The higher the measurement bias from the nominal, the higher the Measurement Uncertainty of
subsequent measurements unless the measurement bias is corrected. In the above, if the unit under test
becones the reference standard, and the measurement bias is not corrected, future measurements made
with this Reference Standard will introduce additional Measurement Risk that is not accounted for in the
reported Measurement Uncertainty.

Note: NIST SOP 2fas additional information on bias and gives further examples of how to account for any
measurement bias in an uncertaintydget
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Low-Risk Scenario

Nominal Value 10000.0

Lower specification Limit 9990.0 5
Upper Specification Limit  10010.0 .
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Figure48: Graph Showing 10 009.0 as thkeasuredvalue ComparingTwo Different Calibration Providers

The above figurghows the comparison between two different suppliers using a discrete measurement
point at the bencHevel, resulting in different calibration process uncertainty values. The bottom graph
shows the higher risk level using a different supplier.

The new povider has a higher Measurement Uncertainty of 0.025 % than shotine iHighRisk Scenario
graph where the calibration provider had a 0.0016 % Measurement Uncertainty. Everything else has
remained the same. However, the overall measurement risk is rlo®0X%.

The assumption is that the measurement bias is known (+ 9 N). Although the risk is 21.19 %, the bias can
usually be corrected (adjusting the measuring system) or incorporated in a measurement model as a
correction. Using the highisk scenario, & will discuss what happens when bias is not corrected.
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What happens when we do not correct the bias?

Let us look at the highisk scenario. When 10 000.0 N of force £ 2.50 N was applied, the measured value
was 10 009.0 N.

The right thing for the edruser to do is to load the device to 10 009.0 N to apply 10 000.0 N of force. Let us
assume they do not do that and use this device to calibrate another 10,000 N instrument.

If we look at the minimum Measurement Uncertainty for the device that readdB)@ assuming the bias is
corrected, the Measurement Uncertainty would have to be greater than that of the Measurement
Uncertainty used for the calibration of the device, which was = 2.50 N.

The Measurement Uncertainty for this device would be £2.5ud ptiditional Measurement Uncertainty
contributors for repeatability, reproducibility, resolution, environmental, stability between calibrations, and
other error sources. Likely our measurement uncertainty assuming stability of 0.02 % as the second highest
contributor would become around 5.178 N.

Nominal Value 10000.0
Lower specification Limit 9950.0 0.1a
Upper Specification Lim it 10010.0
Measured Value 9996.0 0.18
Measurement Error -4.0 AV\
Std. Uncert. (k=1) 2.589 014 | \
Total Risk 1.02% ot / : \
ai j .: \
|
TUR = 1.931223436 008 T
Cpk= 1.182403422 / | \
TAR= 3.99840064 008 / ]
: ] | \
Simple Guard Band [Subtract Unce rtai 004 +
Guard Band LSL 9995178 / | \
Guard Band USL 100048219 a.a2 / :
| PercentofSpec  48.22% | \
Percent of § 48.22% . __'/ X
Guard Band Limits for Risk of 2.500% EE:H EEH 40 EEH 10000 10005 10010 10015
Guard Band LSL 9995.074
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|

Figure49: Graph Showin§ 996.0as the Measured Value
Scenario 1: Bias is corrected by loading the reference standard to 10 009.0 N to apply 10 000.0 N.

The above Figurshows a subsequent measurement being made with the calibrated device that read 10
009.0 N when 10 000.0 N £ 2.5 N was applied. This device is now used as a reference standard to calibrate
other devices (UUT).

The graph represents correcting the refererstandard for the + 9 N bias and using it to calibrate another
device (UUT). The measured value of the Unit Under Test reads 9,996 N.

The reference standard is being loaded to 10 009.0 N to apply 10 000.0 N + 5.178 N. The UUT reads 9996.0
with a Total Risof 1.02 %.
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Nominal Value 10000.0
Lower specification Limit 9990.0 018
Upper Specification Limit 10010.0
Measured Value 9987.0 0.16
Measurement Error -13.0 /\ : ;
Std. Uncert. (k=1) 2.589 0.14 / \ | ‘
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01 / 0 I
| |
TUR= 1.931223436 008 | f
Cpk= -0.59120171 / | |
TAR= 3.99840064 0.06 / \ t -
| |
Simple Guard Band (Subtract Uncertainty) 0.04 t }
Guard Band LSL 9995.178 / \ | |
Guard Band USL 10004.8219 002 . :
Percent of Spec 48.22% / \J¥ 1
0
Guard Band Limits for Risk of 2.500% 9970 9975 9980 9985 9990 9995 10000 10005 10010 10015
Guard Band LSL 9995.074
Guard Band USL 10004.926 ]
Percent Qf Spec 4926% — MV LsL Nominal Value usL Uncert. Dist —— =GB LSL ~— =GB USL

Figure50: Graph ShowingNhat Happens if we do not correct for the + 9 N Bias.

Scenario 2: The reference standard is not loaded to 10 009.0 N to apply 10 000.0 N. Instead, the device is
loaded to 10 000.0 Nyhich means only 9 991.0 N is applied (10 0@®® =9 991.0)

We show not correcting for this +9 N bias graphically by subtracting 9 N (9©09®.6 9 987.0) from the
measured value. The UUT reads 9 987.0 N, which could result in the lab failingtthment and deciding

to adjust the device within the acceptance limits (the measured value of this calibration is now off by 9 N
and transferred to the UUT).

The result of not correcting for the +9 N bias is a failed instrument that has been adijisétegda reference
standard with ahigh bias and a measurement risk above 87 %.

BiasConclusion

Using the manufacturer's accuracy specification and not correcting for bias can further increase
Measurement Risk. Not correcting for bias seems to be a nolphany 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. Furthermore,
the habit of insisting on a 4:1 TUdsumes the measurement process is centered (measurement bias is
corrected).

In all cases, paying attention to the location of the Measurement and calculating Measurement Risk is
imperative to making accurate measuanents. Anyone wanting more accurate measurements
(measurements with less Measurement Uncertainty) should have a defined process to account for and
correct bias.

They should also examine their calibration providers' practices on how they handle and toeiec
measurement biases.
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Figure51: Morehouse 4215 Plu& C705P Metershiat useCoefficients to Reduce Bias

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.

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

Load Cell Stability

Load cells are a combination of metal, strain gauges, adhesive, and marduirikns, every measuring
instrument is subject to aging. Load cells age from mechanical stress or fatigue, and over time this ensures
that there will be some instability in the system.

Some common factors that impact load cell stability or system #iabitlude:

The meter used with the systendust like load cells, the electronic components dift.
The amount of usage of the load cell

The material and strain gauges used to makedbié

If the load cell has been loaded past capacity, and howyntimes it has beetoaded.
Exposure to higher temperatures

Amount of creep in the Load Cell

Strain Hardening This is why load cells get better with age until they do not.
Variations in applying the stragauges.

Using different cables, and conneci®than what was used durirgglibration.

Adapters- generally, calibration adapters do not impact stability, though changing the hardness and
types of adapters can impact the calibration results. More information on adapters influencing
calibration resuls can be found here.

=4 =4 =4 4 -8 -8 -8 -8 -9 -9

The list of factors that impact load cell stability can continue. There are thousands of variables that can
cause a change in load cell stability. Having a documented process and purchasing load cells from reputable
manufacturers is atart to controlling the load cell stability.
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Not every source of load cell stability can be prevented. However, the impact of load cell stability can be
detected and corrected by setting the appropriate calibration cycle, implemestatgstical process
controls, and following generally accepted good practice guidelines.

Load cell stability or drift is usually assumed to be the change in the entire cell system from one calibration
cycle to the next.

It is the relative standard uncértA y G & 2 F | NB TSNS y+4&r® inFabiyOI6 ani NI y a4 R dzO S N
uncertainty budget, load cell drift can be referred to as either the reference standard instability or the
reference standard stability.

Load cell stability can impact the following:

Paentially consume your uncertainty budget

Cause the force measuring device to be outoddérance.

Cause all measurements between the last calibration and the current calibrationrecaked.
Raise the accuracy specification of gystem.

= =4 =4 =4

Calibratirg load cells for more than 50 years, Morehouse has observed all kinds of instabilities from
different manufacturers. Most load cells are categorized as either general purpose or those calibrated by
more stringent standards, such as ASTM E74 or ISO 376.

We will discuss both load cell types and their typical instability characteristics. In each case, we will start
with the general uncertainty contributors, then progress to what we usually observe and recommend
improvement.

The systems are each broken dointo Good, Common, and Bad. Systems that fall into the Good category
are usually those by reputable manufacturers who understand load cells and indicating systems.

The Common category may consist of suboptimal combinations, such as an excellent laad aall
average indicator or an excellent indicator and an okay load cell. In the Poor category, one or both
O2YLRySyda INBX LINRPoOolofeée dzyadzidlofS F2NJ GKS SyR dzi S

Typically, genergburpose load cells are more inexpensive andggghwith indicating systems contributing
to drift or system stability. The requests we see on these systems are generally fpt.acdlbration. The
accuracy specifications are usually 0.05 % to 1 % of full scale.

ForceCalibrationfor TechniciansTopConditionsMethods,and Systemghat ImpactForceCalibrationResultsv/
102023 Author:HenryZumbrun MorehousédnstrumentCompany Pages3



Morehouse Instrument Company
0440/1/@/&04%49 o adn:

York, PA 17403-2675
(717) 843-0081

[THE FORCE IN CALIBRATION SINCE 1925]

General Purpose Load Cell Instability
Good 0.025% -0.1%
Common >0.1% -0.5%
Bad >05% -5%

Figure52: Typical Instability Numbers for Various Load Cells

The longterm instability of the reference force transducer is determined either from previous
calibrations or by estimations of similar systems until the actual values can be obtahmfjure
above shows the instability Morehouse typically observeg@meralpurpose load cells.

Next, we will discuss calculating expanded uncertainty and how reference standard stability (or
instability) affects overall expanded uncertainty.
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Figure53: Expanded Uncertainty Budget with 0.2 %tability

With generalpurpose load cells, observing systems with accuracy specifications lower than the
instability observed from one calibration to the next is common. If the accuracy requirement is for 0.1 %
of full scale and the instability from onalibration to the next is 0.2 %, it becomes nearly impossible to
claim 0.1 % accuracy as your tolerance.

The above figure shows the uncertainty of 0.2 % instability on a 10,000 Ibf load cell. This accounts for
approximately 95.90 % of the uncertainty cdhttion.
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When accounting for reference standard stability in an uncertainty budget, stability can be treated as
type A or B. Most calibration laboratories claim instability as a type B uncertainty contributor with a
rectangular distribution. This meanisat instability of 0.2 % would be divided square root of 3 (or
1.732), about 0.115 %.

b2¢g fSGQa GKAY]l Fo2dzi GKFdGd ! OFfAONI GA2Y 102
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stability accounting for more than the 100 % allowable.

NJ
A N

The solution to this problem is often simple. Either shorten the calibration frequency or purchase better
equipment. This could mean upgrading the indicator, load oeboth.

bSEGSZ f S Qa-userdecided §woill&i® m&ckf IBss expensive to buy a better load cell than
to shorten the calibration interval. A year after the purchase, the reference standard stability is
observed to be 0.05 % or 5 Ibf on a 1@ABf load cell.

Measurement Uncertainty Budget Worksheet
Laboratory General Purpose Load Cell
# FORCE Range 10K | Sub-Range |
T HZ Standards
Date Used
‘Variance [Std. %
Uneartainty Contributor Magnitude Type Distribution Divisor df Sed, Uncart o unadf
ity Techs 0.645457224 A Normal 1.000) 1| s4ss0e-3] 416673 297%|  173.6E-3
pr Tachs 0.11785113 A Normal 1.000) w|  117.856-3 13.89€-3 0.10% 19.3E-6
of Bast Existing Device SO0_0D00E-3 A Mormal 1.000 3 S00.00E-3 250.00E-3 1.78% M0LBE-3
ility of Reference 2.0000E+0) B Rectangular 1.732 200| 1.15E+0)| 1.33E40 9 50% 8.9E-3
Resolution of UUT 1.0000E+0) B Resolution 3.464 200| 2886853 B3.33E-3 0.50% 34.7E-6
Environmantal Factors 300.DDD0E-3 B Rec tangular 1.732 00 1732163 30.00€-3 0.21% 4.5E-6
Reference Standard Stability 5,0000E+0) [ Rectangular 1.732 200| 2.89E+0)] 8.33E+0 §9.37%|  347.26-3]
Ref Standard Resol: 5000003 B Resolution 3.464 200| 14,436-3|  208.336-6 0.00%| 217.06-12
Specified T or Non-Linsarity 2.1000E+0) 8 Rectangular 1.732 200| 1.21E+0| 1.47E40 10.47% 10.8E-3
Hystaresis 2.3000E+0) ) Rectangular 1.732 200| 1.33E40| 1.76E+0 12 56% 15.5E-3
Other Error Sources 1.0000E+0) B Rectangular 1.73216+0| 200.00006+0|  577.356-3]  333.33E-3 237%|  555.6E-6
Reference Standard Uncertainty 200.0D00E-3 ) Expanded (95.45% k=2) 2.000) 100,00€-3 10.00€-3 0.07%
Combined Uncertainty (u,)s 3.75E+0) 14.04E+0 100.00%|  577.5€-3)
Effective Degrees of Freedom 341
Coverage Factor (k) = 1.97]
Expanded Uncertainty (U) K = 237 oomsesn
Par Point Exampla |
| appled [ Run1 | Run 2 | Runs [ Runa | Average | Srd.Dev. | RefCMC LBF
1 10000.00] 1000100 10001.00]  10000.00) 1000100  10000.75 ospo0] ooozo% | o2 |

Figure54: Expanded Uncertainty Budget with08.% instability

In this example, shown above, the Reference Standard Stability (load cell stability) still is the most
significant contribution to théexpanded uncertainty. However, the ender can now claim 0.1 % of full
scale and have room to maintain the accuracy from one calibration to the next. The instability can go as
high as 0.077 %, and they could still be within the 0.1 % of full scale!

Note: Morehouse recommends our Calibration Grade Load Cells and a G501F or C705P Indicator for
General Purpose Calibration.
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Figure55. Morehouse Calibration Grade Load Cells

The Morehouse calibration grade load cell with G5bitkeator will typically maintain accuracy of 0.1 %

of full-scale year over year, with load cell stability accounting for about 0.05 % of overall accuracy. If an
accuracy of 0.05 % or better is required, we recommend a different meter, most likely the O €&
Morehouse 4215.

ASTM E74 Calibration Instability
Good 0.005 % -0.03 %
Common >0.03% -0.16 %
Bad >0.16 % -0.3%

Figure56: Typical Instability Numbers for ASTM Load Cell Calibrations

Note: In this example, anything over 0.16 % of the applied force is bad because we are discussing ASTM
calibrations and section 111 of ASTMEZdy & ( I (i $h@asuriny @grivd@@s shall demonstrate
changes in the calibration values over the range of use during the recalibration interval of less than
0.032 % of reading for foremeasuring instruments and systems used over tlas<AA verified range

of forces and less than 0.16 % of reading for those instruments and systems used over the Class A
GSNAFASR NIy3aS 2F F2NOSadé

The assumption is that most eaers are using the foremeasuring instruments for calibration
following ASM E4 and would like to comply with the ASTM E74 standard. That requires a calibration
interval of two years.
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{ SOGA2Y MM P H-mhaasudng ihstruBnants nat @etm@dtBe stability criteria of 11.2.1 shall be
recalibrated at intervals that shall sare the stability criteria are not exceeded during the recalibration
AYGSNDIt ®¢ ¢KS adGlFyRFNR aleéa GKFG AF GKS ONXGSNR
until it is met.

Through our experience, we have rarely observed Bad load cedistime stability criteria if the

calibration interval was shortened to one year. If stability is higher than 0.16 % and everything else
remains constant (e.g., the cell has not been overloaded), then the recommendation is to replace the
load cell.

[ S éampare two examples by comparing a reference standard stability of 0.16 % to a typical
Morehouse HADI system with UltRrecision Class or a better load cell with 0.01 % stability.

Labarsary ASTM E74 Losd Cell System
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Figure57. ASTM E74 Expanded Uncertalnty with 0.1®&6 Cell Sability.
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Figure58: ASTM E74 Expanded Uncertainty with 0.01 % load cell stability

The actual load cell in this test is a Morehouse Ultra Precision 10,000 Ibf load bedhwAiISTM lower

limit factor (lIf) of 0.25 Ibf. Assuming everything else remains the same, the Reference Standard Stability
6ft2IR OStft aldloAtAdey Aa GKS tFNBSad O2ydNROdzi2 N
Load cells with bathstability often have much higher lifs than better load cells. A load cell with 0.16 %
stability usually has an IIf worse than 2 Ibf.

However, our aim is to show the impact of stability on a load cell system and how it should impact your
decisions whempurchasing a load cell system. The system will probably not meet your accuracy
requirements if stability is bad. In general, repeatability, reproducibility, and stability are the most
important characteristics when evaluating a load cell system.

Adaptersplay a considerable role in actual results, and careful attention to purchasing the right
adapters must also be considered. Morehouse has a technical paper that can be downloaded here for
more information on the proper adapters.

For ASTM E74 or ISO 3@@Jibration Morehouse recommends our Precision Grade Load Cells and
either a Morehouse HADI or Morehouse 4Albis
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Figure59: Morehouse 4215 Plus

The Morehouse UltréPrecision Load Cell with t#215 pluswill typically maintain an ASTM Class A
verified range of forces from 2 % of capacity (accuracy at the time of calibration of 0.005 %) or better
year over year. Load Cell Stability accounts for 50 Béss of the overall uncertainty budget, usually
below 0.02 % of applied force (0.01 % or better instability from year to year).
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300.00 LBF

AdvancedForce Measurement

My load cellcalibrationdoes notmatchwhat my calibrationprovidersentme!

Data not matching is something vedl dread For those that do sanity checks and foll@eod metrological
practicesthisis more of a common occurrence than it should be. Wihat was done at the time of
calibration that is not being done now? What igppaning that idrastically different?

Section 7 in the ISO/IEC 17025 deals with process requirements and contract review and can help us find
the answer.Thecustomer and calibration provider shouté specific with theexpectations in this section.
Thebottom-line is the lab performing the calibration should have tligcussions that matter per the
specificationFor example, we know the various mechanical and electrical interfaces matter if the
instrument is a forcaneasuring deviceAt the time of calbration, these consisof the following
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Selectinghe rightcalibrationmethod.
The loadingonditions.

Useof adapters

Verificationof the adjustments
Meters.

=A =4 =4 =4 =

We willinvestigateeachof these sourcesf error in greaterdetail.

Figure60: Common Force Measurement Errors

Selecting theRight Calibration Method

The calibration methogsuch as compression, tension, ascending, descending, amtuthber oftest
points, is critical in using a foremeasuring instrumentf kthe forcemeasuringnstrument is to be used
for compression (push) and tension (pull), it needs to be calibriatédth modes.After the basics are
discussed, the question becomes that of needing calibratbaadocumented metrology standarsuch
asASTME74 oSO 376.

Most people understand that load cells are not symmetrical, and the differences betvagBpression

and tension calibration can be quite large. Many do not understand that a-foeaesuring device

should only be used at the range in it it was calibrated. An exampletbfs would be a 10,000 Ibf

load cell calibrated at 10 % force increments. The device hasemut tested below 1,000 Ibf and may

not be accurate from 0.1 Ibf through closeX@®00 Ibf. The easiest solution to thisdsdiscuss the
requirements with your calibratioproviderbecauseexpecting a 10,000 Ibf load cell to measure 20 Ibf

of forcemay not be realisticHowever, using two load cells to measure from 20 Ibf through 10,000 Ibf is
achievable
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Another common errois assuminghat the forcemeasuring instrument can be used to make
descending or decremental measurements when only ascending or incremental calibration was
performed. Ascending and descending calibration is typically required fecyole fatiguemachires,
nuclear requirements, and universities conducting a lot of researchdamdlopment.

The final error we see isdhthe forcemeasuring device does not mattte calibration resultbecause
the end-useris usingmass weightsor the verificationand nd weights adjusted for forcerorce is force
anywhereglobally, and aforce weight requiresadjustmentfor material densitygravitywhereit is being
used,andair buoyancyTherefore, vinenusing mass weights to perform force measureméiné errors
can be quite highandthe enduser may not think much af.

Load Cells Used to Make Descending Measurements

Load Cells Used to Make Descending Measurements Must be Calibrated in a Descending Mode

60

50
Descending

Ascending
40

30

20

10

0 10 20 30 40 50 60

Figure61: Descending Versus Ascending Calibration Curves

The difference in output on an ascending curve versus a descending curve signifieant A
particularly goodLOOK load cell had an output €#£.03040 on the ascending curve a2d03126 on the
descendingurve.Usingthe ascendingpnly curvewould resultin an additional errorof 0.042%.
Thecommonterm to describethis resultis Hysteresis.

The definition of Hysteresis is the algebraic difference between the output at a giveddsadnding
from the maximum load and the output at the same load ascending from the minitoach
Hysteresis is typically expressed as a % offalle output. This section only looks at fhercentage
difference between the same force point, ascending versus descendgsaynédonewere to use the
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ascending calibration curve to make descending measuremtm@s the differencebetweenthe
ascendingand descendingpointswould be a significantmeasurementerror.

Load Cell Manufacturer (names removed) 1 2 3 4 5 5 3 4
Ascending Output 50 % Force Point| 1.49906 | 1.20891 | -2.0304 24590 -5.18046 | -2.49899 | -2.0886 | -2.15449
Descending Output 50 % Force Point| 1.49947 | 1.21022 | -2.03126 25020 -5.18265 | -2.50103 | -2.08846 | -2.15579
Difference | 0.027% | 0.108% | 0.042% 0.120% 0.042% | 0.082% | 0.007% | 0.060%

Figure62: Five Different Loa€ells and Corresponding Outputs Ascending Versus Descending Data

Loadcellsfrom five different manufacturersvere sampled andthe results areecordedabove The
numbersvariedfrom 0.007% (shearwebtype cell)to 0.120%.0Onaveragethe differencewas

approximately0.06 %. Six of the seven tests were performed using deadweight primary standards known to
be accuratewithin 0.0016%o0f the appliedforce.

The conclusion from these tests is clear: If a load cell is used to calibrate both as@dloescending
forces,it mustbe calibratedin both modes.

If a load cell is calibratefdllowingthe ASTM E74 standard and a combined curve is tise&&nduse
could use the load cell anywhere in the verified range of fortee.downside to this method is that the
combined curve will produce a Lower Limit FagtdrF)arger than using separate curves. However, the
larger LLMvill include anypoint within the verified range of forcder ascending and descending forces
Suppose the endser cannot always load the referenstandard tocapacity andvantsa smaller LLF. In
that case, they wilheedto havethe load celltestedwith several hysteesisloopsfor everycapacitythey
wishto calibrate.

ASTME74states For any forcaneasuring instrument, the errors observed at corresponding forces taken
first byincreasing the force to any given test force and then by decreasing the fothatttest force may
not agree. Forceneasuring instruments are usually used under increasing forces, btdréeameasuring
instrument is to be used under decreasing force, it shall be calibrated under decréasiag as well as
under increasing forcaJse the procedures for calibration and analysis of dgian in Sections 7 and 8
except where otherwise noted. When a foroeeasuring instrument isalibrated with both increasing and
decreasing forces, the same force values should be appligiddanaeasing and decreasing directions of
force application, but separate calibration equatist®uldbe developed®

ASTM E74 further cldies> Foéany testing machine, the errors observed at corresponding forces taken first
by increasing the force to argiven test force and then by decreasing the force to that test force moay

agree. Testing machines are usually used under increasing forces, but if a testing machireeuised

under decreasing forces, it should be calibrated under decreasing fasagelbas undeincreasing

forcese?
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Capacity 1000000 Ibf Compression, Calibrated to 4448222 N Capacity 1000000 Ibf Compression, Calibrated from 4448232 N
HBM DMP40 Indicator No. 093520044 HEM DMP40 Indicator No. 093520044

Compression Data for 23 *C £ 0.3 °C - Force Units of Ibf Compression Data for 23 °C + 0.3 °C — Force Units of Ibf

Applied .
Force Predicted Response Response Response Applied .
(Ibf) Response Auni Run 2 Run 3 Force Predicted Response Response Response
{Ibf) Response Run 1 Run 2 Run 3

20000 0.035785 0.035795 0.035789  0.035789
30000 0.053642 0.053637 0.053635  0.053638 1000000 1.787273 1.787270 1.787260 1.787267
50000 0.089367 0.089376  0.089376 0.089373 00000 1.608377 1.608392 1.608373 1.608383

100000 0178669 0178691 0178601  0.178688 800000 1.429522 1.429537 1.429528 1.429534

200000 0357293 0357274 0357276 0.357274 700000 1.250706 1250708  1.250701  1.250704
300000 0.535944 0535936 0535932  0.535031

400000 0714623 0714620 0714615 0.714617 600000 1.071930 1.071920 1071915 1071918
500000  0.892329 0.893346 0.893338  0.893337 500000 0.893193 0.893204 0.893129 0.853201
600000 1072062 1072059 1072051 1072057 400000 0714497 0714439 0714494  0.7144%
700000 1.250822 1.250836  1.250825  1.250825 300000  0.535841 0.535834 0.535832  0.535833
BOO000 1429609 1429627 1429615  1.429623 200000  0.357224 0.357235 0.357220  0.357220
900000 1.60B423 1608424 1608412 1608420 100000  0.178648 0.178659 0.178657  0.178658
1000000 1787265  1.787263 1787250 1787260 50000 0089374 0.089359 0,089369  0.089389

The coefficients of the following equation were fitted to the calibration data using the method of
least squares. The units for force (Ibf) and response are the same as shown in the table above.

Response = A + Biforce) + Clforce)? The coefficients of the following equation were fitted to the calibration data using the method of

least squares, The units for force (Ibf) and response are the same as shown in the table above.
where A= 7.14099E-05
B= 1.7B584E-06

- ]
Cs=  1.3571SE-15 Response = A+ Blforce) + Clforce)
where A= 111083E-04

B=  1.78517E-06
This standard deviation was computed according to ASTM E74-18 from the differences between the c= 1.99527E-15
calibration data and the fitted equation given above.

Standard deviation = 0.000012 response units

Standard deviation = 0.000009 response units
The following values, as defined in ASTM E74-18, were determined from the calibration data:
Lower Limit Factor = 16 [bf This standard deviation was computed according to ASTM E74-18 from the differences between t
Class A Loading Range = 20000 Ibf to 1000000 Ibf calibration data and the fitted equation given above.
Class AA Loading Range = 32611 Ibf to 1000000 Ibf
The following values, as defined in ASTM E74-18, were determined from the calibration data:

Lower Limit Factor = 12 |bf

Class A Loading Range = 50000 |bf to 1000000 lof

Class AA Loading Range = 50000 Ibf to 1000000 Ibf

Figure63: Pages from NIST Calibration Report for Morehdy880,000 IbReference Ibf Load Cell

ASTM E74 Versus ISO 376

Morehouse has been performing ASTM E74 and3@xalibrations for decadegVe havedollowedthe

ASTM E74 standard since its introduction in 1974renaperformed ISO 376 calibrations since early 2000.
Before early 2000, 1SB76 was a DIN standard that later became 023 and ISO 376 in the 1990
Therefore, ve had always assumed that the world ‘force measurement community' knew that the
standards wereompletely different and thathese standardsould not beinterchanged However, we

have learned that some laboratories provide fiellibrations by intermixing and using an ASTM E74
calibration to certify a tensile machine to ISO 7588/eral organizations throughout the world are not
aware that the standards have vastly different criteria requirements.

If 1ISO 7500 is the requiremerthen calibration needs to be performed following ISO 376 on the force
proving instruments used to certify the tensile machine. If ASTM E74 is the requirement, then the elastic
force-measuring instrument needs to be calibrated following the ASTM E74atdnthe differences have
already begun to emerge with the subtle use of terminology.
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ASTM E74 is titled "Standard Practices for Calibration and Verification forfeasiringinstruments”

ISO 376:2011 Metallic materials is titled "Calibration of fgeumaving instruments used for the verification
of uniaxial testing machines."

Here are some of the fundamental differences
Selection of Forces

ASTM E74

1 Requires at least 30 force points to be selected and typically three runs of data, each with a
force point taken at about a 10 % interval.

T Ifthe Class A or Class AA verified range of foreetigpated to be less than the first nexero
force point, then a point equal to at least 400 times tesolution for Class A or 2000 times the
resolution for Class AA needs to be added to the calibrdtores selected.

ISO 376

1 Requires at least eight force points throughout the range and at lEastdata runs with a
creep test when the forceneasuring instrument is used forcremental loadingpnly.

1 If the forceproving instrument is used for incremental and decremental loading, then two
extraruns of data are taken to malaetotal of 6runs

1 ISO 376 does not allow the first test point to be l#smn 2 % of the measuringunge. It has
classifications that state the first point cannot be less tAd®0 timesthe resolution for Class
00, 2000 times the resolution for Class 0.5)d0 times the resolution fo€lassl, and 500
timesthe resolutionfor Qass 2.

Creep Tests

1 AS'M E74equires a creep test if the data is analyzed with Method A, which allows the
trailing zero tabe ignored.

1 1SO 378@equires a creep test if only incremental loads are applied.

More informationon the creeptests isfound in eachof the standards.

Time requirements for application of forces

1 ASTM E74does not reference a specific set time a force should be applied before the point
is taken

1 1SO 376&tates "The time interval between two successive loadings shall hendsrm as
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possible andno readingshallbe takenwithin 30 sof the start of the force change.'®

Note The thought is that the force does not need to be held for 30 secmtia;, that the
target force should be approached slowly ambuld not be exceeded. At around 30 seconds
from the start of the chang&om one force point to the next force paittte reading can be

taken.

Determination of deflection

1 ASTM E74 allows féfethod A, which involves ignoring the trailing zeaad Method B, which
involves usingn acceptable method such as average zero or zero interpolation.

1 1SO 376 defines deflection tee differencebetweena readingunderforce anda reading
without force.

Curve Fitting

1 ASTM E74 uses the observed data and fits the data to a duseconedegree equation is
used mosbf the time, and ASTM E74 allows up to a-8#gree equation assuming the
device's resolutiolis over 50,000 counts and an F test is pagsedAnnex Al.

1 1SO 376 allows the use of curves up thied-degreeonly.

Figure64: ASTM E74 TestccuracyRatio Pyramid
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Figure65: ISO 376 Expanded Uncertainty of Applied Calibration Force

Calculation and Analysis of Data
This section may be the most dramatic regarding differences.

ASTM E74ses the observed data talculate a standard deviation from the difference in the individual
values observed in the calibrati@mdthe correspondingraluestakenfrom the calibrationequation.

d?*+d,>+...+d,?

n—m— 1

Figure66: Formula in ASTM E74 to Calculated the Pooled Standard Deviation

The equation uses the differences and divittemm by a more conservative number by subtractihe t
number of deflection values minus the degree of polynomial fit minus ®hes. value is thenonvertedto
the proper force unit and multiplied by 2.#he multiplied value is called the Lower Limit FaatotLF.

A verified range of forces is definbdsed on specific criteri#f.the device was calibrated usidgadweight
primary standards anchiended to calibrate other forceneasuringnstruments, then a Class AA verified
range of forces could be assigndthe Class AA verified rangefafcesis assignedy multiplyingthe LLFy
2,000,assuminghe nonzeroforce point istakenbelowthis value and that the resolution of the foree
measuring instrument is less than the LLF.
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If the forcemeasuring devicgvere calibrated using another foae-measuring device with a Class AA verified
range offorces, then only a Class A verified range of forces could be assigned by substj@@thép? 400

as themultiplier. ASTM E74 works dhe concept that the deadweight primary standards are at least t
timesmore accurate than the secondary standards with a Class AA verified range of Tore€3dass AA
standards are five times more accurate than the Class A standards, and the Class A standardsiraesfour
more accuratethan a onepercent testingnachine.

ISO 376@ses the observed values to ensure that certain characteristics of the-fooséng instrumentre
met andrates the device's performance based on its characteridtf3.376 uses either four ruokdata, a
creep test,or six runs of data to characterize the foxgmving instrument and thassociated relative error.
ISO 376 then takes the highest error percentage per point for each paraaredegissigns a class based on
the highest error shown ithe figure below.

Farce-proving instrumentsvhere only increasing data is used (four runs of data) are tested for
reproducibility, repeatabilityresolution, interpolation, zero, and creeorce-proving instruments where
increasinganddecreasing data is used (six runs ofadlare tested for reproducibility, repeatability,
resolution,interpolation, zero, and reversibilitfthe expanded uncertainty of the applied calibration force
mustalso belessthanthe table allows.

If a forceproving instrument has a relative errorfé one of the parameters more than whatrequired
for Class 00 but meets the criteria for all other parameters, then the best classification fdevhe is
limited by class for the highest error.

ISO 376 classifies everything per point and theraksdown the classification per verified range of forces.
Suppose the relative error of reversibility is Class 1, but all other criteria meet Class 00. In thidwecase,
device is rated as a Clasddvice ifthe expandeduncertainty of the appliedalibration force meets the
criteria as well. What ISO 376 does very wehad it accounts for the uncertainty of the applied calibration
force within the standardA forceproving deviceeannot have amincertainty of less than the reference
used for céibration, as shown itthe figure above.

ASTM E74 addresses this point in the appendix and not in the main body of the stakSaME74
currently allows for a Lower Limit Factor that can be less than the uncertainty of the refesamoiard.
BURAMETg-4 (European Association of National Metrology Institutiesitures ausefulwrite-up on this
topic.
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Table 2 — Characteristics of force-proving instruments

Expanded
uncertainty of
Relative error of the force-proving instrument applied
calibration force
Class (95 % level of
% confidence)
of reproducibility | of repeatability | of interpolation | of zero | of reversibility |of creep %
b b o fo v c
00 0,05 0,025 +0,025 10,012 0,07 0,025 +0,01
0,5 0,10 0,05 +0,05 +0,025 0,15 0,05 +0,02
1 0,20 0,10 +0,10 +0,050 0,30 0,10 +0,05
2 0,40 0,20 +0,20 +0,10 0,50 0,20 0,10

Figure67: Table 2 from ISO 376 Standard for Classification of FRn@é&ng Instruments

BURAMETg4 states"ASTM E7#cludes a mandatory method for calculatingalue of uncertainty,
which it defines as "a statistical estimatetbé error in forces computed from thealibration equation of a
force-measuring instrument when the instrument is calibrated in accordavitte this practice. This
calculation of uncertainty only includes contributions due to reproducibility @edation from the
interpolation equation, although the value is increased to equal the resolution ibitiginal value is
calculated to be lower, antthe uncertainty of the calibration force applied is atgmecified to be within
certain limits. The method results in an uncertainty value in units of force, vidhipplicable across the
range of calibration forces and is used to determine the lowezddimits for thetwo standard verified
range of forces (P00 times the uncertainty for Class AA and 400 timesutieertainty for Class A). The
uncertainty calculated by this method ignores some of the componiestaded in Section 6.1 and, as such,
islikely to result in different, and probably lower values. The usenbf the calculated uncertainty value
associated with the calibration when developing an uncertaintgiget for the subsequent use of the force
measuring instrument should be avoidedhe contributionsdueto the other uncertainty components
present duringhe calibrationshouldalso beincludedé®

Readthe BJIRAMETg4 v 2.0 for more information on Uncertainty of Foildeasurementsand learn more
about thedifference between theASTM E74 and ISO 3téndard.

Recalibration dates

1 ASTM E748, Sction 11 deals with recalibration intervalBo simplify things, if the foree
measuringdevice demonstrates 0.032 % or better over the Class AA range, or 0.16 % over the
Class A range, theatwo-year calibration interval can be assign&gction 1lkxplainsif this
criterion is not demonstrated, then thend devicesnot meetingthe stability criteriaof 11.2.1
Sectionshallbe recalibratedat intervalsthat shallensure the stability créria are not exceeded
during the recalibration intervdl.

1 1S0O 376 allowsr a maximumvalidity of the calibrationcertificateto not exceed26 months
(about 2 years}
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Reporting Criteria

ASTMET74requires®

The report issued by thetandardizing laboratory on the calibration of a foroeasuring instrumenghall
be error free and contain no alteration of dates, data, etc. The report shall contafoltbeing
information:

f

= =4 =4 =4

= =

=

Statement that the calibration has been performedatcordance with Practice E74. It is
recommended that the calibration be performed in accordance with the latest published
issueof Practice E74.

Manufacturerandidentifyingserialnumbersof the instrumentcalibrated

Nameof the laboratoryperformingthe calibration

Dateof the calibration

Type of reference standard used in the calibration with a statement of the limiting errors or
uncertainty

Temperatureat whichthe calibrationwasreferenced

Listing of the calibration forces applied argktcorresponding deflections, including the
initial andreturn zeroforcesand measureddeflections.

Treatment of zero in determining flections 8.1(a) or (b), and if method (b) is elected if zero
wasdeterminedby the averageor interpolatedmethod

List of the coefficients for any fitted calibration equation and the deviations of the
experimentaldatafrom the fitted curve

Forcemeasuring instrument resolution, the measurement uncertainty associated with the
calibrationresults,andthe verifiedrange of forcesor verifiedrangesof forces

Theresultof the creeprecoverytest, when performed

Theexcitationvoltage andvave formusedfor calibrationwhenknown

Statement that the lower force limit expressed in this report applies only when the
calibraion equationis usedto determinethe force

ISO376 requires?

1

= =4 =

= =4 =

Theidentity of all elementsof the force-provinginstrumentandloadingfittings and of

the calibrationmachine

The modeof force applicatior(tension/compression)

That the instrumentisin accordance witlihe requirementsof preliminarytests

The classandthe range (orforces)of validityandthe loadingdirection (incremental

only or incremental/decremental

The date andresultsof the calibrationand,whenrequired,the interpolationequation

The temperatureat whichthe calibrationwasperformed

The uncertainty of the calibration results (one method of determining the uncertainty
is given iPAnnex C)
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9 Detailsof the creepmeasurementijf performed

Miscellaneousltems

Both ASTM E74 and ISO 376 havemamdatory appendixes'he ASTM E74 appendix does not address
adapters which can be aignificanterror source

Read more about force measurement errors in thisg.

ISOANNnex A 4 discusses loading fittingsading fittings should be designed in such a way that the line of
force applicationis not distorted. Asarule, tensileforce transducerqshownin the figure below) shouldbe
fitted with two ball nuts,two ballcups,and,if necessarywith two intermediaterings,while compressive
force transducers should déted with one or two compression pads.

The 1SO 376 appendix deals with beapad testswhich are highly recommended for verifying that there
is no interaction between the foragansducerof aninstrument usedn compressiorandits supporton the
cdibration machine . Morehouse can perform bearing pad tests if requested.

8006 @Uiig,

Figure68: Morehouse Quick Change Tension Adapter Value Meets ISO 376 StamtadA.4 Requirements
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3

Figure69: Drawing of Morehouse Load Cell with ISO 376 Compression Adapter

ASTM E74 Versus ISO Jémmary

ASTM E74 different fromISO 3760ne cannot effectively use ahSTM E74 calibration to certify to ISO
7500, and one cannot effectively use an ISO &lbration tocertify to ASTM B However, it is possible
to use some of the ISO 376 data for analysis with ASTMTRi&practice assumethat the minimum
numberof test pointsismet. In addition to differences between the standards covered here, rsdwthers
exist.

Morehouserecommend that anyoneperforming force calibrations tdSTM E74 or 1ISO 33kould
purchase the standard#lorehouse can provide calibration to ISO 376, ASTM E74, or both standiguis.
need calibration in accordance witlitiger standard thenit is important to look at the scope of
accreditation andrerify that your calibrationproviderhasthe capabilitymentionedon their scope as
shownbelow.

Morehouse Calibrating Machines simplifies force calibration by reducing rework, errors from misalignment,
and problematic setups. The operator can replicate how the force instruments ardarsa8TM E4 and

ISO 7500 calibratiortsy using different setupfr tension and compression and proper adapters
recommended by several standards, including ISO 376.
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Parameter/Equipment Range CMC>3 (1) Comments
Force —
Dead Weight Primary | (0.1 to 10) Ibf 0.0025 % Force Calibration
Standards Tension and | [(0.44 to 44) N] including ASTM E74
Compression Class A and AA, ISO 376
(10 to 100) Ibf 0.0016 % Class 00, 0.5, 1 and 2
[(44 to 444) N]
Forces can be applied
(100 to 12 0000) Ibf 0.0016 % incrementally and
[(444 to 53 378) N] decrementally thus
permitting the
(12 000 to 120 000) Ibf 0.0016 % determination of
[(53 378 to 533 786) N] hysteresis errors.

Figure70: Sample from Morehouse Scope Showing ASTM and ISO 376 Capability

ASTM E74 and Accuracy Statements

Thecurrent ASTME7418 standardistitled StandardPracticefor Calibrationand Verification forForce
Measuring InstrumentsAt Morehouse, we support the best practicestlined in the ASTM E74 standard to
representthe expected performance of a loaell or other forcemeasuring instrument. What may be a bit
of an industry disconnect is thabme companies receive a full ASTM E74 calibration report only to ignore
sizable portiorof the report. The confusion comes when someone is used to entering an accuracy on the
receiving report for the forceneasuring instrumentand there is not one toéfound on theASTME74
calibration certificate.

When reporting measurement error, we have observed numerous users taking the liberty of standing
behind common misconceptions that a measurement is as accurate from which it came, or they adopt a
fallback wsition of saying the calibration of the foroeeasuring instrument needs to be four times more
accurate than the forceneasuring instrument beingalibrated. When these types of questions are raised,
we typically observe best practices falling short @ #ttual intent of the ASTM E74 standard.

A key indication of best practices not being followed is when someone asks about an astatement

on the reportor doesnot find one and gesback to the instrument's specificati@heet. The specification
sheet isuselessvhen relating to ASTM E74 calibratidhe ASTME74calibrationreport typically
encompassethe "lions share"of the overallmeasurement uncertainty, which is completely missed if only
the specification sheet is used.

Thespecification sheet will be useful in figuring out uncertainty contribyteush as environmental
conditions relating to operating at various temperaturéhelps evaluate errorthat may bedue to
misalignment or how well the device may return to a zero condition. The specificdtamt is also useful in
evaluating how good the foremeasuring instrument may be. Specificathingslike non-repeatability

often showhow wellthe force-measuringnstrumentmayrepeat without being placed under different
conditions.
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The major flaw is tht the specification sheet does not provide the amsker with muclof what they need.
It does not tell the user the actuakpected performance of the device. A force standard asctheASTM
E74 excels giroviding the eneuser with meaningful datdt tests the reproducibiliticharacteristicof the
force-measuringdevice.The standargrovidesguidanceon how to performthese tests, such as
randomizing force application conditions. This randomization, whichgsygse as rotating and
repositioning the instrument, often yields the actual expected performasfabe load cell orother force-
measuring instrument.

ASTM E74 Compression Calibration Data J3rd-Order Fit - Method B
. Measured Measurad Measured Fitted Expanded Force
anl:fw e RE: ?ﬂr RuE;t-p u1tzn° Ru nm;“-mztw" Curve Uncertainty Standard
v T, e, mWiv Ibf Used
1000 0.04350 0.04353 0.04354 0.04354 2.0596888 M-4344
2000 0.0E704 0.0B702 0.08704 0.08702 2.059740 M-4844
6000 0.26090 026088 0.26100 0.26082 2.060207 M-4344
12000 0.52170 052170 0.52172 052172 2061085 M-4844
18000 0.78243 0.78244 0.7E241 0.78245 2.064800 M-4844
24000 1.04308 1.04317 1.04308 1.04310 2.088711 M-4844
30000 1.30385 1.30370 1.30363 1.30385 2073731 M-4844
38000 1.58400 1.56414 1.58400 1.56400 2.079846 M-4844
42000 1.82441 1.82446 1.82441 1.82443 2.087050 M-4344
43000 2.08459 2.0B46E 208461 2.0B454 2.005220 M-4844
54000 2.34482 234470 2.34460 2.324471 2104671 M-4344
60000 2.60450 2 60476 2 60464 2 60485 2115061 M-4844
Lower Limit Factor: 2.4235 Ibf
Standard Deviation: 0.00004 mViV
Resolution: 0.23009 Ibf

Figure71: Data from an ASTM E74 calibration
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Theexpectedperformancefrom the ASTME74calibrationis determinedby performinga seriesof
measurements andalculations per the standard. A standard deviation is calculated usindjfteeence
between the individual values observed in the calibration and the correspondings taken from a
regressiorype equation.The standard deviation is thenultiplied by acoveragefactor of 2.4to
determinethe LLFThisterm is dubbed_owerLimit Factor(LLF. The LLF is then used to calculate the
verified range of forces. This is where certiiarketingspecifications can assign accuracy.

A good example i the Marketing materials for Morehouse load celtsrour Ultra-PrecisiornLoad Cells,

we specifithat the load cells are accurate to 0.005 % of full scale. What we are sattiag ke ASTM LLF,
which is the expected performance of the load celhatter than 0.005 % of full scalelowever, this is only
one componenbf the much larger Calibration and Measurement Capability Uncertainty Parameter, which
is calledCMC.

Under the same conditions that Morehouse used for calibratiba device isexpected to perform better

than 0.005 % of full scale. On a 10,000 Ibf load cellexpected performance should be better than 0.5 Ibf
(10,000 * 0.005 %). So, what we are sayingis G KS GAYS 2F OFfAONIGA2YS GKS
performance will béetter than 0.005 % or 5parts per million.

If we continue to follow the ASTM E74 standard, the calculated LLF isouderminethe usablerange
for the device.If you are not usingthe load cell for ASTM E74, E18, E10, E4, or other standards @feyen
ASTM E74henthis verified range of forces may not hold much value
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ASTM E74 Load Cell Selection Guide

Merefeottde

Figure72: Morehouse Precision Load Cell

Many people get confused with load cell specifications and what they mean. When a company says the load
cell is accurate to 0.01 % of full scale, what does that mean? If calibrated using the ASTM E74 standard, the
meaning differs from a pure accuracy spieaition. The ASTM E74 calibration is much more robust than a
simple singleun commercial calibration or a calibration in which acceptance limits are reduced by
measurement uncertainty and a pass/fail conformity assessment is made.

We created asimpleto-use ASTM E74 Load Cell Selection Guitielp everyone understand load cell
specifications that reference the ASTM Efandard For example, when we spectfiat a load cell ibetter
than 0.01 % of full scale, we are saying the load cell will hayesaim Class A verified range of forces
(usable range per ASTM E74) of better than 4 % through 100 %.

Download the ASTM Load Cell Selection spreadgiezet
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Precision 0.01 % of full scalf
ASTM IIf = 0.1 Ibf
Ibf % of capacity
9 40.0 0.250%
< 100.0 0.100%
a 200.0 0.050%
L | 3000 0.033%
w o 400.0 0.025%
< 5 500.0 0.020%
7 R 600.0 0.017%
é 700.0 0.014%
= 800.0 0.013%
@ 900.0 0.011%
1000.0 0.010%
ASTM Class AA 200 Ibf

Figure73: Precision Load Céccuracy Chart

The abovdigure breaks the ASTM E74 criteria down. On a 1,000 Ibf load cell, the ASTM E74 lIf (how well the
load cell performs when conditions are varied or reproducibility) will be better than 0.1 Ibf. The Class A
loading range will be 400 x 0.1 (ASTM E74 IIf) or 40f lbdlibrating a testing machine that is accurate to 1

%, the first force point is exactly 4:1, or 4 times better than what is being verified to ASTM E4. The 40 Ibf
point is known to be within 0.25 % tife applied Force.

Test Accuracy Ratio ASTM E74

Primary Standards are required to calibrate Secondary
Standards. Primary Standards can be used to calibrate
working standards as this will often result in the lowest
possible loading ranges (Can Assign a Class AA Verified
Range of Forces)

Secondary Standards are required to calibrate
Working Standards. They cannot calibrate
other Secondary Standards (Can Assign a Class A
Verified Range of Forces)

Working Standards are used to
calibrate Testing Machines to

ASTM E4

Figure74: ASTM E74 Test Accuracy Ratio Pyramid
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This correlates well with the above picture showing the different accuracy ratios. Working standards need
to be better than 4:1 when compared to the accuracy of the testing machine. Secondary standards, those
calibrated by primary standards, need to be teethan 0.05 % of applied Force. These standards are
assigned a Class AA verified range of forces. In our example above, if deadweight primary standards
calibrated the load cell, a class AA verified range of Force would be calculated by multiplyirfidp 2000.

The result would be an ASTM Class AA verified range of Force of 200 through 1,000 Ibf. At the 200 Ibf test
point, the device is known to be within 0.05 %tué applied Force.

NMorehowse

ITHE FORCE IN CALIBRATION SINCE 1925]

Company
Instrument Type Load Cell
Capacity 1000.00
Force Units Ibf

Morehouse Load Cells
Ultra 0.005%
Precision 0.010%
Calibration 0.020%
Custom 0.025%
Figure75: Morehouse Spreadsheet Inpit

Our easyto-use spreadsheet calculates everything for you based on entering the capacity of load cell and
units. Anything in Orange would be filled in. The table includes a Custom field where someone can make
assumptions on the specification to st useable rang.
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ASTM E74 Load Cell Selectio
Ultra 0.005 % of full scale Precision 0.01 % of full scal Calibration 0.02 % of full scal Custom 0.025 % of full scale
ASTM lIf = 0.05 Ibf ASTM lIf =0.1 Ibf ASTM lIf =0.2 Ibf ASTM lIf =0.2 Ibf
Ibf % of capacity| Ibf % of capacity 0.0005 % of capacity 0.001 % of capacity
g 20.0 0.250% g 40.0 0.250% % 80.0 0.250% % 100.0 0.250%
g 100.0 0.050% g 100.0 0.100% g 100.0 0.200% g 100.0 0.250%
B 200.0 0.025% 8 200.0 0.050% LDLI 200.0 0.100% UO_, 200.0 0.125%
e 300.0 0.017% e 300.0 0033% | L 300.0 0.067% e 300.0 0.083%
uy 400.0 0.013% oy 400.0 0.025% | Wy 400.0 0.050% wy 400.0 0.063%
<3 500.0 0.010% <3 500.0 0.020% | <& 500.0 0.040% <3 500.0 0.050%
gt 600.0 0.008% i 600.0 0.017% |ao% 600.0 0.033% gt 600.0 0.042%
é 700.0 0.007% é 700.0 0.014% é 700.0 0.029% é 700.0 0.036%
g 800.0 0.006% £ 800.0 0.013% g 800.0 0.025% g 800.0 0.031%
2 900.0 0.006% @ 900.0 0.011% | 2 900.0 0.022% @ 900.0 0.028%
1000.0 0.005% 1000.0 0.010% 1000.0 0.020% 1000.0 0.025%
ASTM Class AA 100 Ibf ASTM Class AA 200 Ibf ASTM Class AA 400 Ibf ASTM Class AA 500 Ibf
Class AA Verified range of forces for calibration of a testing or tensile machine means every force point needs to be better than 0.5 % of the appli
Class A Verified range of forces for calibration of a testing or tensile machine means every force point needs to be better than 0.25 % of the applig

Figure76: Table of Each Type of Morehouse Load Cell

Once everything is entered, the table will calculate everything. If someone wanted a Class AA verified range
of forces better than 10 % of the load cells capacity (0.05 %), a Morehousé”t#tision Load Cell would

need to be purchased. These load celia be used as low as 2 % and sometimes 1 % of capacity to verify
testing machines to ASTM E4. Everything is shown in the table for thesemdo make the most informed
decision about which load cells meet the appropriate specification.

In most casedylorehouse Precision Load Cells will yield the best performamqeice ratio as they are

often usable below 4 %. Thus, the emskr can calibrate a broader range and carry much less equipment

than if they purchased a load cell that was only accurate®@% % of full scale.

The other point to make here is that the calibration supplier must have the capability to calibrate the
equipment to ensure accuracy. If the requirement is 0.01 % of full scale, can a supplier with a Measurement
Uncertainty of 0.025 %alibrate a load cell to 0.01 % of full scale? Simple math, right, yet many load cell
manufacturers do not have equipment with measurement uncertainties better than their specifications.

Thus, there is no way you can purchase a load cell from them>greteto maintain 0.01 % of full scale
when their scope of accreditation says their measurement uncertainty is higher than that.

Part of any risk mitigation strategy should consider the following:

w Selecting a calibration supplier that offers the smatlimeasurement uncertainty (Look at the scope
of accreditation for your supplier and verify their measurement uncertainty is lower than your
requirements)

w Utilizing the appropriate reference standards (ASTM E74 selection guide should help)

w Improving rdiability by managing calibration intervals (follow ASTM guidelines efeaf initial
calibration interval on new equipment and then increase if specifications are met)

w Monitoring of standards using control charts (Morehouse hasrabforce verificion system to
help)

w Continual improvement of the calibration processes (We all wv@mtontinually be better.
Investing in employee education, equipment, and learning as much as padssible.
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How to Choose the Best Reference Standard Load Cell

What is the best load cell | can use as a reference standard? This question appears straightforward, but
once we start to examine the issue, it takes a series of questions to answer. The most common answer is,
b2 StfX GKIG RSLISYyRa & oKIFIG @2dz2NJ SELISOGIGAZ2Yya

If your expectation is only performance, without regard to price and ergonomics, the answer is vastly
different than if the best value is a consideration. Therefore, to fully answer this questowill address

some basics regarding the selectioina load cell as a reference standard. The factors to consider are price,
actual performance characteristics, specifications, ergonomic issues, and value.

Once you have chosen the best load cell, if you have a calibration with significant uncertainties
substandard meter, or the wrong adapters, the load cell performance will be inferior. Thus, we will consider
the uncertainty of the laboratory performing the calibration and some meter and adapter options to

support the reference standard load cell.

Reference Standard Setup

z

Toad I NI fS8dGQa 221 |G Iy SEIFYLX S 2 WniversaNCRIiBr&nNSy OS
Machine

Qx
[atN

The load pad with ball seat threads
into the upper yoke platen

The load ball compression adapter
connects to the load pad above and
the load cell below

Upper yoke platen —t

Hydraulic jack

Reference standard load cell

The load cell alignment plug threads into the
load cell and sits in the centering hole of the
jack compression block

The jack compression block connects to
the hydraulic jack

Figure 1 Morehouse UCM Showing Adapters to Mount a Reference Standard Load Cell in Compression

The reference load cell is mounted in compressand the breakout picture shows the adapters that are
used to mount the reference standard. These adaptecilitate keeping the line of force pure by centering
the load cell in the machine. The adapters are machined, sometimediesdtd, and use connections
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such as ball adapters and sphericals. These ball adapters considerably improve the performance
charaderistics of the load cells. Initial testing with and without the load ball compression adapter increased
reproducibility by 3@; 40 %.

At Morehouse, we calibrate the load cell using the ball adapter shéigoure 2 shows a load celith a load

ball conpression adapter being set up for calibration. The expectation from anyone making force
measurements should be to replicate use. Not doing so can produce significant errors. Several articles and
papers show dramatic differences in load cell output andqremtince by using different adapters.

Depending on the device, these errors can range from 0.01 % to 5 %.

Figure 2Load Cell Calibration in a Morehouse Deadweight Machine

Calibration with Low Wcertainties

When you think of a great reference standard load cell, you must consider the uncertainty of the laboratory
performing the calibration. This is important because the uncertainty of your new reference standard load
cell cannot be less than that of the laladory performing the calibration.

For comparison, consider a calibration at Morehouse and at NIST. At Morehouse, most of our calibrations
are performed using deadweight machines known to be within 0.00R-22J of applied force. If we use
transfer macimes, the uncertainty goes up to 0.01 % of applied force or higher. NIST has the lowest
uncertainties because they have deadweight calibrations up to 1,000,000 Ibf with uncertainties as low as
0.0008 %K = 2). On average, the price is four times highantiMorehouse at 0.002 % £ 2).

Is there a vast difference between these numbers? Not realen you look at the overall uncertainty of
the reference standard load cell and factor in resolution, repeatability, stability, and environmental
influences|f you are going for the absolute lowest value possible, go with NIST or buy a deadweight
machine from Morehouse.

Let us compare 0.002 % to 0.01 % or 0.05 % using transfer standaretde@abmeight) such as a load cell
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in a dynamic calibrating machinglost likely, there will be a significant difference because you have
changed the starting uncertainty of the measurement by a factor af 28 times that of starting with
deadweight. No matter what load cell system you purchase, it will be limited by timogh more
significant uncertainties.

Therefore, the suggested starting point is to insist on a deadweight calibration. Consider NIST if the price is
not an issue.

PriceConsiderations

If the price doesn't matter much, then a deadweight machine mimghin your future. Price is always an
important consideration. If someone says they want the best reference standard load cell, then they may
hear, "Can you wait a year to have a specialty load cell made?" That is what we did for our 4.4 MN
(1,000,000 Ibfjoad cell.

The price of the load cell and meter over a decade ago eclipsed $150,000. Each year, NIST performs a
calibration for approximately $30,000, and we get a report back with an ASTM Lower Limit Factor between
11¢ 16 Ibf. This allows us to use ®neference standard to calibrate other load cells from approximately
32,000 Ibf to 1,000,000 Ibf without changing standards. We pair this custom load cell with a $50,000 HBM
DMP40 meter, which is nearing obsolescence and will soon be replaced by the MIBNILD
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Test No.: £84.07/0-0000001609-20 Page Sof 7
Calibration Date: October 5, 2020

GTM Load Cell No. 50751, ASCENDING DATA, SECOND-CRDER FIT
Capacity 1000000 Ief Com pression, Calibrated to 4448222 N
HEM DMP40 Indicator No. 093520044

Compression Data for 23 °C £ 0.3 *C - Force Units of Ibf

Applied
Force Predicted Response Response Response
{Ibf) Response Run 1 Run 2 Run3

20000 0.035789 0035735 0035783  0,035789
30000 0.053648  0.053837 0.053635  0.053638
50000  0Q.089367 0085376 0089376  0.089373
100000 0178669 0178651 0178691  0.178688
200000 0357293 0357274 0357276 0.357274
300000 0535544 0535936 0535832 (0.535931
400000 0714823 0.714620  0.714615  0.714617
500000 0.893329 0.893345 0893338 (.893337
S00000 1.072062 1072059 1072051 1.072057
700000  1.250822 1.250836 1250825  1.250825
BOOOOO 1429609 1.429627 1429615  1.429623
900000  1.608423 1608424 1608412  1.608420
1000000 1.787265 1.787263 1787250 1.787260

The coefficients of the following equation were fitted to the calibration data using the method of
least squares. The units for force (Ibf] and response are the same as shown in the table above.

Response = A + B{force) + Ciforce)?

where A= 7.14093E-05
B=  1.78584E-06
€= 1.35715€-15

Standard deviation = 0.000012 response wnits

This standard deviation was computed according to ASTM E74-18 from the differences between the
calibration data and the fitted equation given above.

The following values, as defined in ASTM E74-18, were determined from the calibration data:
Lower Limit Factor = 16 Ibf
Class A Loading Range = 20000 Ibf to 1000000 Ibf
Class A% Loading Range = 32611 Ibf to 1000000 Ibf

Figure 3: Calibration from NIST of Morehouse/GTM Cell with HBM DMP40

Compare the $160,000 plus load cell with a Morehouse load cel2ah8indicator. In the report below,
the ASTM Lower Limit Factor is double that of the GTM/Morehouse Custom with HBM indibatgrice
is roughly1/10 of the highesperforming load cell, plus the $30,000 plus calibration.
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Test No.: 684/288900-16 Page Sof 7
Calibration Date: August 22, 2016

Morehouse Load Cell No. 58853
Capacity 1000000 Ibf Compression, Calibrated to 3558577 N
Morehouse M4215A Indicator No. 61172

Compression Data for 23 °C £ 0.3 °C -- Force Units of Ibf

Applied
Force Predicted Response Response Response
(Ibf) Response Run1 Run 2 Run3

10000 0.03172 0.03175 0.03178 0.03177

20000 0.06357 0.06352 0.06354 0.06355

50000 0.15911 0.15%09 0.15907 0.15911
100000 0.31830 031828 0.31832 0.31832
200000 0.63650 0.63650 0.63648 0.63648
300000 0.95443  0.95441  0.95443 0.95447
400000 127206 1.27204  1.27206 1.27209
450000 1.43076 143074 1.43078 1.43080
500000 158937 1.58932 1.58939 1.58940
600000 1.90633 1.90628 1.90634 1.90632
700000 222291  2.22287  2.22296 2.22291
800000 2.53908 253903  2.53920 2.53903

The coefficients of the following equation were fitted to the calibration data using the method of least
squares. The units for force (Ibf) and response are the same as shown in the table above.

Response = A + B{force) + C{force)* + D{force)?

where A= -1.34346E-04
B=  3,18545£-06
C= -1.05308t-14
D= -4.69606E-21

Standard deviation = 0.00004 response units

This standard deviation was computed according to ASTM E74-13a from the differences between the
calibration data and the fitted equation given above.

The following values, as defined in ASTM E74-13a, were determined from the calibration data:
Lower Limit Factor = 31 Ibf
Class A Loading Range = 12226 Ibf to 800000 Ibf
Class AA Loading Range = 61131 Ibf to 800000 Ibf

Figure 4: Calibration from NIST of Morehouse 1,000,000 Ibf load cell with 4215

The initial equipment price is 1/10 of the other system, and the performance is excellentgiitlias not

as good as the system costing ten times more. Most labs would love the numbers that the Morehouse
system with 4215 indicator is capable of. For comparison, the approximate price of a 1,000,000 Ibf
deadweight machine is $10,000,000, and a Q0,9 deadweight machine is around 1/100 of that cost.
However, we are not showing the full details yet. Looking at the performance characteristics sheds more
light on how good the system is.

Actual Performance Characteristics

When we look at load cellsve need to consider how reproducible the results are and how stable the
system is between calibration intervals. We should also look at creep characteristics, zero return, how well
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the load cell is temperature compensated, and wrepeatability.

Many people get caught up in the wrong things. They look at-tinearity, SEB, and other specifications.
These may not matter if the calibration is performed following a standard such as ISO 376 or ASTM E74;
then, these specifications are likely irrelevant. Thesandards use higharder curve fitting routines and

rely on the use of polynomial equations.

Some may fail to consider how good the load cell is between calibrations. You can have great calibration
numbers but then find the load cell and meter havemnsignificant drift than expected. This can increase
the overall uncertainty by two to ten times the initial calibration numbers.

What you really want to know is the expected performance of the load cell. Both ASTM E74 and ISO 376 are
standards that dan excellent job of giving us the right expectation. The better these load cells perform
when following these standards, the better we can expect the load cells to perform.

Morehouse lists how we guarantee our load cells to perform to these standardsibethese are the

performance characteristics that tell you how good the load cellhigyare not made up of numbers. They
are a guarantee of how reproducible the measurement should be when used in a similar environment.

Ultra-Precision Load Cell

» ASTM E74 Lower Limit Factor (LLF) better than 0.005 % of capacity

» ASTM E74 Class AA lower limit typically around 10 % of capacity 1,2,3

»  ASTM E74 Class A lower limit around 2 % of capacity 1,2,4

» 1SO 376 Class 00

» Calibrated using deadweight primary standards for ASTM E74 Class AA & ISO
376 Class 00

» Shear-web design available in capacities from 100 — 120K Ibf

Precision Load Cell

» ASTM E74 Lower Limit Factor (LLF) better than 0.01 % of capacity

» ASTM E74 Class A lower limit typically around 4 % of capacity 1,2,4

» IS0 376 Class 0.5 or better

»  Direct reading calibration accuracy typically around 0.05 % of capacity 5

»  Single or multi-column design load cells also available in capacities 120K —
2M Ibf

Calibration Load Cell

.
\

» ASTM E74 Lower Limit Factor (LLF) better than 0.02 % of capacity

» ASTM E74 Class A lower limit typically around 8 % of capacity 1,2,4

» ISO 376 Class 1 or better

» Direct reading calibration accuracy typically around 0.1 % of capacity 5

»  Single or multi-column design load cells also available in capacities 120K —
2M Ibf
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Figure 5: Performance Characteristics that Matter

Some simple thingare often overlooked. For example, there are somey highend load cells on the
market. The performance looks fantastic until you calibrate them. Are the load cells bad? No! They are not
bad; they are difficult to calibrate.

Numerous manufacturers make fantastic load cells that do not calibrate Thedl.is because they are less
rigid, making them super sensitive to any fluctuation. When you start with the best calibration
(deadweight), the weights tend to swing, the machines are never perfectly level, and everything deflects.

These load cells pick up all of that in the measurement, and they do not calibrate well because of it.
Some higHevel industries that own their deadweight frames have purchased these sgositive load

cells and found that they cannot get repeatablawhers because they are too sensitive. At Morehouse, we
do not typically recommend one of these load cells. Oltira-Precision load cei rigid enough to calibrate
very well. If we made a better load cell, it would be more sensitive and pick up all the calibration noise, for
lack of a better term. That brings us to overall value.

Value

What is the best value? Is it the supauper load cdlthat picks up all the calibration noise? Is it a precision
class load cell? A thorough needs assessment oftaibavesversus actual needs will lead you to the right
choice.

Our UltraPrecision load cell is an excellent choice if the goal is thedalgading range with the smallest
uncertainty However, a 500 kN (112,000 Ibf) load cell weighs around 26 kgs (57 Ib). HBM makes some
fantastic load cellswhich are alstheavy and tend to have a higher price tag.

Figure 6: Morehouse UltrBrecision bad Cell

Sometines, the HBM load cell may be the better load cell. One case would be if the requirements are for a
combined loading range using both incremental (ascending) and decremental (descending) loading.

The figure above shows an example of assheeb load cellTypicallythis is the best design for many
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compression and tension applications. Other manufacturers make this style of load cell, and many are great
if they have a tapered base and integral adapter.

Valuewise the best value might baur Precisiorclass load cells. They are almost half the price of the Ultra
Precision celland the specifications, which do not tell the entire picture, are not half as good. In fact, what
is guaranteed is an ASTM E74 Class A lower limit better than 4 %. The wafteeitalibrate much better
than that.

Pairing your load cell with the right meter is essential to maintaining performance. Suppose you have a
Morehouse UltraPrecision load cell or HBM TOPRnsfer load cell, and pair it with a commerciatb-
shdf lower performance meterThe load cell will not benefit ydoecause the meter will severely limit the
performance characteristics.

We do get asked, "What is the best meter | can use with my load cell?" The answer is an HBNI, Bx\iP

the price tag imbout $60,000. For many, this is way too expensive. A more economical solution is the
Morehouse 4215, which is about $3,000. The calibration report from NIST (Figure 4) shows a Morehouse
1,000,000 Ibf load cell using a 4215 indicator. The 4215 indicakwahout 400,000 counts compared to
2,500,000 on the HBM DMP 41.

However, buying the best load cell and meter usually requires some method to physically lift and mount the
load cell into a machine. If the calibration laboratory does not have the priffirglmechanisms, a 26 kg
(571b) lift, or heavier on shear web load cells over 50 kN, may not make sense.

Ergonomic Issues

If weight is an issue, you can get other style load cells with similar performance characteristics. However,
there is usually &rade-off in the expected performance. For example, consider our lightweight
compressioronly multicolumn load cell. The load cell is not suitable for tension applications, and the
performance idike a precision load cell with an ASTM Class A loadirgerahbetter than 4 % of capacity.
The UltraPrecision is twice agood butweighs about five times more than this load cell.
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Figure7 MorehouselLoad CelLightweight Compressie®nly MulttColumn Load cell
The bottom line is that there will always be a traolé between ultimate performance and what is generally
accepted to meet all the criteria.

At Morehouse we educate our customers and provide toatshtelp them make a decision that makes the
most sense.

| take great pride in our knowledgeable team at Morehouse, who will work with you to find the best load
cell to use as a reference standard for your application. If we do not make that load cetieshae we can
source it, put together a complete systeincluding transportation cases, and provide the best level of
calibration next to NIST.
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Force Versus Mass

Figure77: Morehouse Tensiometer

Usingmassweightsto calibrate forcedevicescanresultin alargemeasurementrror.

When metrologists talk about measurement error, we discuss the difference between the nominal value
andthe readingobservedon the instrumentwhenthe nominalvalueis applied. 1f.0,000 Ibfis applied

to aforce-measuringdevice and the readout displays 10,002 Ibf, then the device has aathfogically, f

we load the samdorce-measuringdevice to 10,002 Ibf, we will have applied 10,000 Ibf. This is a
measurement errofor whichthere can be many different causés.dscussions with mangrofessionals
insidethe weighing industrywe havefound that some labs use mass weights to calibrfaiee devices.
These include dynamometers, crane scales, handheld force gaugasaapdther types of weighing
devicesresultingin significantmeasurementerrors.

Let usquickly review the difference between mass and force. Mass, under almost every terrestrial
circumstance, is the measure of matter in an objétdwever, neasuring force takes additional factors into
account: air density, material density, and gravitiieeffect of gravitycan producesignificant errorsvhen
comparingmass andorce measurements.
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Gravity is not constant over the surface of the Earth. The most extreme difference BMh&8veen the
poles and the equator (983.2 cm/s2 at the former compared to 978.0 cm/s2 at the lattiemce
measuringdevice calibrated in one location using mass weiginisthen deployed somewhere else will
produce different physicalements and theresultingmeasurement erroranbe significant.

Correcting for the difference in force and mass measurements is possible. When adjusting a dderce for
measurements, the device will measure force without additional error for gravity correctiotieasity
corredion, andsoon.

Luckily, NOAA's website has a tool for predicting local gravity anywhere on gsthqaa.gov)Hee at
Morehousein York, Pennsylvanithe gravitational constans 9.801158 m/s2. If we compare that to the
gravity d Houston, TX (9.79298 m/s2), we find the differenc®i80084 ((9.79298 m/s29.801158 m/s2) /
9.79298m/s2), asa percentagethat is-0.084%.

So, falab in Houston calibratedfarce-measuringdevice with mass weights for use at Morehouse, we
could expect anything we weigh to be hé&nby 0.084%. Not correcting values properly can haaay
consequencesif we were shipping steel by tonnage, we would ship less steel, reducing our cost and
upseting our customerlIf asteel supplier in Houston uses a scale calibrated in York with mass weights
without correction, they will ship more steel per ton.

Note that dynamometers, crane scales, tension links, handheld force gaugesthemaimilar device are
not always "Legal for Trade Scalefhtycan be used a®rce-measuringdevices because their displayed
value can be adjusted based on a known force. If a knoass is used ogite, there is an insignificant
gravitational measuremergrror, and the device can be useas a lowaccuracy mass comparatdlany of
these instruments are used for measuring load4 adnthrough 300 tonssoit is impractical to have the
mass weights necessary to calibratesite. Therefore calibratingusingforce maybe the only practical
methodto certify the device.
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Figure78: Morehouse 2,000 Ibf Portable Calibrating Machine

Another typical example of these measurement errors occurs with scales (a mass measurementlélevice).
1,000lb. mass is used to calibrate a scale at Morehouse, and that scale is shipped to Denvew@@ it
have to be calibrated again or corrected by formula to obtain the proper mass. Just contpargrgvity in
York (9.8011581/s2) and Denver(9.79620m/s2), we find a differenceof about0.05% Thismearsthat

without correction, 1,000b. applied would read as 999.5. llf the scale's accuracy were 0.9, thenthe
devicewould be at least fivetimesgreater thanthe accuracyspecification.

Morehouse manufacties force calibrating machines with varying degrees of mobility, including highly
convenient tton capacity Portable Calibrating Machin(@gctured abovepand our Benchtop Calibrating
Machine (5ton capacity). These machines can be used to calibrate i3,msigg a correctiofiormula, or in
force. More information on thgortable andbenchtop calibrating machisean be found atmhforce.com.

Unless otherwise specified, Morehouse calibrates in potfodse. To convert to mass measurements,
usea formula

Force=M xg/ 9.80665(1 ¢ d/ D)
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WhereM =massof weightin kg g= graviaitional constanat fixedlocationin m/s?, d = airdensityin kg/n?,
and D =materialdensitykg/m?

When Morehouse converts to mass up to 120,000 Ibf, the applied foroeligplied by 1.000712003he
difference in the percentage of using mass instead of force at Morehouse is 0.071 %000iEL2003
includes correctionfor air density as wells gravity.

For ourapplicationthese values become ((mass * 9.801158 2)/&.80665 m/®) * (1 ¢(0.001185/7.8334)
Force=massx0.999288781

or

mass= Forcex 1.000711725

T FORCE 1N CALIBRATION S INCE 1075]

Enter Information in the 1 Force to Mass.
Company Name librations R Us MH Force MH Mass Mass Req'd at Customer Site [ Customer Mass Weight | Force Applied by Customer Weight | Gravity Error | _Total Error Diff
Date 4/20/2022 250.0 250.1779 2503873 250.00 249.61 -0.084% 0.1647%
Type Load cell 500.0 500.2550 500.7746 500.00 20023 -0.084% 0.1647%
Serial Number U-7643 1000.0 1000.7417 1001.5493 1000.00 993.45 -0.034% 0.1647%

Meter Serial Number MY25245 1500.0 15010676 1502.3239 1500.00 1497.68 -0.084% 0.1647%

Force Units Ibf 2000.0 20014234 2003.0085 2000.00 1996.91 -0.084% 0.1647%

Location New Jersey 2500.0 25017793 2503.8732 2500.00 2496.13 -0.084% 0.1647%
Mode Type Tension 3000.0 3002.1352 3004.6478 3000.00 299536 -0.084% 0.1647%

Morehouse Ratio (Mass/Force)

Gravity at Morehouse (m/s"2)

MH Air Density (g/cmn3)

MH Material Density (g/cmA3)

Gravity at Your Location (m/sA2)

Average Air Density at Your Location (g/cma3)
Material Density of Your Weights (g/cmn3) 8.000000]
Optional Class Wt Error % 0.01%]

Note: This sheet is ial differences from f A inty still needs if using mass weights for a force application.

LN P75 Density of air at normal pressure (1 atm) & temperature (68F)
[l stainiess stesl|Average Density for selected material

Figure79: Morehouse Force to Mas§preadsheet

Morehouse has a spreadsheet to h&lih these conversions from force to mass and mass to fdrbe.
spreadsheet will allow load cells to be converted from force to naasiprovideformulas to correct mass
weights properly for force.

Download theforce to masspreadsheethat can also be used to convert mass to fonege

The sheet presentall the information in a summary force to mass table. The total error contains an
additional error source from the mass weights class. It is added to the overall difference to be on the
conservative side.

When converting mass weights to forchetweightsare likely to be strange values that are not nominal
values. If this is an issue, we recommend purchasing weights or equipment capable of generating Forces
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correctly. Morehouse can supply such equipment. If the decision is made to convert the mass teeights
force, an uncertainty analysis will need to be performed.

Mass to Force

Mass Ib Force Desired Ibf Actual Force Ibf Actual Mass Required Difference in Ibf Gravity Error Additional UNC
250.0 250.0 249.61 250.39 0.39 -0.310% 0.01001%
500.0 500.0 499.23 500.77 0.77 -0.310% 0.01001%
1000.0 1000.0 998.45 1001.55 1.55 -0.310% 0.01001%
1500.0 1500.0 1497.68 1502.32 2.32 -0.310% 0.01001%
2000.0 2000.0 1996.91 2003.10 3.09 -0.310% 0.01001%
2500.0 2500.0 2496.13 2503.87 3.87 -0.310% 0.01001%
3000.0 3000.0 2995.36 3004.65 4.64 -0.310% 0.01001%

Note: This sheet is to calculate potential differences from Force to Mass. A full Measurement Uncertainty budget still needs to be created if using mass weights for a force application.

Figure80: Morehouse Mass to Force Tab

The above figure shows the large errors that are often unaccounted for by using mass weights for a force
application. Examples watd include using mass weights with a torque ansing mass weights to calibrate

a load cell, force gauge, crane scale, or any application that requires Tdnisds a real example of a85

% error between York, PAndWest BerlinNew Jerseyfrom assuming mass weights can be used for force
Note: The uncertainty budgethat manylabs claimis only a fraction of the total errorshown

HEATHER,

IT LOOKS LIKE THEY
ARE USING MASS WEIGHTS
TO CALIBRATE THAT
Meretroeese LOAD CELL

Diwip, IF THEY ARE
USING MASS FOR A FORCE
APPLICATION, SOMETHING
WILL GET CALIBRATED
INCORRECTLY.

OR
“Ms. WEelcHED”

Figure81: Cartoon Showing a Load Cell being Misweighed
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Aircraft and Truck Scal€alibration

Aircraft andtruck scales come in all different shapes and sizes and typically serve one purpose, to
approximate the weight of an aircraft or truck. Why might that be important?aiforafts, it is about
knowing the center of gravitfCQ. The center of gravity will influence stability and performance. Different
airplanes have specified limits for longitudinal and lateral limits. If the airplane does not meet these
requirements, it will not fly properly.

If it is rot operating properlytheresults couldbe a bad landing, handling problems, exceeding the needed
runway length for takeoff, or an adlut crash. Weighing is essential not only with dieraft empty but

with cargo and fuel. The airplane can have a good CG on takeoff, and the decreased faakeaamnc
imbalance to develoduringthe flight. Knowing the weight is also importabecausehe structural

strength of theaircraft has limits on the maximum weigtttat the aircraft can safely carry.

For trucksijt isa matter of safety and profitabilit Safetyisthe biggest concern for mosiecausean

overweight truck would have the capability to cause severe structural damage over time or immediate
damage to bridges and overpasses. Being overweight, which can lead to increased profitability for the
company transporting the products, can also interfere with the driver's ability to maneuver quickly, control
the truck going uphill or downhill, and stop. It can result in loss of balanbasted or blowrout tires due

to the pressure of the excess weighthichlead to severe accidents. The exact limit of how heavy a truck
vareshy state laws and the type and number of axles on the truck. Federal law dictates trucks must weigh
below 80,000 Ib.

Since it is essential to knave weight,it is also importat to look athow we carimprove the calibration of
these scales.
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Figure82 Morehouse Aircraft and Truck Scale Calibrator

1. We can control the equipment we purchase for calibratidn achieve proper calibration,
equipment shou be used that is plumb, level, square, and rigite above Figurés a Morehouse
Aircraft and Truck Scale Calibrator. This new machine was designed to minimize bending of the top
beam and loaebearing table, which had occurred in older Morehouse models and occurs in several
non-Morehouse products.

The plates are designed to be square and level with custom machining processes and ground to
maintain a level surface. If there is an increase indigg or uneven surfaces, the strain elements in
the scale will vary. These errors could easily be a magnitude from two to ten times the tolerance.

Also, the right equipment is stahleith enough resolution to nosignificantly impacthe overall
uncertanty. Deadweight machines would be the best, but they are not the mosteftettive and
generally are not built to support large scales. Therefore, several load cell transfer standards
calibrated by deadweight and used in a machine with fine controblldilv the operator to achieve
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the desired force point.

The Morehouse machine can generally apply forces to wtbribf, which can be limited if the

proper load cell and indicator combination is not used. On a 10,000 Ibf load cell, used with a
Morehouse HADI, theesolution of the load cell system would be 0.025 Ibf. The hydraulics and
control will vary and can typically be held te84ounts so that the control will vary between 0.01

and 0.02 IbfA skilled operator can typically control the machioewithin four counts or 0.01 Ibf on

a 10,000 Ibf load cell. Stability could be influenced by the adapters and the Unit Under Test (UUT).

1N=

a=1m/s?

1 kg

Figure83 Force Units

2. We can use the proper units for calibratiove highly recommend dhtating any scale in force
units. The scales would be calibrated in Ibf, N, or kgf at the site of calibration. Force is mass times
acceleration, and calibration in Ibf, N would be constant over the planet's surface. If someone
calibrated in mass, Ib, ogkand used the scale in a different location, they would have errors from
gravity, as well as material and air density.

Mass, under almost every terrestrial circumstance, is the measure of matter in an object. Measuring
force takes additional factors intaccount: air density, material density, and gravitysthe effect

of gravity that can produce significant errors when comparing mass and force measurements.
Gravity is not constant over the surface of the earth. The most extreme difference is 0.53 %
between the poles and the equator (983.2 cm/s”2 at the former compared to 978.0 cm/s”2 at the
latter).

A forcemeasuring device calibrated in one location using mass weights then deployed somewhere
else will produce different strains on the physical element. The resulting measurement errors can
be significant. Correcting the difference in force and mass measureniepbssible. When a device

is adjusted for force measurements, the device will measure force without additional error for
gravity correction, air density correction, and so on needed.

More information on converting force to mass and formulas can beddnour blogs
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Aircraft and Truck Scale Adapters

Morehouse has tested truck and aircraft scales and there can be a large
difference in output from using different size plates

Force Scale Scale
Applied Reading w/Reading w/
Ibf Large pad Small 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

Figure84 Difference in Adapters

3. We can control the adapters we use to simulate the footprint oftthes. Aircraft andtruckscale
calibration often requires special adapters to simulate a tire contact area with the scale. Scales
come in a variety of sizes and have specific tolerances. The problem is that not many calibration
laboratories use the right adapters. Not using thregeer adapters can result significant
measurement errors.

When an adapter is different from the tire footprint on the scale, we have fauizstantialerrors.

The above figurghowsthe calibration of a scale with a tolerance of 0.1 % of full scalegusvo

different size adapters. The adapter on the left better simulates the tire of atthekadapter on

the right simulates that of an airplane. The difference between the adapters is over 1.3 % on a 0.1 %
device. It becomes apparent quickly thatdsicale, like several others, will not be within the
specification if different size tires are used that vary from the footprint of the adapter used during
calibration. Therefore, it is imperative that all scales be calibrated with the appropriate adépters
simulate the application best
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Figure85 A TruckScale Tested with 3 Different Size Adapters

Example The above figurehows various adapters Morehouse can make. Our lab decided tthtest

different adapters that closely matched the recommended footprint of 8 x 8 on the same scale and report
the results. The adapterall made by Morehouseare shown from left to righés a D x 10-inch pad, 8 x 8

inch pad (recommended by the manufacturer), and a 9" round pad Morehouse designed to replicate a tire

footprint closely.

The Morehousevebsitecontains additional information about aircraft and truck scale calibration,
includingadapters, replicating the tire footprint, and measurement accuracy.
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Morehouse Instrument Company is ISO/IEC 17025 / ANSI/NCSLI Z540.3 Accredited www.mhforce.com
FORCE [10 X 10 PAl 8 X8 PAD| 9" ROUND PAD| Maximum %
APPLIED| READINGY READINGS READINGS Difference | Maximum
2000 2000 2000 2000 0 0.00%
4000 4040 3990 4000 50 1.25%
6000 6090 5990 5990 100 1.67%
8000 8130 7990 8000 140 1.75%
10000 10170 10000 10010 170 1.70%
12000 12190 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 19980 N/A N/A

Figure86 Data from Using the Blocks Pictured Above

The test was performed, and the output was recorded above. Any point shown in green is within the
manufacture@ specification of 1 % of the applied load. When using the recommended size adapteetwe

0§KS YI ydzFl O dzZNENDa & LIS QdperivOdesigherl 16 math e tiesfddtprintS dza SR |
When using a 12 x12 block (actual rubber footprint 10 x 10) in red, the numbers sibowea noticeable

difference outside of the allowable tolerance. Thus, further supporting that any scale calibratiod sieoul

done with the proper size adapter.

TheMorehouse Aircraft Scale Calibrator was designed to be the best option for calibration of aircraft and
truck scales of various sizes and capacities up to 60,000 Ibf. The scale is designed to be plumb, level, rigid,
and square. The transfer of force is tyglly facilitated through a load cell, and adapters are custom made

to duplicate the footprint of the tires of the airplane or truthat the scale will be used to weigh.

The errors associated with not using the proper equipment, units, or adapters deam achieving
tolerances impossibldf you need to certifyan instrumentwithin a tolerance of 0.1 % of applied force, you
may need to use several standards over the entire measurement rirthe.measurement's uncertainty is
less than the tolerance required, there will Baignificant riskMost legal metrology, ASTM E618, and
OIML R111 require uncertainties to be l&san 1/3 of the tolerance. Hence, the recommendation for
several load cells.

Measurement uncertaintpften includes the reference standard uncertainty, resolution of both the

reference and the UUT, environmental conditions, reproducibility, repeatgbstiaibility, and other error
sourceslf the machine has uneven surfaces or bending, reproducibility and repeatability will vary greatly.
Typically, one can maintain a CMC uncertainty component of about 0.02 % to 0.03 % from 20 % of the rated
capacity othe load cell in a Morehouse frame.

If a 60,000 Ibf load cell can achieve 0.025 % at 12,000 Ibf, and a 10,000 Ibf load cell can achieve 0.025 % at
2,000 Ibf then we could assume that we are meeting the 1/3 requirement on a 0.1 % device using two load
cells from 2,000 Ibf through 60,000 Ibf. If we wanted to do smaller scales, we addha 2,000 Ibf load cell

and expand our loading range to 400 Ibf through 60,000 Ibf while maintairiegter than 0.03 % CMC
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uncertainty componentThis all depends oneveral additional factors that are covered in our Uncertainty
Propagation paper fountere.

If youneed to get the most accurate measurement out of your scale and want to minimizéheskhe
Morehouse scale press with2load cell standards and the proper adapters to simulate what is being
weighed will meet your calibration needs

Thecalibratoris designed to maintain a high degree of accuracy required for proper scale certifidation
can be used with all kinds of truck and aircraft scaladaircraft weighing kits.

Calibratinghesescalescorrectlyis essential to the safety of you tite people you may know.

Tension Link Calibration

Tension Link Calibration requires advanced knowledge of the calibration process to pass an instrument.
There will be additional errors if there is any variation in the adapters used for calibration. Here at
Morehouse, we have done testing using different pin sizes and adapters. Forged pins, for example, can
differ by small amounts in diameter from pin to pin.

Depending on the Scale manufacturer, we have seen differences up to 1.7% between different sets of pi
as shown in our chapter on adaptetsyour instrument has an accuracy of 0.1%, your error could be 17
times greater by substituting pins.

We think there are8 things that need to be followed regarding tension link calibration and keeping them in
tolerance from calibration to actual use. The top 3 things to follow are:

1 Use the appropriate pin size;
9 If the pins have irregular sizing, labible top and bottom pins and note the position;
I Use the appropriate equipment and adapters.
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Use theAppropriate Pin Size

Figure87: Figure Showing Pin Size Diagram
In generalthe pin diameter and the clevis hole size must be a close fit and for safety, always use the
manufacturer's recommended pin diameter pins smaller than nec@nded can cause failure

TN G Mesehense
Proper Adapters — Tension Links

Tension Links Improper Vs Proper Pin Diameter
Difference of 860 LBF or 1.72 % error at 50,000 LBF from not using the proper size load pins.

Out of Tolerance Versus In Tolerance

Note: Tension links of this design seem to exhibit similar problems. If you are unsure, TEST!

Figure88: Figure Showing Large Pin Size Error

The above picture shows a test Morehouse performed using two different size pins, A 50 mm pin which
yielded a result of 50,000 Ibf when 50,000 Ibf vegplied, and a 1.75 " inch pin, which yielded a result of
49,140 Ibf when 50,000 Ibf was applied. The results were very significant as the manufactures accuracy of
this Tension Link is 0.1 % of full scale.
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It is an understatement to say that tensionKinalibration requires the same pin size during calibration used
in the field. Notusing the appropriate pin siz&ill almost certainly lead to significant measurement errors.

If The Pins Have Irregular Sizing, Label The Top And Bottom Pins And NoteditierP
We use the correct pins with the unit, although our pins vary slightly in diameter. However, this does not

produce significant errors a®t using the proper pin sizdt can be enough to fail the instrument during
calibration.

Figure89: Shown above are pins labeled A and B, and each corner has been labeled.

PINA PINB
QltoQ3 Q2to Q4 Qlto Q3 Q2to Q4
Diameter| 2.0005 2.0045 2.0060 2.0030

Figure90: Shackle pins were measured using these coordinates.

A maximum variation of 0.0055 isn't much, is it? This could ezegigpen with repeated loadingas most
pins are cast and will wear over time. The main issue is when the wear starts to happen, maintaining
calibration becomes more difficult.
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Tension Link Randomizing Top and Bottom Pins

50,100

50,100
50,050 50,050
080 50,050
50,080
50,070 50,070 5000 50070 0,070
50,060
50,062
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50,040
50,040 >
50 50,020 50,020 50,020
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50,010 $0,010 50010

50,000

45,980 | | I

43,960

S0000 30000 50000 30000 30000 30000 0000 30000 50000 30000 30000 50000 50000 50000 50000 %000 50000 50000 50000 30000 50000 20000 S0000 50000
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Figure91: Tension Link Randomizing Top and Bottons Pin

The above graph shows what happens when we do not label the pins and use A and B at random positions.
Some measurements are within the specification, and others are not.

Pin B (2.0030 to 2.0060) Pin A (2.0005 to 2.0045)
50,070 50,010
50,050 50,020
50,040 50,010
50,070 50,020
50,090 50,020
50,060 50,030
50,080 50,010
50,070 50,030
50,090 50,020
50,090 50,070
50,080 50,060
50,100 50,070
17.81640375 22.74696117
Out of 24 tests 13 did not meet spec + 50

Figure92: 24 Test®on the Same Instrument and 13 Failed

13 out of the 24 samples did not meet the specification. This further supports that labeling the top and
bottom pins is the best practice and should be required for tension link calibration. If your pins are worn,
we can help find replacements. We haweral solutions if your customers are not sending their pins, or
you can standardize your process with machined pins.
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Use the Appropriate Equipment and Adapters

We discuss Tension Link Calibration Adapters, including an appropriately sized Clevisa¢héo
customersupplied pin, load with the shackle, and adapters to ensure the forces are centered. Adapters
pictured below are designed with sphericals to limit misalignment.

Proper Adapters M Mesetionse

TENSION
MEVER
ASHMELY

TENRON
- MEMRER —
ADAPTER -

i Qal=

Figure93: Morehouse UCM with Tension Membgdapters

Morehouse Clevis assembly for tension adapters are used to calibrate dynamometers, load links, tension
rods, crane scales, or other weighing devices. The assemblies can be usklbreitiouse Quick change
Tension Membergo minimize errors by improving teion alignment. The Clevis assemblies are Patented
(No. 11,078,052).

The mhforce website hasore informationon Morehouse Quick change Tension Membensl
our Youtube Channel has an Easy to Follow White Board Vidéensimon Link Calibration
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Tension Link Calibration Safety Notes

/@1} -

For safety, always use manufacturers’ d
recommended pin diameter. Pins smaller

than recommend can cause loadcell fallure,
For calibration accuracy, pin diameter should
match with pin used in service,

In general .

Ensure there s a gap between TMA
(Tension Member Assembly) and the
UCM platens,

Not centering the link in the clevis will
affect accuracy and may overload the
clevis. (Verify pin sticks out both sides of
clevis,}

Most clevis max load ratings are based
on the loadcell width being close to the
clevis opening. If the loadcell is
noticeably smaller, the operator should
not proceed until they are sure the clevis
is safe for the given setup.

Figure94: Tension Link Calibration Safety Notes

1) Ensure the clevis pin is fully inserted. If the design includes safety pins, ensure they are installed before
loading.

2) Some tension link load cells are designed with a mgtiadrical hole or very large chamfers. This
effectively reduces the contact area on the pin and will decrease the maximum load capacity of the pin.

o0 bSOSNI dzAS FAEGINNBa (KFd R2y Qi KIFJS {Nradgsk o At Al
must be reduced if the setup does not match the original design intent.
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ReplicatingEquipment Use

At Morehouse we occasionallyget calls frontustomers opotential customers asking why they get
different results tharwhat we achieved during céliation. In the case of an existing customer, we often
learn newinformation that wedid not have before. For examplgthe equipmenthey used to generate the
force is not plumb, level, square, rigat,low torsion. Another common isswee find isthat someoneis
checking the calibration with Mass weightghichare vastly different from weights adjusted for force.

When we get the call from potential customers, we typically fimelcommon theme is that many
calibration providerslo notreplicate actualsewhen theycalitrate equipment.

This sectiowill look at common error sources and examhmv calibration setups ithe Morehouse
deadweight and calibrating machines best replicate field Specificallywe will reviewfield use in the
context of performing calibrations following 1ISO 7500 and ASTelzdral other examples and loading
conditionsthat can impact calibration resultse covered in the next section

Common Error Sources in Force Calibration

Figure95 Compression/Tension Machine thBbes NoReplicate Field Use

The forcemeasuring instrumer® enduser must ensurg¢hat the calibration laboratoryeplicates how the

ForceCalibrationfor TechniciansTopConditionsMethods,and Systemghat ImpactForceCalibrationResultsv/

102023 Author:HenryZumbrun MorehousédnstrumentCompany Page106



Morehouse Instrument Company
0440/1/0/&0%0 1742 Sith Ave.
York, PA 17403-2675

THE FORCE IN CALIBRATION SINCE 1925
(717) 843-0081

instrument will be usedAs shown in the above figure, specifaibrating machinethat perform tension
andcompression in the same setup do not replicate use.

Many calibration laboratories are capable @fplicainguse if theydzd S (1 KS Odza iah& SN & | RI L
independent setups focompression andension. However, this takes more time and raises the cost, so it is
done infrequently.

Fixturing and adapters used with a fongseeasuring instrument may significantly contribute to the ferce
measuring instrumer@ overall uncertainty. Morehouse has obged errors as high as 0.05 % of the output
using top blocks of different hardness. Common error sources for force calibration include:

1 Not replicating via calibration how the equipment is being used

Not using independent setups foompression and tension when calibrating to ASTM E74 or ISO
376.

Alignment whichcan be overcome with proper adapters

Using a different hardness of adapter thahat was used for calibration

Usingadifferent size adaptethan what was used for calibration

Loading against the threads instead of the shoulder

Loading through the bottom threads acompression

Temperature effects on neoompensated forceneasuring instruments

Temperature effect coefficients on zero and ratedput

Cable length errors on a fowvire system

Using electronic instruments (indicators) that were not used during calibration

Using an excitation voltage that is different from the voltage used at the time of calibration
Variations in bolting a force traducer to a base for calibration while the application is different
Electronic cabling regarding shielding, proper grounding, use ouserof sensing linesy cable
length

Failure to exercise the foremeasuring instrument to the capacity it was caltiechat before use
Difference between the output of a higiuality force transducer when compared to the current
machine and realized value from the deadweight calibration

=4 =4 =4 4 =4 4 -4 -4 -8 -8 -8 =

= =4

Morehouse has severalticles videos webinars, and othetraining coursesincluding orsite
courses that focus on these error sources and how to correct them.

The primary focus of this chapter istrusing independent setups faompression and tension when
calibrating to ASTM E74 or ISO 3iflependent setups are required for almost all calibrations done to
calibrate the testing machine following ASTM E4 or ISO 7500 requirements.
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Replicatng Field Use is Best Practic€alibrationusing Different Setups for Compression aiiénsion

The load pad with ball seat threads
into the upper yoke platen

The load ball compression adapter
connects to the load pad above and

the load cell below

Upper yoke platen

Hydraulic jack

Reference standard load cell

The load cell alignment plug threads into the
load cell and sits in the centering hole of the
jack compression block

The jack compression block connects to
the hydraulic jack

Figure96 Morehouse WiversalCalibratingMachinewith a CompressionSetup for theUnit UnderTest

At Morehouse, we often get asked questions suchtiaghy should we use your machirePhis is a fair
guestion to answerOnre reason is cost. The machine ranks among the most versatile andftadive
solutions on the market to calibrate all different types of force instruments. Howdvemost important
answer is that ouMorehousemachinesallow the enduser tobestreplicate how the equipment is used in
the field. For examplethe enduser can havéifferent setups for tension ancbmpressioranduse the
proper adaptersasrecommended by severalublishedstandards
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Figure97 MorehouseUniversal Calibrating Machimeith a Unit Under Testn Tensiorusing ISO 376 Compliant
Tension Adapters

What ReplicatesHeld Use is oftenBest Practice

Toreplicate field use, different setups need to be made with different adapters for tension than
compressionThetwo MorehouseUniversal Calibrating Machiriguresaboveshowdifferent setups for
compression and tensioffhese are drastically differentoim the figureCompression/Tension Machine that
doesnot replicatefield use wherecompression and tension are done using the same setup.

Knowing the importance of replicating field use, the committee that drafts the ISO 376 standard has written
specificguidance on adapters. The ISO 376 recommended adagivenst include a recommendation for
an adapter capable being used for both compression and tension calibrations
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Figure98 Morehouse Tension Adapters Designed Using Recommendations from IS0 376

Figure99 MorehouseCompressiodapters Designed Using Reanendations from ISO 376

Most testing machines calibrated to ISO 7500 or ASTM E4 are calilmatmpression and tension. The

technician will use different setups for each mode. Most will use calibration adapters as recommended in
ISO 376 section A 4.1, which sta@syading fittings should be designed in such a way that the line of force
appliation is not distorted. As a rule, tensile force transducers should be fitted with two ball nuts, two ball
cups and, if necessary, with two intermediate rings, while compressive force transducers should be fitted

with one or two compression pads!
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