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Introduction

Morehouse Instrument Company has shatemendousknowledge throughout the years with blogs,
technical papers;lassesand 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 someone is new to calibration or metrdlbgye is so much
to digest that people can quickly become overwhelmed. Some have joked that an introduction to metrology
is likedrinkingthrough a firehouse

Morehouse has createthis book to help anyone with their force measurement needs or challenges to
simplify thing. The bookwill help anyone fom beginner to seasoned metrologistsis a combination o&
centuryof experienceconcerningnaking force measurements

Even seasoned metrologists or technicians with years of experience may learn something thésv, or
document carbe a refresher fomore advanced peopldn either case, the knowledge gained Wwélpyou
become betterand help make better force measurementsmake the worldsafer.

We hope yotenjoy it!

Note: The book revisits certain concepts and definitions multiple times. This deliberate choice aims to
improve reader understanding. By grouping related information within specific sections, readers can easily
navigate to a particular topic, ensuring thiigd the necessary information to comprehend that specific
subject effectively.
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Figurel: Force Calibration Basics
Force Calibration and itsnportance.

What isForce Calibratiof2

In his second law, Sir Isaac Newton stated that force controls motion; therefermust 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 wherenl Barth the same
force willberequired 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 = rAxstjown in the illustration
below, force isa derived unifrom the SI base units of Mass, Time, and Lengtle International
Committee for Weights and Measures in the Bureau International des Poids et Mesures (CIPM/BIPM)
defines 1N as the force required to accelerate 1 kg to 1 meter per second per second in a.vacuum
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SIBASE UNITS | JS¢fivedunits | ) b ERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS

Solid lines indicate multiplication, broken lines indicate division

kilogram

ABSORBED DOSE
STRESS DOSE EQUIVALENT

wa!t\“ (J/s)  becquerel 1 /s) hert@(l/s)

ACTIVITY = FREQUENCY -
(OF A RADIONUCLIDE) =~

meter

"-_ ENERGY, WORK, = POWER,
- QUANTITY OF HEAT = HEAT FLOW RATE

katal (mol/s) 3
( : CATALYTIC -
ol ACCON : Aot
AMOUNT OF -
SUBSTANCE “coulomb
ampere
POTENTIA

il 5 e o ELECTROMOTIVE
ELECTRIC CURRENT \ CHARGE B FORCE

second

INDUCTANCE MAGNETIC
FLUX DENSITY

mole MAGNETIC

FLUX

degree (K) farad (CN) = ohm (V/A)  siemens (1/Q)
kelvin - Celsius G
K e AW W R »
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candela cd S (cdsr)  Steradian

LUMINOUS INTENSITY 4,
ILLUMINANCE LUMINOUS SOLID ANGLE PLANE ANGLE
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Figure2: Sl Unitcourtesy of NIST

Calibration is the comparison of an unknown (typically referred to as the Unit Under Test or UUT) to a
device known withira specifieerror (typically referred to as the Calibration Standard or Reference
Standard)o characterizeéhe unknown.Therefore, force calibrationomparesa force instrument to a force
reference standard to characterize the instrument.

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.
Ensuring the steel is tested, and the cables are appropriately checked for prestress-tansimt is

essential Bad things happen when these measurementsiacerrectly done as shown below.
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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 applestionwide the 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 generalforce measuremenis performed so frequently that we take it for grantédowever, émost

every material item is tested using some form of traceable force measuremestingmay vary from
sample testing on manufactured Igtscludinganything from the materials used to build your house to the
cardboard oratoilet paper roll.

How aTransducer 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 aiSuthner
examples are:

s
.

ANNYATY

| yImod ks

Figure6: A Battery is a Transducer

1. A battery is a transducer that converts chemical energy into electrical energy. The chemical
reactions involve electronfowing 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 cetfie mechanical energy is converted into equivalent electrical
signals.
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Gompression and Tension Force Calibration
Thissectioncovers compression and tension and how they relate to force calibration.
What isCompressiorCalibration?

When discussing compression calibration, we should think about something being compressed or squeezed.
| like to describ&ompression calibration as pushing or squeezing something.

Compression calibration can be thought of as compressing or pushing

Figure9: Compression Calibration Examples

Above are two examples of a compression setup in a calibrating machine. The machine on the left
compresseoth load cells by creating an upward force. The picture on the sigbivs a deadweight
machine compression setwphere a downward force compresses the load cell.

The key to this type of calibrationéssuring everything is aligneandthe 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
adapters 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
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What isTensionCalibration?

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

Tension calibration can be thought of as pulling or stretching the
material

Figurel0: Tension Calibration Examples

Above are multiple examples of tension setups in calibrating 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 haheld force gauges. The picture on the right shows a loddixeired
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 1SO 376 Annex gives excellent guidance on adapters that help keep the line of forcestates It
dLoadingfittings should be designesbthat the line of force application is not distorted. As a rule, tensile
force transducers should be fitted with two ball nuts, two ball grsl, if necessary, with two intermediate
rings, while compressive force transducers should be fitted with one or two compressiog?pads.
Morehouse follows the ISO 376 standard for several of our products. We also design adapters to help
technicians and endsers replicate and reproduce calibration results.
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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.

Figurell: An Example of a 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 chaicksling the mechanical
structure,gauge pattern, gauge placement, and the number of gauges

Sometimesyou may only have one straingge. Two can be common in cheap loadcells like bathroom
scales Four is the most common. More gges are usually used to increase some aspects of performance.
Sixtyfour is the mosts S QedeBheard of o one bridye.

Compression shortens the wire, causing a decrease in its resistance, while tension stretches the wire,
causing resistance to increasewe can imagine a column with strain gauges on it and we apply a
compressive force, its diameteyill increase, and when a tensile force is applied, its diameter decreases.

The proportional change in diameter is predicted by Poisson's fRtigssion's ratiois theratio of
transverse strairfjchange in diameteitp axial strainichange in length)

If a strain gauge is bonded to the column to measure this circumferential strain, the strain gauge's
resistance changes directly in response to the applied force. The change in resistance of an axially oriented
strain gauge is opposite to that of a circiardntially oriented strain gauge when force is applied.

When wemeasure the resistance of the gauge under load, the foarele computedA meter or indicator
displays the force measurement value when hooked to a load cell. A load cell may be calibrated at a
company like Morehouse using deadweight primary standards known to be within 0.002 % of applied force.
The machine's deadweights arejasted for local gravity, air density, and material density to apply the

force accurately. The weights are used to calibrate the load cell, which may be used to calibeate ot
instruments or calibrate and verify a testing machine.
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Calibration versus Verification

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

What isCalibratior?

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)
to characterize the unknowrthus, ve are comparing 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 intereaistare drift and

other characteristics areontrolled Thus, i simple terms, calibration can be thought ofvadidation

S\ Ch dderstonse
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 interdsoagise
manyassume calibration is also an adjustment. It is not. The VilMdasin Note 2 "Calibration should not

be confused with a measuring system, often mistakenly called-Caéliration," nor with verification of
calibration."” Think about it this waywhen you send most instruments to a National Metrology Institute
such as NIST, they only report tReS @A O S & dpedifi¢ poidizSand the assoid measurement
uncertainties. Why? Because the euaser can take those values and use those values with the associated
measurement uncertainties as a starting point to characterize whatever is being tested. Measurement
uncertainty will be explained in theext section.
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When an eneuser uses a calibrated device, it is often under different conditions than when it was
calibrated. For example, if Morehouse calibrates a device in one of our deadweight machines kiewn to
better than 0.002 % of applied force, and the eumgkr later uses this device, the conditions will vary. It is
almost certain that their use conditions do naxtactly replicate the lab's calibratioror example, the
temperature, rigidity of the machine, and hardness of adapters could vary, and their machilate

introduce torsion, etc. Thesare afew of several conditions that can impact the results.

I wantto 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. Fusernd
then varies those conditions, which adds additional measwnt uncertainty. Therefore, the engser can
use the calibration data as a starting point to evaluate their measurement uncertainty.

What isVerification?

The VIM in section 2.44 defines verificati@s the provision of objective evidence that a given item fulfills
specified requirements.Then the VIM goes on to list several additional examaad notes
1 Example 1: Confirmation that a given reference material as claimed is homogeneous for the
guantity value and measurement procedure concerned, down to a measurement 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, measurement 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 specifications are met.

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 not be confused with calibration. Not every verification is a validation.

Note 6: In chemistry, verification of the identity of the entity invohardf activityrequires a description of

the structure or properties of that entity or activity.

For example, 40,000loadcell, like the one shown below, is submittedNtwrehouseand found to be
within = 5 Ibf, per the customer's required tolerance of 0.05 % of full scale
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Merefrott3e

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 perfaatibrationby reporting the applied force and
the device's corresponding measurement values for calibration. ;kthep make a conformity assessment,
a statement to the enduser that the device isither in or out oftolerance.Theytypically say a device
passes calibration or fails calibration

The critical detail here is th@easurement 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 shiwat calibration and verification are different
Measurement Uncertainty
What isMeasurement Uncertaint$

What measurement uncertainty is not is just an error. Understanding the differences between these two
terms is imperative, as they are often confused. Measurement error is often described as the difference
between the measured value and the device's acuadlie,or artifact being measured (measured value
minus a reference value). We often try to corr&abwn errors by applying correctisrfrom the calibration
certificate. These corrections can be a curve, a diagram, a table, and all items found irohtite 1
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 amegative parameter characterizing the dispersion of the
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guantity values being attributed to a measurand, based on the information used. The VIM goes into further
detail with several notes about the components of measurement uncertainty, such as those arising from
systematic effect, components associated withiregtions, assigned quantity values of measurement
standards, etc. Measurement Uncertainty compromises many components.

OIML G 19:2017 sums up 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 believed to be known."

Note: A known measurement error should be reported together with an associated uncertainty.

One of the best guides to Uncertainty is JCGM 100:2008 Evaluation of measurement Gatde to the
expression of Uncertainty in measurement, free to download at
https://www.bipm.org/documents/20126/2071204/JCGM_100_ 2008 E.pdf/cbOebtzf511cE3f85
4dcd86f77bd6?version=1.12&t=1696944486074&download=true

In general, when you calculate measurement uncertainties follotvindSO "Guide to the Expression of
Uncertainty in Measurement" (GUM) and ILAC (International Laboratory Accreditation CooperatibalsP
required by ISO/IEC 17025 guidelines for calibration labs, you will need to consider the following:

Repeatability (Type A)
Resolution

Reproducibility

Reference Standard Uncertainty
Reference Standard Stability
Environmental Factors

=A =4 =4 -4 4 =4

Morehouse has written several published documents on the topic of measurement uncertainty.
have created a spreadsheet tool to help everyone correctly calculate uncertainty for force follown
accreditation requirements and in line withe Guide to the expression of uncertainty in
measurementThat toolcan be downloadedtiere.
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Why is Measurement Uncertainty Importar®

A robust evaluation of measurement uncertainty helps suppwetrological traceability and measurement
decision risk. It refers to the extent to which measurements can vary and provides an estimate of the
confidence in a measurement result. Measurement Uncertainty is crucial for deamsikimg as it helps
users unérstand the reliability of a measurement.

The uncertainty of the measurementustbe reported 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 cusiotegou to make

a statement of conformance on whether the device or artifaciis § KAy G KS | @OSLIil yOS 1T 3
tolerance .0t may need to be considered if you do a test and want to know if the device passes or fails.
Measurementuncertainty is required to establish your measurement traceability, which isetbin the

VIM as the property of a measurement result whereby the result can be related to a reference through a
documented unbroken chain of calibrations contributioghe measurement uncertainty.

Measurement Traceability and Uncertainties

Typical Metrological Traceability Uncertainties for Force Measurements

Traceable to SI through a National Metrology

Sl Institute (NMI) recognized under the CIPM MRA

| %
: W = 3 i
‘ National Metrology h
Institute (NMI)

Typical Uncertainties for Force Measurement k =1

Primary Reference Laboratory NIST'= 0.0004.~0.0003 %

Meoretoese Instrument Company Moretorwse = 0.0008 %
L Accredited Calibration Supplier = 0.02 %

Working Standards =0.1%
Field Measurement = 0.5 %

Measurement
Uncertainty Data
is cumulative
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
calibratingyour device or artifact can perform the calibration. If you need a device to be knobewithin

less than 0.02 %, you must use 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 cdirate or verify your device or artifact.

Measurement uncertainty also keeps us hon&ippose laboratoryclaimstraceability to Sl through NIST
the more significanthe uncertainty,the further away from NIST. The above picture shows this conttept
further away from Sl units, theore significanthe uncertainty.
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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 their measurement risk. We have been successful in helping our customers make
better measurements for over a century.

Morehouse hagideos on measurement traceability, risk, arwhfidence We havea 6-minute easy
to understand video that ties everything togethevleasurement Confidence Video
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Load Cell Terminology

Nonlinearity, HysteresisNon-Repeatability Static Error Bandand Creep are 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

specifications found onadibration certificates

When lroken out individually, these terms can heglpu select thesuitableload cell for an application.
Sme of these terms may ndite as importantoday as theywereyears agdecausebetter metersthat
overcome inadequate specifications are availalleeexample ifNon-Linearity An indicatorcapable of

multiple span points can significantly reduce the impac lofad cell's noHinear behavior.

The meaningsf these terms are described in detail 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 +10 +1.0

Figurel5: Morehouse Load Cell Specification Sheet

Nor+linearity: The quality of a function that expresses a relationship that is not one of direct proportion. For
force measurementd\on-Linearityisthe algebraic difference between the output at a specific load and the
corresponding point on the straight line drawn between the outputs at mininameh maximum load. s
usuallyexpressed in units of % of full scale. It is usually calculated betwee®% othe full scale.
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Figurel6: NonLinearity Expressed Graphically

Nonlinearityis one of the specifications that would particularly 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 gives the-aadr an idea of the anticipated error or deviation from the
best fit graight line. Howeversuppose the endiser hasan indicatorcapable of multiple span points and
uses coefficients from an ISO 376 or ASTM E74 calibration. In thatresenlinear behavior can be
corrected,and theerror significantlyreduced.

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 it by force applied at full scale and 0. For example, a
load cell reads 0 at 0 and 2.00010 mV/V at 1000 Ibf. The formulddvibe (2.0001@)/ (10000) = 0.002.

This formula gives you the slope of the limgsuming a straigHine relationshipSome manufacturertake

a less conservative approach and use highreler quadratic equations

Plot the Non-Linearitybaseline as shown below using thederapplied * slope + Intercept or y = mx +b
formula If we look at the 50 Ibf point, this becomes 50 * 0.0020001 +0 = 0.100005.af @slbf, theNon
Linearitybaseline is 0.100005.

To find theNon-Linearitypercentage, take the mV/V value at 50 Ibf minus the calculated value and divide
by the fullscale 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 Potential Shortcomings

Nonf AySIFNARGE A& | 3ANBFG gle G2 @GAadd tAl S K2g YdOK

However, all points may be perfectly lineget if the full-scale point is notinear itself, the rest of the
points will appear to be noctinear.

Some manufacturers use higherder equations to improve their nelinearity specification. Therefore, it is
important to ask them how they calculaion-Linearity.

At Morehouse, we use the more conservative strailjit approach method.
NontLinearityCalculations

Calculate Slope

S|Op€ = (@art(force)c FU”ScaI@Jrce)) / (Ostart(responseﬁ FUIlscaI@Sponse)

Calculate Intercept
Intercept = FullScalgce) ¢ Slope x FullScalgponse)

Calculate NorLinearity per Response
NontLinearity = (Pointrce) ¢ (Slope X Poigtsponseyt Intercept)) / FullScalgce)

For example, a load cell reads 0 at 0 Ibf, 1.20003 at 60Aridf2.00010 mV/V at 1000 Ibf.
To calculatehe Slope the formula would be (€000) (0-2.00010)= 499.975001249937
To calculate the Intercept 10@0(499.975001249937 2.00010) 0.0

Non-Linearity = (60@ (499.97500124993%7..20002+0))/1000 ©.00000999

This value is 0.0®%99 % or 0.0246 using the 600 Ibf (60 %) point.
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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 1.00005 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

Figurel?7: NonLinearityExample

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 magnetizing force. For force measurdrystagesis 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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Figurel8: 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 output than the ascending curve.

If the enduser uses the load cell to make descendimgasurements, theynay want to consider the effect
of Hysteresis.

HysteresisPotential Shortcomings

Errors from hysteresis can be high enough that if a load cell is used to make deseradmgements, it
must be calibrated with a descending range. The difference in output on an ascending curve versus a
descending curve can Isgnificant

At Morehouse, our calibration lab sampled sevéoad cells from five manufacturers, and the results were
recorded. The differences between the ascending and descending points varied from 0.007 % (shear web
type cell) to 0.120 % on a column type cell.

Calculate Hysteresis
Hysteresis = | (Ascendif@ponsey FullScal@sponse) / Descending:sponse)
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Non-Repeatability The maximum difference between output readings for repeated loadings under
identical and environmental conditiongsually, this is expressed in units as a % of rated output (RO): Non
repeatability 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 howllipp@iform under

different loading conditions (randomizing the loading conditions). At Morehouse, we have observed
numerous load cells with good narpeatability specifications thagerform poorlywhen the loading
conditions areandomizedor the load cell is rotated 120 degrees as required by ISO 376 and ASTM E74.

The calculation bnon-repeatability is straightforward. Firstompare each observed force point's 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@m run,then take the maximum of
the three calculations.

non-repeatability calclulations

Run 1 Run 2 Run 3
4.0261. 4.02576 4.02554

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

Figurel9: 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$4)*100BS (U4-W4)/AVERAGE ($U$4: $W$4)*168BS(W4-V4)/AVERAGE($US$4: $W$4)*

Non-Repeatability (%FS)= =MAX(U9:W9)
Figure20: NonRepeatability Calculations

Static Error Bandis the band of maximum deviations of tlescending and descending calibration points
centered on thebestfit straightline through zerautput (0,0) It includes the effects dflon-Linearity,
Hysteresis and nonreturn to minimum load SEBs usuallyexpressed in units of @f full scale Thus,a SEB
of 0.02 % of & would have a maximum error of 0.02 % of itsdadlle capacitySEB is a helpful tool in
determining how accurate a load cell is.

SEB is calculated find a line that results in thelightestmaximum error. This line also needs to fit through
the origin (0, 0)so only the slope needs to be calculated viery) / (x+x%). The best approach is to iterate
across every pair of percent force applied of full sc#e=gpand the zero adjusted responses.
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For each pair, calculate the slope, use the slope to calculate the percent error for ath@tl ke the
fFrNBS&ad SNNRN IFa GKIFIG at2LI5Qa aloazfdziS SNNRNE O ¢
the smallest absolute error value.

SEBPotential Shortcomings

If the load cell izised for ascending measurements aratcasionallydescendingneasurements are
needed The user may want to evaluatdon-Linearityand Hysteresis separatelyas those two definitions
Y@ LINRPDARS I Y2NB | OO0OdzaN>Y S RSLIAOGAZ2Y 2F GKS 2R

What needs to be avoided is a situation where a load cell is calibrated following a standard such as ASTM
E74 or ISO 376 and additional uncertainty contributors for-Nioearity and Hysteresis are added. ASTM

E74 has a procedure and calculations that, whalowed, use a method of least squares to fit a polynomial
function to the data points.

The standard uses a specific term called the Lower Limit FadtBywhich isa statistical estimate of the
error in forces computed from a foremeasuring instrument's calibration equation when the instrument is
calibrated following the ASTM E74 practice.
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SEB Calculation

Excel Macro Snippet
' lterate across every pemmutation of 2 points
Foi=0ToN-1
'Startati+ 1 to duplicating work, reducing iterations
Foij=i+1ToN-1
'Prevent checking the same point and dividing by zero
Ifi<> AndPercentFg+Percent-jj<>0Then
tempSiope =(Vj+Vi)/ (R + Ri)
maxEnmor0
tempSloper(Responsgs-2, 1) +Responsdis-2, 1) / (Percent§+Percentg)

' Ensure we dont accidentally set the minimum error to O or divide by O
iftempSlope=0Then
Fork=0ToN-1
tempEno=(Responsdet+2, 1)-tempSlope PercentHK)) /tempSlope

'Take the largest error for this Slope
If AbgtempErroy>AbgmaxEmrg Then

' Find the slope that provides the lowest maximum error

If ISNuiminErro) OrAbgmaxEmor<AbgminErro) Then
minErmo=maxEiror
sebSlopesiope

End If

End If
End If
Nexi
Nexti
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Figure21: Static Error Band and Other Specifications Displayed Visually

Because of what it captureStaticEror Band rmight be the mostexcting term. If the load cell is always
used to make ascending and descending measurements, this term best describes the load celksractual
from the straight line drawn between the ascending and descending curves.

Earlier | noted thatthe enduser might want to consider the effects Hfsteresis unless thayse the load
cellasdescribed above becauselatic BEror Band would be the better specificatiohe eneuser could
likely ignoreNon-Linearityand Hysteresis and focus atatic error band and non-repeatability.

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., ascending and descending.
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Creep

Creep The change in load cell sigacurringwith time while under loacind with all environmental
conditions remaining constant.

Load Cell Creep Returifhe difference between the load cell signal immediately after removal of a load
applied for a specific time interval, environmental conditions, and other variables remaining constant during
the loaded interval and the load cell signal before kbwd application Load Cell Creep Return is commonly
expressed in units of % of applied load over a specified time interval. It is common for characterization to
be measured with a constant load at or near capacity.

Creep RecoveryThisis expressed as a percentage difference calculated by dividing the change in output at
zero force following a creep test by the initial zero force output at the start of the creep test and then
dividing by the output during the creep test.

Note:For many tests to determine the creep specifications, a constant temperature is maintained to
eliminate the effects of thermal expansidnis also important to note that fanany load cells, creep gets
better with time.

To learn more about load cell creep, check out lolog.
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How Load Cells Work Stress, Strain, and Elasticity Basics.

It is essential to understand the common types of load cells used in force measurement and choose your
application's suitable load cell.

Strain

Mostload cells are made with strain gauges, and unsurprisingly, their job is to measure strain. But what is
strain? Simply stated, it defines how much a material stretches.

2 KSYy 4SS Y2dzyd | adNI Ay 3L dza3S G2 | o02Reéx Ada tSy3aick
to denote that increase or decrease with the Greek letter Delta, D, as shown below.

Figure22 Examples of Compressive and Tension Strain.

The figure above showBdecreasing when the material is pushed on and increasing what the material is
pulled on.

Typically, many load cells are wired that a meter will read a negative value in compression and a positive
value in tension.
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Strain is then defined as tt@hange in the length divided by the original length and is symbolized

08 UKS DNBS|T fSUGGSNI s 6SLIBAT2Yy0d al GKSYFGAOIff
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The units of length usually cancel, and we call it a dimensionless unit. However, it is often denoted with
units such as mm/mm or in/in to keep track that we are referring to strain.

It is interesting to note in the above figure that the overall length of the bar changes more than the strain
gages. However, they both experience the same strain. Adding numbers to the figure above when the
length changes 0.167 % we get:

Strain gage original lengtB=n ¢ n €| Strain gage increase in {OGNYAyTnodnnnméKkn
length=0n n n m ¢ 0.00167in/in

FNI 2NRIAYEFE €Sy, F NI AYONBFA&S Ay |[{ (NI Ay 0 & IDI6Pia/in

FNI2NRIAYEFE €Sy, F NI RSONBIF &Sa Ay Strain=n ®n n p €006E7 infin

LGQa £ &2 indrébeShe ledgth 6f tha Far, ibvdll stretch more, but the strain will be the same.
This is true as long as the cresection of the bar and the applied force remain the same. For example, if
GKS O0FNJadFrNISR +ta cé¢ gAGK GKS alyYS F2NOSz (GKSyY

| Bar original length & £ |.INJAYONBIF &S AY [{GNIAYT nonmnékd
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Stress

External forces will obviously cause strains in a body. But instead of talking about forces directly, we
introduce the relatedterm ol 1 NS da > RSYy20SR o6& GKS fSGG4SNI " o6aArdavl
materials.

Stress is defined as force per unit aaad is typically measured in unitslbfin? (psi) or N/m? (Pa
or Pascals). Stresswritten mathematically:

Stress @

[

© = Stress
F = Force Applied
A = Cross section area on the force is acting

Cross Section B
Cross Section A

Height
Figure23/ | £ Odzf F GAy3 / Nr&aa {SOGA2y {dGNBaa " IT

Given that the Height is 20 mm, the Width is 20 mm, and the compressive force is 100 Newton, we can
calculate the stress at crosgction A.

U =100N/(.02m*.02m) = 250,000 NA®250,000 Pascals (Pa) = 0.25 MPa

We note thatthe cros& SOG A2y | NBI adK2g4y | 02@0S Aa (K
the same. But if the size of cre8sS OG A2y d&. ¢ A& SyflF NASRX (K
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Cross Section B

Cross Section A

/ NBRL & .{ SOiGA2Yy {(GNB&a

Figure24/ | £ Odzt I G Ay 3
LINB&dadz2NB A& YSFadz2NBR Ay
¥

LGiQa y2 O0O2AYyOARSYyOS (KI
aiNBaaz 2N I LINB&aadaNBE Oly o6S 2daid
pressures are forces acting on the external famfes body. Stress is a force internal to the body.

' YFGGSNI 2F 6KI
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Modulus of Elasticity

Having defined the terms of Stress and Strain, we now show they are related by a property called the
Modulus of Elasticitylt is written mathematically:

Modulus Of Elasticity (E)

{AYOS {GNIAY A& 4FAR (2 068 RAYSyarzyfSaazr G(KS dzai
GigaPascals (GPa) of B®|

The Modulus of Elasticity for most materials is published by manufacturers. Here are some typical values:

Aluminum 10 * 10 PSI
Steel 30 * 1 PSI
Copper 16 * 1 PSI
Titanium 16 * 10 PSI
Brass 14* 1P PSI

Upon rearranging, we see that if we know the force acting on a badythe Modulus of Elasticity, we can
predict the stretching or shrinking of that body.

CA El 1-AFeb6E—§¥q

From this equation in thehart, we can observe that E is three tintegher for steel than aluminum. This
means that steel part will stretch 3X less than the same part maééuofinum We referred to strain as
YSIYyAy3 aaiNBGOKéd 2SS OFly tA1SsAEAS GKAY]l 2F 9 |a
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TheStressStrain Diagram

Engineers use the stresgrain diagram to quickly understand important aspects of material behavior. By
plotting stress against strain, we can see how a material behaves as forces increase.

The graph below, typical for most engineering metals, is divided into elastic and plastic regions. Elasticity is
the property of a material that allows it to return to its original shape and size after removing an applied
force. In the plastic region, thferces are so high that the material is permanently deformed when the

forces are removed. Anyone who has played with a paperclip will already have some intuition of this
behavior.

Ly GKAA 3INILKI ¢S AYIiNRRdzOS GKS GSN¥Y W, AStR {(GNBaa
very small amount of plastic deformation occurs. We usually limit rated capacity to less than 1/3 the Yield
Stress for a load cell to operate coctly.

We also note that the Modulus of Elasticity only applies in the elastic region. By definition, it is the slope
(Rise/Run or Stress/Strain) of the straight curve in this region.

Elastic Region Plastic Region

o (stress)
“force”

e (strain)
“stretching”
Figure25 Graph showing the Strestrain Diagram (Young's Modulus)
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Types of Load Cells

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

The four types of load cells typically used in force measurement are bending beam, shear beam, miniature,
and column. Waewill describe the common types used as reference and field standards bidiamy other

load cellsare shown incommercial applications, such as scales used at supermarket checkouts,-weight
sensing devices, and weighiscales

Meretrottd3e.

Figure26: Types of.oad Cells
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Sbeam (Stype)

The Sbeam is a bending beam load cell typically usedeighing applicationsnder 50Ibf. These load cells
work by placing a weight or generating a force on the loadsaslétal spring elementwhichcauses elastic
deformation. The strain gauges in the load cell measure the fractional chatigelength of the
deformation. There are generally four strain gauges mounted in the load cell.

Figure27: SheamlLoad Cell
Advantages

1 Ingeneral, linearity will be enhanced by minimizing dedlection ratio at the rated load to the
length of the sensing beam, thus minimizing the change in the element's shape

9 Ideal for measuring small forcesdefined asunder 50Ibf) when physical weights cannot be used.

9 Itis sited for scales or tension applicatians

Disadvantages

The load cell is susceptible to -@ikis loading.

Compression output williffer if the loadcell is loaded through the threads versus flat against each
base

1 Typically,it isnot the right choice for force applications requiring calibration to the following
standardsASTM E74, ASTM E4, 1ISO 376, and 1ISO 7500.

)l
1

Watch thisvideodemonstrating tle misalignmentdue to offaxis loading.
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Shear Web

We believe that the shear web is a shear beam loaddedll as a calibration reference standard égrto
100,000ibf. Morehouseshear web load cellare typically the most accurate when installed on a tapered
base with an integral threaded rod installed.

Meretrorse

Figure28: Morehouse UltraPrecision Shear Web Load Cells
Advantages

1 Typicallytheyhave very low creep and atess sensitive to offixis loading thathe other load
cells.

1 Recommended choice for force applications from 100 Ibf through 100,000 Ibf

Disadvantages

1 After 100,000 Ibf, the cell's weight makegxceedingly 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.

1 Without thethreaded adapter installecas shown in the picture, errors from thread engagement
can be significanfmeaning0.1¢ 2 %) Always use these load cells with the adapter installed,ibr
space is an issue and the adapter is removed, make sure the load cell is calibratedwvétever
adapters arebeing used with it.

Watch thisvideoshowinga 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.
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Figure29 Morehouse Shear Type Budget Load Cell
Morehouse Modified BudgeShear Web

Advantages

1 Typically, they have very low creep and Brgs sensitive to offixis loading thathe other load
cells.

They are machined out of Stainless Steel laold up wellaesthetically

These load cells are a better choice if the top threaded adapter needs to be repasvéed errors
are significantly less than the traditional shear web cells.

T
1

Disadvantages

1 After 100,000 Ibf, the cell's weight makes it exceedingly difficult to use as a reference standard in
the field, as these cells are modifiegd havemore material than a trditional shear web cell.

1 Without the threaded adapter installed, as shown in the picture, errors from thread engagement
can be0.02 % or more.

Check out oublogto learn more abouthe differences between these two types of shear web loac
cells
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Button Load Cell

The button is a miniature load céjipically usedn applications witHimited spacelt is a compact strain
gaugebased sensor with a spherical radius often used in weighing applications.

Figure30: Button Load Cell

Advantages
9 Suitable for applications where therelisited 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 can produceignificantcosine error. Some have

errors anywhere from 1 % 10 % of rated output

1 Do not repeat well ithe rotation.
‘ e

Figure31: Button and Washer Load Cell Adapters

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 load cells and observes the same repeatability probiéease contacMorehouse as the
above adapters will improve the calibration results.
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Check out our websitior more information orcustom adapters fobutton, washer and donut load
cells that improve repeatability.

SingleColumn or HigkStress Load Cells

Thesingle columns a column load cetluitablefor 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 strain. The Morehsinggecolumn load celis economical and

lightweight.

Figure32: Morehouse Single Column Load Cell

Advantages

1 Physical size and weight: Itdegmmonto have a 1,000,000 Ibf column cell weiggnless than 100 Ib.
Disadvantages

1 Reputation for inherenNon-Linearity This deviation from linedyehavior is commonly 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.

1 Larger creep characteristithan otherloadcells often do not return to zet@sdo other loadcells.
(ASTM Method A typically yields lardery

9 Different thread engagement can change the output.

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.
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Multi -Column Load Cells

The multicolumncolumn load celis suitablefrom 100,000 Ibf through 1,000,000 plus Ibf.this design, the
load is carried by four or more small columns, each witbraplement of strain gauges. The corresponding
columns' gauge are connected in a series in the appropriate bridge arms. The Morenawuliecolumn

600K load cell weighs 27. and has an accuracy of better than 0.02 % of full scale.

Figure33: Morehouselight Weight 600k (2i.) Multi-Column Load Cell

Advantages
1 It can be more compact thasinglecolumn cells
1 Improved discrimination against the effects of-aifis load components.
1 Typically theyhave less creep and better zero returns than sirggiimn cells.
1 In many cases, a properly designed sh@ab spring element can offer greateutput, 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 types of loartlls have various advantages and disadvantadg#éee type of load cells
you commonly use is not coverezhntact usandwe will be happy to discusthe advantages and
disadvantagebased on our experience
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Why are you so
stressed out?

| was
overloaded

Load Cell Troubleshooting

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

with load cells, yolknowhow muchof atime suck they can be whehey arenot working correctly. This
section is designed to save you or your technicians valuable time by following an easgtegven
troubleshooting guide. The time saved candemeficialto getting more calibrations done getting the
measurements correct by using the proper setup adapters and understanding how to replicate how the
end-user 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&dSdep Proced®r Troubleshooting Load

Cellto shorten our calibration lead time (most calibrations are performekss tran 7-10 business days)

and provide better customer service
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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 Morehouse and try again
to discuss options Mo
3 4 ves
Isit No Are adaplers Are adapters Y¥es | contact Morehouse
mechanically? out? integral? to discuss options
No
Connect wires to Yes
cell and meter
Are all wires.
o 5 connected to
cell and
meter?
Yes
Replace meter or
1. Inspect cable for breaks by Contact Morehouse rewire cable
Check the cable with [, Y% Jz fig cabla No | bending every foot. :
another load cell common o 2. Pin each wire to check for
Replace cable

Figure34: Load Cell Troubleshooting Process

This 7step 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.

Figure35: Overloaded Load Cell

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

Figure36: Generic Multimeter

3. If everything appears to be working, the output does not msd#mrse theck for mechanical issues.
For example,@me load cells havimternal stops that may cause the output to plateau. Do not
disassemble the load cgedis it will void the manufacturer's warranty and calibratidihe best
example of this error is that the load cellirear to 90 %¢apacity. Thereither the indicator stops
reading or the outputliminishes The data wilshowpoor linearity when using 100 % of the range
andexcellentlinearity when only using the data set to 90 % of the range. Morehouse can likely fix
this error and should be contacted for more inforriwat.

4. Ensureany adapters threaded into the transduadwo not bottomout. If an adapter is bottoming out
and ntegral,contact Morehouse to discuss options.

5. Ersure the leads (all wires) aoerrecty connected to the load cell and meter. If the cable is
common to the system, check another load cell and verify that the othewoceKscorrecty. If the
other load cell is not working, contact Morehouse to discuss options.

6. Inspect the cable for breaks. With everything hooksgd testthe cable making a physical bend
every foot. Pin each connection to check floe continuity of the cable.

7. Use aload cell tester or another meter to check the load cell's zero baldooecan check the
bridge resistance with an ordinary multimeter if you do not have a load cédirte’ 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 (ex. (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 what they should read and the tolerance.
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Figure37: Inside of arOvérIoadedShearWeb Load Cell Showing aQear Break of theWeb Hement
Diagnose with a load cetester.

A Morehouse load cellas saved us countless hours of testing ead be used to test for the following:

Input and Output Resistance

Resistance difference between sense and excitatands.
Signal Output

Shield to Bridge

Body to Bridge

Shield to Body

Linearity

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

Figure38: Morehouse Loacell Tester

Watch thisvideoshowing how the load cell tester works.
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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 processihile it is possible to electrically-zero a load cell following
overload, it is not recommended because this does nothing to restore the affected performance parameters
or the degradatiorof the structural integrity.

Morehouse stocks common capacity load cells and most equipment is available in 1 week, with
calibration performed using deadweight primary standards. Shorter lead times are available upc
request, and Morehouse always aims to provide superior customeratipgisitmhforce.com/load
cells/for more information on ouwide selection of load cells
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Indicator Basics

Figure39: Morehouse High Accuracy Digital Indicator (HADI)

When force is exerted on a load cell, the mechanical 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 lineseat equal voltage. As a load is applied to the cell, the voltage on one signal
line increaseslightly, and the voltage on the othéne decreases very slightly

The indicator reads the difference in voltage between the two signals that may be converted to engineering
or force units.Several indicators aravailable, and they have different advantages and disadvantages. The
decisionon which indicator to uséhat meets your needsnight be based othe best nonlinearity and

stability specifications.
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Figure40: Morehouse 4215 High Stability Indicator
Nortlinearity and uncertainty specifications

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

Some indicators on the market may specify accurdaidise percentage of reading. Although these may
include specifications such as 0.005 % of reading, they can cause negative impacts on the system's
uncertainty. The problem is that the resolution or number of digits may be such that the specification will
not bemaintained. Morehouse has a 42High Stabilityridicator pictured above with 0.002 Bon-
Linearityspecification. The Morehouse 4215 meter will display up to 5 decimals in reyfidfing to a
resolution of 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 actueimearity

between span points that they are substituting for overall accuracy specificatiofhepurpose of multi
spanning the range in an indicator is to divide the sensor output range into smaller segments and reduce
Non-Linearityerrors. However, accuracy claims can be questionable. Ensure the accuracy specification
includes stability over time, repeatabilitypn-linearity, temperature characteristics, and caheration of

the resolution

Nortlinearity errors in a load system can be drastically reduced by:
1 Employing the right calibration and measurement process
1 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 4248 cellindicator withthe Morehouse
calibration software, which is included with the indicatbhe Morehouse 4215 Plgan use the software
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or coefficients can be manually enterebbr those not wanting to use a computehe 4215 Plus is the
recommended choicelThe 4215 us, when comparindNontLinearity, the HADIs better than 0.002 % of full
scale, the 4215 and 4215 Pluare better than 0.0@ % of full scale, and the PSI3 better than 0.005 % of
full scale.

Stability and drift

This characteristic is often more difficult to quantify on Adgh-end multimeters. Some indicators will
specify thermal drift, longerm stability of zero, and some actual stability per rar@&en over $10,000,
the indicatorswill fall into specifying drift at different intervalsuch a®0 days (abouthree months)and
one year. Most indicators under $2,5@@1 not specifically address 90 days oeyédar stabiliy. Stability can
be monitored and maintained by a load cell simulator. However, a usdiveawith the entire system drift
of the load cell and indicator combined.

The $10,000 plus indicators from Agilent, Keysight, and Fluke win in this catggfdhgse are not portable
and are often overkill for general application force systems. The Morehouse WiDlbngterm stability
of zero at 0.0005 %/year at room temperatyie an excellent choice faround afraction of the cost

Resolution

Usingthe indicator as a field system, a stable resolution of greater than 50,000 counts over the load cell's
output range will allow higheorder fits. It is also desirable for ASTM E74 calibrations becahigher

orderfit generally yields Lower Limit FactoL L and better Class AA and Class A loading raiges.
Morehouse HADI is an excellent indicator to pair with your reference standard to calibrate other load cells
as it can display 80000 mV/V stable to within 0.00001 mV/V on a good load Eéher our 4215 HS or Plus

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 units such 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 useoanputer for the physical display, then the Morehouse 4215
Plus or C705P, which storesefficient filesis an excellent choice.
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Figure41: MorehouseC705Hndicator

TheMorehouse C705dicator comes standard witan upto 7-pt 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 théhunitsmustbe
toggled between mV/V and force units, as only one can be displayed simultaneously

The Morehouse 4215 Plus can use calibration coefficients and display both mV/V and force units
simultaneously, or the Morehouse 4215 and HADI with the software would also workvfanteddrift
corrected duringcalibration.

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 typégabm 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 usiogbles of different length In most caseghanging a cable will require

calibration, while a &vire system will run sense lines separate from excitation and eliminate the effects due
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to these variations. The Morehouse 4215 and HADI are betirésystems.
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 theSPHBDI, and 4215 handle load cells with output up to
4.5 mV/V.

Figure42: Morehouse PSBIndicator

Ease of use

This is a preferenebased consideration. Some easkuse examplegliminatethe need for a computer or
power supply. Or not having to use load tables and merely pushing the spacebar for the computer to grab
readings. If you want something simple that does not need a power, toed® S[Sis the winnerThe HADI

is the winner if you want a portable system thaingun on laptop power and capture readings
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Figure43: 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 to get closer to the nominal value. This meter is a direct
replacement and upgrade oveeveral other inexpensivaeters on the market

Ruggedness

The Morehouse HADG501F and PSBare enclosed and more durable than the 4215. TheP &
G501Fwould be the hardest to break physically and 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 M3@a6HADI can be used. If the
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requirement is to set eacthannelup to multiple span points, then the 428Sor the Morehouse/Admet
Indicator would win.

If you had a compressiorn tensiorronly load cell or two, the PSDS is a sub $ 1000.00 indicator that can
read TEDS (Transducer Electronics Datasheet) templatess888j441.

Excitation voltage

Some users mayeedto change the excitation voltage or have a specific requirement for DOV
excitation to be applied to the sensor. In this scenario, the Morehouse 4215 is the only choice.

Choosing the right indicator edten a matter of personal preferences. The HADI indicator comes first for
several selection criterigzet these may not be the criteria that matter for your individual needs. Choose the
indicator that meets your needand has the best nalinearity and stability specifications. If you need a

rugged, batterypowered indicator with at least 50,000 counts of resolution, a PSD is an excellent choice.
HADImay make the most sense if you need a stable system and can daptpp Finally, 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.

This sectim coversthe basicof selecting the right equipment arkhowing the proper terminologythe
next section will cover more advanced applications.

TEDS

Introduced in the early 2000s, TEDS IEEE chips promised to revolutionize load cell application
standardization and efficiency.

However, TEDS for Load Cells never took off thewshould haveThere are multiple reasons, from the
cost to implement, the increased calibration casicorrect implementation of the IEEE standard, and
creation of proprietary and nooompliant standards such &SigCal" Signature Calibratighand"TEDs
Enabled that confused users.

Thissectionexploresthe world of TEDS for load cells, uncovering the potential pros and cons, applications
for TEDS for load cells, and considerations to help you decide whether TEDS is suitable for your
organization.

Understanding TEDS for Load Cells:

Aligned with the IEEE 148istandard, TEDS IEEE chips can offer a transformative approach to integrating
load cells.

These chips are designed to embed essential information directly into load cells, providing a standardized
data storage and retrieval method.

ForceCalibrationfor TechniciansTopConditions Methods,and Systemghat ImpactForceCalibrationResults/3
6/2024 Author:HenryZumbrun MorehousédnstrumentCompany Pages6



Morehouse Instrument Company
0440/1/0/&05«10 1742 Sith Ave.
York, PA 17403-2675

[THE FORCE IN CALIBRATION SINCE 1925]

(717) 843-0081

When looking for TEDS for load cells, one will want to look for "IEEE 1451.4 compliant”. If not so labeled, the
vendor should be contacted to verify compliance

This is important because several manufacturers use terms like "TEDS Enabled" of' {@igPahre not
entirely or partially IEEE 1451.4 compliant versions.

TEDS Enabled, for exampaly stores an identifier so the indicator can pull the S/N of the unit. Here, no
calibration information is stored on the chip. Therefgf€éEDs enabled"” loacklls can neither talk to IEEE
1451.4 compliant meters narther "TEDS enabled" meters except thee it was calibrated with.

IEEE 1451.4 TEDS is inherently a straightforward concept that can be fitted to new load cells or refitted to
existing load cells. Implementation is via a simple memory chip. The chip is separate from the sensor bridge
circuit, although wiring connectionsay be shared. People are confused and think TEDs will calibrate the
load cellyetit does not affect the bridge circuit. Instead, the memory chips store the information to allow

the meter or DAQ to scale and linearize the output from the load cell.

Therefore, it eliminates thaeed to manuallyprogramthe indicator from the front panel and often
eliminates the need to read hundreds of pagesigér manuals to set up the indicator.

Beforeexploringthe templates' technical aspects, considenether aTEDS for load cell system is the right
choice for you.

Top Pros of TEDS for Load Cells:

1. Plugand-Play Simplicity: Effortless setup dueastomatic configuration, saving time and reducing
errors.

2. CostEffective Efficiency: Standardized data format promotes interoperability and eliminates
manual configuration efforts, minimizing operational costs.

3. Enhanced Accuracy and Reliability: Embedded sensor details and calibration data prevent manual
entry errors and ensure accurate load cell readings.

4. Streamlined Data Management: Easier access and management of load cell information, including
calibration data, for efficient data analysis.

5. Increased Versatility and Safety: Interoperability across platforms and protection against incorrect
settings or connections improve overall system flexibility and safety.

Sounds greatdoesrit it, though there are also cons, which can be expensive to maintain.
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Morehouse Instrument Company is ISO/IEC 17025 / ANSI/NCSLI Z540.3 Accredited www.mhforce.com
Top 5 Cons of TEDS for Load Cells:

1. Cost Implications: Integrating TEDS into load cells may involve additional costs, impacting
organizations with existing load cell systems that require retrofitting. A chip can easily be
embedded in the load cell or cable, though new indicators must behased. Typically, indicators
with the ability to read and write TED templates are much more expensive.

2. Limited Adoption and Compatibility: Despite IEEE standardization, not all meters may comply with
the TEDS IEEE 1451. Many meters list ‘BBEBI8ed, which means they only store the ID, not the
calibration data, potentially affecting seamless interoperapilit mixed systems.

3. Complexity in Calibration: Integrating TEDS into load cells can introduce more calibration work for
the calibration laboratory. For instance, load cells that@akbrated with a meterequire an "As
Received" calibration, then a separate calibration or run to obtain the raw values (likely mV/V),
programming the TED chip, and then the "As Returned" verification. The cycle time is typically at
least double for the calibration lab, whiaficreases calibration costs.

4. Meter Calibration: If one wants to establish metrological traceability, one must either pay for all of
their readouts (indicators) to be calibrated that can read the TEDS for load cell chips or purchase
more equipment, such as a higimd load cell simulatoto calibrate all their meters.

5. Data Security Concerns: TEDS IEEE chips raise concerns about embedded data security within load
cells, necessitating measures to protect sensitive information.

TEDS for Load Cells can undoubtedly lead to better efficiency gains, and theusimgaiultiple load cells
and only needing one calibrated meter with TEDS is appealing

Despite the additional calibration cost, buying IEEE 1451.4 TEDs equipment can reduce costs for most
customers. It alstets customergalibratetheir indicators inRhouse by purchasing a higbad cell accuracy
simulator.

Templates and How TEDS stores information.

IEEE has published a great resource with the tables showtip@//standards.ieee.org/wp
content/uploads/import/documents/tutorials/teds.pdf

Information stored on the IEEE 1451.4 standard memory chip is organized into four sections. The first two
are required and the last two are optional.

1)Basic Teds: Serial Number and ottmésc.information
2) Standard template: Stores the basic calibration data like output range, calibration date, forcenuahits
excitation

Template 33 for mV/V loackll (unamplified)

Template 31 for £20mA or G20mA

Template 30 for voltage amplified. i.e5¥, .5 to 10.5V, etc.
3)Linearization templates (optional)
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Template 40 provides linearizatiatata piecewiséshown below on a graph as a 4 pt Span point option).

Template 41 provides linearization data via a curve fit polynomial. (Ideally suited for using calibration
information from Morehouse ASTM E@41SO 37@ertificates as well as any Tension and Compression
load cel)

The disadvantage of any of the above templates is the inability to characterize a load cell well in tension and
compression.

The programmed mode (compression or tension) will be closer to nominal, and the other mode will likely
have large deviations unless the load cell has perfect symmetry between modes (this is rare).

Thereareways to install two different TEDS for load cell chips in one loadit#iat optionis chosen, the
operator typicallymustuse a switch to change between the two different chips.

4) User EDSAdditional memory space that can store miscellaneous information. The standard does not
define this information. Therefore, if the load cell is to be used by multiple brands of indicators, it must not
contain any necessary information.

Note: Compression aritension points can be programmed, though it deperdtheY SG SNk 5! v Q&
firmwareQ ability to make the proper interpretation and calculation.

It is highly recommended that any programming method be verified with the exystem and that the user
understands how their meter interprets the data. A good validation method would be to send the system in
with the meter and request a second calibration after the TEDS chip has been programmed.

Note: If the calibration is performed using ISO 376 or ASTM E74, the coefficients from the polynomial
equation must be used.

Templates33,40 & 41

Template 40 is nice as it offers more data points, though it has significant disadvantages compared with
Template 41.

One of the more significant differences is calibration, assuming theusadwants data reported in
engineering units.

Any forcemeasuring systemwill drift over timeand may require adjustments to bring the unit as close to
nominal as possible. Templates 33 & 40 will likely create more calibration time and cost for theesrtd
adjust their system constantly.

Template 41 may also create more time if a calibration standard like ASTM E74 or ISO 376 is not followed.

If the desire is to have force readings as close to nominal as possible for all templates, three calibrations
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would likely be needed to make that happen.
Template 33 or 40s typically for calibrationin one mode, Compression or Tension

1. An "As Received" calibration in force units.
2. A separate calibration to obtain A/D or mV/V values to reprogram the TEDS for load cells chip.
3. An "As Returned" calibration will show the new values and the errors from the nominal.

Note: The price for this type of calibration is typically 1.5 times the cost of a regular calibration.

For Template 41, only one calibration would need to be performed and recorded in on WD counts if a
calibration standard like ASTM E74 or ISO 376 is not followed.

Template 41 criterigypically for only one calibrationin one mode, Compression or Tension

1. The load cell is always calibrated in mV/V without or without an indicator, or A/D counts with an
indicator.

2. The calibration conforms to ASTM E74 or ISO 376 and generates coefficients.

3. The Teds for the load cell chape programmed with coefficients.

4. The enduser must be okay with all mV/V or A/D counts calibration reports.

Note: If without the indicator, whatever indicator is used must be calibrated, and measurement
uncertainties must be accounted for.

Also, the calibration required doubles if the ender wants the data in engineering units programmed as
close as possible to nominal, Ibf, kgf, N.
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Morehouse Products with TEDS

Figure44 Morehouse PSDS meter can read TEDS templates 33,40 & 41.
We have a PSD®e onlyoption under $ 1000.00 we have seen that can read all three templates.
The manual for this device can be downloadiede.
From our manual on how the PSDS works:

All standard TEDS devices contain a bagigi2t calibration.

TEDS devices can also optionally holdtiple extended calibrationables template ID=40 (multpoint
calibration) or template ID=41 (polynomial calibration).

When you first connect a new TEDS device to theSRSmessage will be displayed stating that a new TEDS
device has been detected and that default settings have been used.

The first detected, valid calibration table from the TEDS device will be selected.

The user can select an alternative calibration table from the menu or Teatkitthis selection will be
remembered The table will be reselected next time the device is plugged in.
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Figure45 Morehouse 4215 Plus Does Not Come Standard with TEDS

Unlike the PSDS, the 4215 Plus does not come standard with the ability to read and write TED templates
33,40, & 41.

This upgrade can be added, though the lead time is typically longer.

The 4215 Plus comes standard with the ability to use polynomials intemmalking 1 an excellent choicto
reap the benefits of using coefficients to generate a polynomial curve.
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Force CalibratiorBystem Accuracy

At Morehousewe are frequently asked aboatcuracywith questionsd dzOK | & &2 K 4 A& GKS
GKAA aeailtsSy e2dz 2FFSNJ F2NJ al t SK¢

At first glanceit should be an easy question to answery R> Ay RSSR>X ¢S O2 @r
aeaidsSy Aa 00Odz2Ny S (2 nonnp 2 2F Fdz €t &0 f
this throwaway answer sets the wrong expectations.

R
Sh¢g | 26 8

Morehouse recommends systems based on an understood requirement and where thesendan control
OSNIiFAYy O2yRAGAZYyad 2SS Ydzald dzyRSNARGI YR W&ES&n | LILX A Ol
only provide a complete system with the right indicator and appropriate adapters when we know these
parameers.

To further clarify, below is a detailed explanation based on these basic premises and ground rules:

The definition of Accuracy p&fiM (International Vocabulary of Metrology

You cannothave amore accuratesystemthan thereferencestandardused tocalibrateit.
Agreement on thealibration method for portability of the data.

Other manufactures may overpromise and underdeliver

i

1. Thedefinition of Accuracy per the VIM

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

GGKS Of2aSySaa 2F FaNBSYSyld o0Sis6SSy I YShawWweNBR g1 f
then states that Accuracy can be interpreted as the combinationedsurement truenesand

measurement precisian

AcCCUracy=—g

e\ OMINA VaIuT

-—Precision—j
UPPER

LOWER
Tolerance

Tolerance

Figure46: Measurement Accuracy Expressed Graphically

Accuracy is how close the system is to the nominal value (measurement trueness) and how well the system
repeats (neasurement precision The above graph gives a graphical representation of this explanation. For
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example suppose we had a 10,000 Ibf load catid the accuracy specification was * 0.05 % of full scale. In
that casewe 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 is above2 dzf R 6 S (2 adzoaid Al ditiaSpBiakiSa Tgp2 BLR ¢ !

contributor to measurement uncertainty, while precision is Type A.

wSLISFGlFroAfAGRT 2NIK2g ¢Sttt Al NBLSFGaz A& RSTAYS
2LISNF G2NBZ a@adSYyz 2LISNI GAy 3 O2y RThis Hefinfignis wha2 O ( A 2
makes defining Accuracy difficult. Force is mechanical, and the interactions of different equgmaent
loadingconditions can significantly affect the output and Accuracy of the fareasuring system.

Therefore, wemustunderstand the application, know the expectations, and provide the complete system

with the appropriate indicatsand adapters.

2. You cannot have a more accurasgstemthan the reference standard used to calibrate it.

Common sense says that the reference standatcst be more accurate and repeatable than the system
used to calibrateManyinternational standards document these calibration procedures and calculations,
which subsequently allow the portability of test data, along with laboratory accreditation gtbapkeep
everyone honest.

Figure47: 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 theaboveclassifications However, things are not always what they appear to be, and you need to

know what to look for in these certs and promises.
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For example, let us look at three labs:
1. The way it should beusing an actual calibration laboratory asexample.
2. Barely acceptableusing a hypothetical laboratory.
3. Disaster using a hypothetical laboratory.

In these examplesve will demonstrate measurement risksing specific or benelevel riskscenarios
regardingcapability.

Here are three examples of what happens at various levels of Accuracy from Morehouse at 0.0016 %,

/' FEAONrGA2YyaAa dawe | a d ndnn 23 FYR alfl Nye /I fAdNI
oé 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 I
Guard Band Limits to Assure 2 % RISK or Less 09994 gége 99‘98 10000 10602 10604 10006
Guard Band LSL 9995.175
Guard Band USL 10004.825 ‘ MV —-— LSL Nominal Value — — = USL Uncert. Dist GBLSL GBUSL ‘

Figure48: Morehouse Does the Calibration with Primary Standards

When a 10,000 Ibf foreemeasuring system has a specification of + 5 Ibf or 0.05 % of full scale, applying
FOOSLIISR O2YLX AlFyOS RSOA&A2Yy AT a2NBKz2dzaS OFy alLl aa
and 10,004.825. This is a significantly langigrdow to say an instrument is good compatecdther

calibration laboratories that use secondary standards. They use standards that are typic0lyirh@s less

accurate.

)

tKS aSO2yR 102Nl (2N $gAGK GKS nonn 22 OFLIOoAfAGE
perfecty between 9,999.108 and 10,000.892.
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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 |
) 0.5 I / \

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

TUR= 1.249869804 | / \ :
T

Simple Guard Band with Subtraction Uncertainty Only
Guard Band LSL 9999.000
Guard Band USL 10001.000

0.05

I
0 : J‘/

9998 10002 10008

Guard Band Limits to Assure 2 % RISK or Less 9990 9992 9994 9996 10000 10004 10006 10010
Guard Band LSL 9999.108
Guard Band USL 10000.892 ‘ MV — = LsL Nominal Value — — = USL === Uncert. Dist GBLSL GBUSL ‘

Figure49: 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
GOt AN (1S¢ G(KS RSOAOS yaitkeDdsbthel darsdo 8 E 10300 Theiliglaghy A &
shows that 31.73 % of the curve will be outside the specificationilintfite absolute best case. This means

the customer must accept an absurd amount of risk. The risk to theusadof this equipment is high, as is

the likelihood of future lawsuits, mass recalls, enormous amounts of rework or scrap, ase stitlr a

seriously tarnished reputation for quality.

Malarky Calibration Performs the Calibration

Nominal Value 10000
Lower specification Limit 9995 009
Upper Specification Limit 10005 0.08
Measured Value 10000.0

Measurement Error 0

0.07 / \
0.06

Std. Uncert. (k=1) 5.00
Total Risk 31.73% 0.05
Upper Limit Risk 15.87% 004 \
Lower Limit Risk 15.87% ' / \
003 / \
TUR= 0.499991666
7 0.02

Simple Guard Band with Subtraction Uncertainty Only
Guard Band LSL 10005.000
Guard Band USL 9995.000

/

\

.

10020

Guard Band Limits to Assure 2 %RISK or Less 9975 9980 9985 9990 9995 10000 10005 10010 10015 10025
Guard Band LSL 10005.269
Guard Band USL 9994.731 ‘ MV —-— LSL Nominal Value — — = USL Uncert. Dist GBLSL GBUSL

Figure50: A Lab Using Load Cells as Stand@alirated by Other Load Cdllses the Calibration
3. Agreement on the calibration method fothe portability of the data
We will keep this simple by limiting our analysis to the two most common types of calibration:
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a. Calibration following ASTM (American Society for Testing & Materials) E74.
b. The commerciaype of calibratiorconsistsof a5-to-10-point calibration, known as the nen
ASTM method.

a. Morehouse Load Cells and Accuracy with ASTM E74 Calibration

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

meaning that the ASTMLKlower limit factor, which is the expected performance of the load cell) is better
than 0.005 % of full scale. However, this is only one compooiethie much larger Calibration and

Measurement Capability Uncertainty parameter (sometimes calltC). When the load cell is under the

same conditions 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 tanperfo
better than 0.005 % of full scale.

The expected performance on a 10,000 Ibf loadiséktter than 0.5 Ibf (10,000 * 0.005 %@herefore at
GKS GAYS 2F OFtAONI GA2YST (GKS t2FR OSttQa SELISOGSR
million.

b. Morehouse Load Cells and Accuramith 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 CMC uncertainty
parameter.When we perform calibrations, we report the measurement uncertainty and consider it.

Thus, when we set the specification, it includes our measurement uncertaintiye time of calibration

That uncertainty captures the repeatability 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
Deadweight Primary Standardse the most accurate force machines.
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4. Other manufactures may overpromise and underdeliver.

N] 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

| 3

Measured Values
32600
31300
25300
32000
28800

Target weight:

\ 30,000 t 300 lbf

Based on averages,
we are good to fly.

Figure51: 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 late because the engser has bought a device and been promised an accuracy that no other
calibration laboratory can meet. These oy@omising suppliers do not understand metrology and
consequently promote terrible, often impossible measurempréctices.

Some notable examples include:

1. Averages are used to specify a tolerantlee above figurabove 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.

2. The simple, more economical way is easier than doing tliogectl. It is easy to say you can do
things, apply some force, and report resulighout knowingtheir use This is an exploitation of the
customer.

3. The resolution is equal to Accuracy. This is a |agmaplex issueoncerningconformity assessment
and uncertainty. We have many published guidance documents and whitepapers on Measurement
Risk and TUR (Test Uncertainty Ratio) available for download frometsite
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4. Using a specification of ndimearity for Accuracy. The problem is that this does not include critical
factors such as the meter, reference standard, adapters, and everything that impacts the
measurement results.

5. The location of the measurement must be considered when makoanformity assessmertf a
aLJ aa¢ 2N I aFlkAf ¢

Measurement Bias

What can happen 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 accuracy 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 measured values
to deviate from the true value of thmeasuredquantity.

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 the tolerance limit.
Why does this matter? When a known bias is ignarec., not corrected or not included in the Statement
of Measurement Uncertainty on the Calibration Certifiaaggou may not fully achieve measurement
traceability, and all subsequent measurements will bspect.

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 reports a value within 0.1 %, the device is
"Within Tolerance. " However, realiigat determining tolerance depends on all parties agredainger a
contractt on a decision rule for how measurement uncertainty should be handled.

It also depends on the uncertainty of 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

Figure52: Graph Showing 10 009.0 as theeasuredvalue

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

(PFA).

The probability of a falsacceptancas the likelihood of a lab calling a measurement "In Tolerance" when it
is not. PFA is also commomiglled consumeNRA &1 o6/ Y ¢@LJS LL 9NNEBND®

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 % of 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
becomes the reference standard, and the measurement biastisarrected, futuremeasurements 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 acouayfior any
measurement bias in an uncertainty budget
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Low-Risk Scenario

Nominal Value 10000.0

Lower specification Limit 9990.0 5
Upper Specification Limit  10010.0 .
|__MeasuredValue 100000 | i :
[ MeasurementError 80 | 4 ' '
Std. Uncert. (k=1 0.085 \ :
35
Total Risk 0.00%| ; /
- 3
25 | L
I
TUR= 58.78043644 } /
Cpk= 5.999032319 2
TAR= 62.5 o I [
I [
sllll!|l Guard Band (Subtract Um.ﬂzln!l 1 Il |
Guard Band LSL 9990.170 I [
Guard Band USL ___10009.8209 05 I
Percent of Spec 98.30% } :
0
Guard Band Limits for Risk of 2.500% 9085 9990 9995 10000 10005 10010 10015

Guard Band LSL 9990.167
Guard Band USL 10009.833

uv —— 5L Mominal Value —ust —Uncert Dist — —oBLSL — —GBUSL

Percent of Spec 98.33%
HighRisk Scenario
Nominal Value 10000.0
Lower specification Limit 9990.0 035
Upper Specification Limit  10010.0
Measured Value 10009.0 . | | M\
Measurement Error 9.0 : ;
Std. Uncert. (k=1) 1.250 \ f
025
Total Risk 21.19% : : /
02 1 | L
' | [
TUR= 3.998033607 i !
Cpk= 0.408061957 \ 1
TAR= 4 | I
L i f
Simple Guard Band (Subtract Uncertainty) J / | \
Guard Band LSL 9992.501 005 | |
Guard Band USL 10007.4993 | |
Percent of Spec 74.99% : :
Guard Band Limits for Risk of 2.500% 9085 9900 9995 10000 10005 10010 10015 10020

Guard Band LSL 9992.451
Guard Band USL 10007.549 ‘

— " ("' — LSl ~———— Nominal Vaiue —USL — U ncet. Dist — —GBLSL ~— —GBUSL
Percent of Spec 75.49%

Figure53: Graph Showing 10 009.0 as thkeasuredvalue ComparingTwo Different Calibration Providers

The above figureompareswo suppliersusing a discrete measurement point at the berebel, resulting
in different calibration process uncertainty values. The bottom graph shows the higher risk level using a
different supplier.

The new provider has a higher Measurement Uncertainty of 0.025 % than sholmenhfighRisk Scenario
graph where the calibration provider had a 0.0016 % Measurement Uncertainty. Everything else has
remained the same. However, the overall measurement risk is now 21.19 %.

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, we will disiss 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 endser 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 read 10 009.0, assuming the bias is
corrected, the Measurement Uncertainty would have to be greater than that of the Measurement
Uncertainty used focalibratingthe device, which was + 2.50 N.

The Measurement Uncertainty for this device would be £2.5 N plus additional Measurement Uncertainty
contributors for repeatability, reproducibility, resolution, environmental, stability between calibrations, and
other error sources. Likelpur 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
Guard Band USL 10004.926
m —_— —LE — Mamiral Vaue —ua — et O — =L — —GEus
|

Figure54: 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 abovdigure shows 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 reference standard 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 Risk of 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 / \ | ‘
Total Risk 87.67% 012 / \ : }
| |
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

Figure55: GraphShowing WhaHappens 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 N, which means only 9 991.0 N is applied (1090@G- 9 991.0)

We showthat we are not correctinghis +9 N bias graphically by subtracting 9 N (9 9668.0 = 9 987.0)

from the measured value. The UUT reads 9 987.0 N, which could result in the lab failing the instrument and
deciding to adjust the device within the acceptance limits (the measureat\dlthis 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 adjusted using a 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 problem many in the calibration deal with, and
their unsuspecting customers agetting 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 TWRsumes 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 measurements. Anyone wanting more accurate measurements
(measurements with less Measurement Uncertainty) should have aetefirocess to account for and
correct bias.

They should also examine their calibration providers' praciicésrms ofhow they handle and correct
their measurement biases.
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Figure56: Morehouse 4215 Plu& C705P Metertlse Coefficients to Reduce Bias

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

Whenthe bias is not corrected, the risk of making a measurement that doesaro¢cty account for bias
can result in an underestimation of measurement uncertainty,dinerefore, disagrees with the
metrological traceability definition and undermines measurement confidence.

Load Cell Stability

Load cellgombinemetal, strain gauges, adhesive, and more. Like humans, every measuring instrument is
subject to aging. Load cells age from mechanical stress or fatigue, and ovghisvesures that there will
be some instability in the system.

Some common factors that impact load cell stability or system stability include:

The meter used with the systeniike load cells, the electronic components ahift.
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, how many time# hasnloaded?
Exposure to higher temperatures

Amount of creep in the Load Cell

StrainHardening This is why load cells get better with age until they do not.
High cyclic applications that stability can degrade vary gradually with time
Manufacturing defectsnayshow up vary graduallgn some load cells.
Variations in applying the stragauges.

Using different cables and connections than what was used duailigration.

Adapters- generally, calibration adapters do not impact stability, though changing the hardness and
types of adapters can impact the calibration results.

= =4 =4 4 =8 4 -8 - -8 -4 -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 a start to controllinbe 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, implementing statistical process
controls, and followin@cceptedgood 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.

LG A& GKS NBEFGAGBS adl yRINR dzy Oerivinstabiffyildan2 ¥  NB TSN
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:

1 Potentially consume your uncertainty budget

9 Cause the force measuring device to be outotdrance.

9 Cause all measurements between the last and current calibration tedadled.
1 Raise the accuracy specification of gystem.

Calibrating 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 E780r376.

We will discuss both load cell types aheir 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 down into Good, Common, and Bad. Systems that fall goodbategory
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 load cell and an
average indicator or an excellent indicator and an okay load cell. IBaleategory, one or both
components arainsuitablef 2 NJ § KS Sy R dzZASNRA 20SNItf dzy OSNIIFAyGe

Typically, genergburpose load cells are more inexpensive and paired with indicating systems contributing
to drift or system stability. The requests we see on these systems are generally fpt.aCHlibration The
accuracy specifications are usually 0.05 % to 1 % of full scale.
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General Purpose Load Cell Instability
Good 0.025% -0.1%
Common >0.1% -0.5%
Bad >05% -5%

Figure57: 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 observes on geperglose load cells.

Next, we will discuss calculating expanded uncertainty and how reference standard stability (or
instability) affects overall expanded uncertainty.

Labarstory General Punpose Losd Cell
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Figure58. Expanded Uncertainty Budget with 0.28tability.

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 one calibratitmthe 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 contribution.
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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 means that inst#iof 0.2 % would be divideoly asquare root of 3 (or
1.732), about 0.115 %.

Now,f S Q& GKAY]l lo2dzi GKIFIGd ! OFftAONI GAZ2Y f
RSOAOSQa AyadloAatAade | O02dzyia
stability accounting for more thab00% allowable.

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

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 10,000 Ibf |l ¢

Laboratony General Purpose Load Cell
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Figureb9: Expanded Uncertainty Budget withD8.%instability.

In this example, shown above, theference standard stability (load cell stability) is still the most
significant contribution to gpanded uncertainty. However, the ener 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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Figure60: Morehouse Calibration Grade Load Cells

The Morehouse calibration grade load cell with G501F indicator will typically maamtaiccuracy of

0.1 % of fullscale 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 nileée€;705RPthe

Morehouse 42154S, otthe 4215 Plus

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

Figure61: Typical Instability Numbers for ASTM Load Cell Calibrations

Note: In this example, anything over 0.16 % of the apglece is bad because we are discussing ASTM
calibrations and section 11.2.has the requiremets, and the stability requirements for a Class A
device need to be better than 0.16 % of the applied force.

The assumption is that most eaersuseforce-measuring instruments for calibration following ASTM
E4 and would like to comply with the ASTM E74 standard. That requires a calibration interval of two
years; otherwisgthe enduser is to ensure the device is calibrated at an interval that meets the criteria.

Through our experience, we have rarely obserbadload cellaneetingthe stability criteria if the
calibration interval was shortened to one year. If stability is higher than 0.16 % and everything else
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remains constant (e.g., the cell has not been overloaded), the recommendation is to replace the load

cell.
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Morehouse HADI system with UltRrecision Class or a better load cell with 0.01 % stability.
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Figure62. ASTM E74 Expanded Uncertainty with 0.1&&46 Cell Sability.
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Figure63: ASTM E74 Expanded Uncertainty with 0.01 % loadtasllity.

The actual load cell in this test is a Morehouse Ultra Precision 10,000 Ibf load cell with an ASTM lower
limit factor LLF of 0.25 Ibf. Assuming everything else remains the same, the Reference Standard
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the case. Load cells with bad instability often have much highBrthan better load cells. A load cell
with 0.16 % stability usually has BhRworse than 2 Ibf.

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

Adapters play a considerable role in actual results, and careful attemticst be paid to purchasing the
right adapters

For ASTM E74 or ISO 376, Calibration Morehouse recommends our Precision Grade Load Cells and
either a Morehouse HADI or Morehouse 4Albs

Figure64: Morehouse 4215 Plus

The Morehouse UltréPrecision Load Cell with the 42Bis will typically maintain an ASTM Class A
verified range of forces from 2 % of capacity (accuracy atitine of calibration of 0.005 %) or better

year over year. Load Cell Stability accounts for 50 % or less 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 thosewho do sanity checks and follogood metrological
practicesthisis more of a common occurrence than it should be. WiWiat was done at the time of
calibration that is not being done now? What is happening thdtastically 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 shoubé specificto this section'sxpectations. The

bottom line isthat the calibration labshoulddiscussvhat matters per the specificationsor example, we

know the various mechanical and electrical interfaces matter if the instrument is atitgasuring device

At the time of calibration,these consisbf 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.

Figure65: Common Force Measurement Errors

Slecting theRight Calibration Method

The calibration methogsuch as compression, tension, ascending, descending, amithber oftest
points, is critical in using a foremeasuring instrument. If the foremeasuringnstrument is to be used
for compression (push) and tension (pullniistbe calibratedn both modes.After the basics are
discussed, the question becomesether calibration is requiretb adocumented metrology standard
suchas ASTME74 oSO 376.

Most people understand that load cells are not symmetrical, and the differences betvagepression
and tension calibration can be quite large. Many do not understand that a-foesesuring device
should only be used at the range in which it was calibrated.

An examplasa 10,000bf load cell calibrated at 10 % force increments. The device halsawot tested
below 1,000 Ibf and may not be accurate from 0.1 Ibf through close@00 Ibf. The easiest solution is
to discuss the requirements with your calibratiproviderbecauseexpecting a 10,000 Ibf load cell to
measure 20 Ibf of forcenay not be realisticHowever, using two load cells to measure from 20 Ibf
through 10,000 Ibf ischievable

ForceCalibrationfor TechniciansTopConditions Methods,and Systemghat ImpactForceCalibrationResults/3

6/2024 Author:HenryZumbrun MorehousédnstrumentCompany Pages2



Morehouse Instrument Company
0440/1/0/&05«10 1742 Sith Ave.

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

[THE FORCE IN CALIBRATION SINCE 1925]

Another common error is assumitigat the forcemeasuring instrument can makiescending or
decremental measurements when only ascending or incremental calibratiperformed Ascending and
descending calibration is typically required for foycle fatiguanachines, nuclear requirements, and
universities conducting research addvelopment.

The final error we see isdhthe forcemeasuring device does not mattte calibration resultbecause
the end-userusesmass weightgor the verificationand not weights adjusted for forc€orce is force
anywhereglobally, and aforce weight requiresadjustmentfor material densitygravitywhereit is being
used,andair buoyancyTherefore the errors can be quite higlvthenusing mass weights to perform
force measurementandthe enduser may not think much df.

Load Cells Used to Make Descending Measurements

Loadcellsusedto makedescendingneasurementsnust becalibrated indescendingnode.

60

50
Descending

Ascending
40

30

20

10

0 10 20 30 40 50 60

Figure66: 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 ascendingonly curvewould resultin an additional errorof 0.042%.
Thecommonterm to describethis resultis Hysteresis.

We learned earliethat the definition of Hysteresis is the algebraic difference between the output at a
given loaddescending from the maximum load and the output at the same load ascending from the
minimum/load.

ForceCalibrationfor TechniciansTopConditions Methods,and Systemghat ImpactForceCalibrationResults/3

6/2024 Author:HenryZumbrun MorehousédnstrumentCompany Pages3



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

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

Hysteresis is typically expressed as a % offale output.

This section only looks at thpercentage difference between the same force point, ascending versus
descendinglf someone used the ascending calibration curve to make descending measurements, the
difference between the ascending and descending points would be a significant measurement error.

Load Cell Manufacturer (names removed) 1 2 3 4 5 5 3 4
Ascending Output 50 % Force Point| 1.49906 | 1.20891 | -2.0304 24950 -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%

Figure67: Five Different Load Cells 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 standahilsh ae accuratewithin
0.0016%o0f the appliedforce.

The conclusion from these tests is clear: If a loadcedibbratesboth ascendingnd descendindprces,it
mustbe calibratedin both modes.

If a load cell is calibratefdllowingthe ASTM E74 standard and a combined curve is tisecind-user
could use the load cell anywhere in the verified range of fortes.downside to this method is that the
combined curve will produce a Lower Limit Fagtdry larger than using separate curves.

However, the larget LFwill include anypoint within the verified range of forcder ascending and
descending forcesSuppose the endser cannot always load the reference standard to capacity and wants
a smallelLLF In thatcase, thdoad cell tested with several hysteret®psfor everycapacitythey wishto
calibrate.

ASTM E74tates For any forcaneasuring instrument, the errors observed at corresponding forces taken
first by increasing the force to any given test force and then by decreasing the force to that test force may
not agree. Forceneasuring instruments are usually used unifereasing forces, but iffarce-measuring
instrument is to be used under decreasing force, it shall be calibrated under decreasing forces as well as
under increasing force. Use the procedures for calibration and analysis of datdrgisections 7 and 8

except where otherwise noted. When a foroeeasuring instrument is calibrated with increasing and
decreasing forces, the same force values should be applied for the increasing and decreasing directions of
force application Howeverseparate calibration equations should be developed.

ASTM E74 further cléies> Foéiany testing machine, the errors observed at corresponding forces fiaken
by increasing the force to any given test force and then by decreasing the force to that test fore®tnay
agree. Testing machines are usually used under increasing forces, but if a testing machieetiseod
under decreasing forces, it should be calibrated under decreasing forces as well aguoresesing
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~4
forcese
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 0035789  0.035795 0035789  0.035789
30000 0053648 0053637 0053635 0.053638 1000000  1.787273 1787270 1787260  1.787267
50000 0.089367 0.089376  0.089376 0.089373 00000 1.608377 1.608392 1.608373 1.608383
100000 0.178669 0178691  0.178691  0.178688 800000  1.429522 1429537 1429528  1.429534
o e g-:g::;: E-::;:: 3:‘-;;;;‘1‘ 700000 1250706 1250708 1250701 1250704
0714623 0714620 0714615 0.714617 G00000 1.071930 1.071920 1.071915 1.071918
500000  0.893329  0.893346  0.893338  0.893337 0000 GOERared. OES0E C0.SSl iesoen]
600000 1072062 1072059 1072051  1.072057 400000  0.714497 0714499 0714434 0.714456
700000 1250827 1250836 1250825  1.250825 300000 0.535841 0535834  0.535832  0.535833
800000 1429609 1.429627 1429615  1.429623 200000 0.357224 0.357235 0.357220  0.357220
500000  1.608423 1.608424 1608412  1.608420 100000 0.178648 0.178659 0.178657  0.178658
1000000 1787265 1787263 1787250 1787260 50000 0089374  0.089369  0.089369  0.089369
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=  1.78584E-06 _ 3
Ca  LSTISE1S Response = A+ B{force) + Clforce)

where A= 1.11083E-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 Ibf to 1000000 lof
Class AA Loading Range = 50000 Ibf to 1000000 Ibf

Figure68: Pages from NIST Calibration Report for Morehdy880,000 IbReference Ibf Load Cell

ASTM E74 Versus ISO 376

Morehouse has beeperforming ASTM E74 and ISO 376 calibrations for decsdesaveollowed the

ASTM E74 standard sincelikelyintroduction in 194 andhaveperformed ISO 376 calibrations since early
2000. Before early 2000, 1536 was a DIN standard that later became 8023 and ISO 376 in the
1990s.Therefore, ve had always assumed that the world ‘force measurement community' knew the
standards wereompletely different and could not bieterchanged However, we have learned that some
laboratories provide field d#rations by intermixing and using an ASTM E74 calibration to certify a tensile
machine to ISO 750@&veral organizations/orldwide are unaware that the standards have vastly different
criteria requirements.

If ISO 7500 is the requirement, then 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 instrumeninustbe calibrated following the ASTM E74 standard. The 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 rangeroks isanticipated 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 l&astseparaterunsof
datawith a creep test when the foremeasuring instrument is used for incremental loading
only.

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

1 ISO 376 does not allow the first test point to be g 2 % of the measuring range. It has
classifications that state the first point cannot be less tAd@00 timesthe resolution for Class
00, 2000 times the resolution for Class 0.5)00 times the resolution fo€lassl, and 500
timesthe resolutionfor Aass 2.

Creep Tests

1 ASTM E74dequires a creep test if the data is analyzed with Method A, which allows the
trailing zero tabe ignored.

1 ISO 376equires a creep test if only incremental loads are applied.

More informationon the creeptests isfoundin eachof the standards.

Time requirements for application of forces

1 ASTM E74does not reference a specific set tireeforce should be applied before the point
is taken
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1 ISO 376&tates "The time interval between two successive loadings shall hendsrm as
possible andno readingshallbe takenwithin 30 sof the start of the force change.'®

Note: Thethought is that the force does not need to be held for 30 secdidser, the target
force should be approached slowly arat be exceeded. At around 30 seconds from the start of
the changegrom one force point to the next force paittie reading can be taken.

Determination of deflection

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

1 1SO 376 defines deflection te 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 equatiopassuming the
device's resolutions over 50,000 counts and an F test is passed per Annex Al.

1 IS0 376 allows the use of curves up thied degreeonly.

Figure69: ASTM E74 TestccuracyRatio Pyramid
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Figure70: 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 tldéfference in the individual
values observed in the calibratiandthe correspondingraluestakenfrom the calibrationequation.

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

m n—m— |

Figure71: Formula in ASTM E74 to Calculated the Pooled Standard Deviation

The equation uses the differences and divittemm by a more conservative number by subtracting the
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

LLF or Lower Limit Factor, is a statistical estimate of the error in forces computed from the calibration
equation of a forcemeasuring instrument when the instrument is calibrated following ASTM E74 standard
practice for calibration and verification for feemeasuring instruments.
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LLHs calculated as 2.4 times the standard deviation. If the calculatéi$ less than the instrument
resolution, theLLHs defined as equal to the resolution (Section 8.5 of the ASTMLE Btandard). It is
expressed in force units, using the average ratio of force to deflection from the calibration data.

ThelLLFs then used to calculate the useable or verified foncege

A verified range of forces is defined based on specific critiélze device was calibrated usidgadweight
primary standards anchiended to calibrate other forceneasuringnstruments, then a Class AA verified
range of forces could be assignddhe lowest point in the Class AA verified range of forces is calculated by
multiplying 2000 times thé&LF If theLLHs 1 Ibf, the first point in the verified range of forces will be 1 x
2000 or 2000 if we divide 1/2000, 0.0005, converted to a percentagebfid.

If the forcemeasuring devicevere calibrated using another foremeasuring 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.

The lowest point in the Class A verified range of forces is calculated by multiplying 400 tirhkf ththe
LLAs 1 Ibf, the first point in the verified range of forces will be 1 x 400 or 400 if we divide 1/400, 0.0025,
converted to a percentage of 0.25 %.

ASTM E74 works dghe concept that the deadweight primary standards are at least ten timese
accurate than the secondary standards with a Class AA verified range of fidreeSlass Agtandards are
five times more accurate than the Class A standards, and the Class A standards tmeefomore
accuratethan a onepercent testingnachine.

ISO 376 uses the observed values to ensuregpatificcharacteristics of the foreproving instrument are
met andrates the device's performance based on its characteristics. ISO 376 uses four runs afaleép
test, or six runs of data to characterize the fopgeving instrument and the associated relative error. ISO
376 takeghe highest error percentage per point for each parameter and assigns a class based on the
highest error shown ithe table/figure below.

Forceproving instrumentsvhere only increasing data used (four runs of data) are tested for reproducibility,
repeatability,resolution, interpolation, zero, and creeforce-proving instrumentsvere increasingand
decreasing data is used (six runs of data) are tested for reproducibility, repeatability, resolution,
interpolation, zero, and reversibilitfthe expanded uncertainty of the applied calibration force nalsb be
lessthanthe table allows.

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

ISO 376 classifies everything per point and then brelaka the classification per verified range of forces.
Suppose the relative error of reversibility is Clasgelall other criteria meet Class 00. In that cabe,
device is rated as a Clasddvice ifthe expandedincertainty of the applied calibration forédsomeets the
criteria. ISO 376 does very wisicausdt accounts for the uncertainty of the applied calibration force
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within the standardAs shown in the figure above farce-proving device&eannot have amncertainty of less
than the reference used for calibration.

ASTM E74 addresses this point in the appendix and not in the main body of the standard. ASTM E74
currently allows for a Lower Limit Factor that can be less than the uncertainty of the reference standard.
BURAMETg4 (European Association of National Metrology Institutiestures a useful writaip.

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

Figure72: Table 2 from ISO 376 Standard for Classification of FRn@&ng Instruments

BURAMETg4 states"ASTM E74 includes a mandatory methoddalculating avalue 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 accordawite this practice. This
calculation of uncertainty only includes contributions due to reproducibility @adation from the
interpolation equation, although the value is increased to equal the resolution ibtigénal value is
calculated to be lower, and the uncertainty of the calibration force applied issplsafied to be within
certain limits. The method results in an uncertainty value in units of force, vishpplicable across the
range of calibration forces and is used to determine the lower force limits foitbestandard 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,
is likely to result in different and probably lower values. The usmbfthe 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 BJRAMETg4 v 2.0 for more information on Uncertainty of Foldeasurementsand 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, thent@o-year calibration interval can be assign&gction 1lkxplainsthat if
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this criterion is not demonstrated, thend devicesnot meetingthe stability criteriaof 11.2.1
Sectionshallbe recalibratedat intervalsthat ensure the stability criteria are not exceeded
during the recalibration intervdl.

1 1SO 376 allowsr the maximumvalidity of the calibrationcertificatenot to exceed26 months
(about 2 years}

Reporting Criteria
ASTME74requires®

The report issued by the standardiziladporatory on the calibration of a foremeasuring instrument shall
be errorfree and contain no alteration of dates, data, etc. The report shall contaifotlmaving
information:

i Statement that the calibration has been performed in accordance 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 and the correspondiftections, including the

initial andreturn zeroforcesand measureddeflections.

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

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

I Forcemeasuring instrument resolution, the measurement uncertainty associated with the
calibrationresults,andthe verifiedrangeof forcesor verifiedrangesof forces

1 Theresultof the creeprecoverytest, when performed

The excitation voltage and waveform used for calibration when known

i1 Statement that the lower force limit expressed in this report applies only when the
calibrationequationis usedto determinethe force

=a =4 =4 =1

= =

=

ISO376 requires?

1 Theidentity of all elementsof the force-provinginstrumentandloadingfittings and of
the calibrationmachine

1 Themodeof force application(tension/compression)

1 Thatthe instrumentisin accordance withhe requirementsof preliminarytests
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1 Theclassandthe range (orforces)of validityandthe loadingdirection (incrementat
only or incremental/decremental

1 Thedateandresultsof the calibrationand,whenrequired,the interpolationequation

1 Thetemperatureat whichthe calibrationwasperformed

9 The uncertainty of the calibration results (one method of determining the uncertainty
is given inAnnex C)

9 Detailsof the creepmeasurementijf performed

Miscellaneousltems

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

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

In addition, he ISO 376 appendix deals with beanagl tests which are highly recommended for verifying
that there is no interaction between the foréemnsducerof aninstrument usedn compressiorandits
supporton the calibrationmachine Morehouse can perform bearing pad tests if requested.

§00% Pliis,

Figure73: Morehouse Quick Change Tension Adapter Value Meets ISO 376 StamtadA.4 Requirements
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3

Figure74: 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 376 calibratioartdy to ASTM E. 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, several others
exist.

Morehouserecommend that anyoneperforming force calibrations tASTME74,0r ISO 378hould
purchase the standard#/orehouse camalibrateto ISO 376, ASTM E74, or both standaBigpose you
need calibration in accordance with either stand2hd that caseit is essentiato look at the scope of
accreditation and verify that your calibration provider has the capability mentioned on their scope, as
shownbelow.

Morehouse Calibrating Machinegmplifyforce 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 setups for 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.

Figure75: Sample from Morehouse Scope Showing ASTM and ISO 376 Capability

ASTM E74 and Accuracy Statements

Thecurrent ASTME7418 standardis StandardPracticefor Calibrationand Verification forfForceMeasuring
Instruments At Morehouse, we support the best practicestlined in the ASTM E74 standard to represent
the expected performance of a loagll or other forcemeasuring instrument. What may be a bit of an
industry disconnect is that some companies receive a full ASTM E74 calibration report only ta@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 to be found on the ASTM E74
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 position of saying the calibration of the foroeasuring 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 of the actual intent of the ASTM E74 standard.

A key indication of best practices not being followed is when someone asks about an astatermentin
the reportor doesnot find one and gesback to the instrument's specification sheet. The specification
sheet isuselessvhen relating to ASTM E74 calibratidhe ASTM E74 calibration report typically
encompasses the "lios share" of the overall measurement uncertainty, whichissedif only the
specification sheet is used.

Thespecification sheet will beelpfulin figuring out uncertainty contributorsuch as environmental
conditions relating to operating at various temperaturéhelps evaluate errors due to misalignment or
how well the device may return to a zero condition. The specificatimet is alsdelpful in evaluating how
good the forcemeasuring instrument may be. Specificatign-repeatability often showsow wellthe
force-measuringnstrumentmay repeat without being placed under different conditions.
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The major flaw is tht the specification sheet does ngive the enduser much of their needdt does not
tell the user the actuatxpected performance of the device. A force standard asctheASTM E74 excels
at providing the eneluser with meaningful datdt tests the reproducibilitcharacteristicof the force
measuringdevice.

The standardjuidesone onhow to performthese tests, such asndomizing force application conditions.
This randomization, asmple as rotating and repositioning the instrument, often yields the actual expected
performanceof the 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

Figure76: Data from an ASTM Etélibration.
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Theexpectedperformancefrom the ASTME74calibrationis determinedby performinga seriesof
measurements and calculations per the standard. A standard deviation is calculated ugiifetieace
between the individual values observed in the calibration and the correspondings taken from a
regressiorype equation.The standard deviation is then multiplied bg@eragefactor of 2.4to
determinethe LLEThisterm is dubbedhe LowerLimit Factor(LLF. TheLLHs then used to calculate the
verified range of forces. This is where certiiarketingspecifications can assign accuracy.

A good example isiarketing materials for Morehouse load cefarour UltraPrecisiorLoad Cells, we
specifythat the load cells are accurate to 0.005 % of full scale.ar¢ saying that the ASTIML.E-the
expected performance of the load cell bistter than 0.005 % of full scalblowever, this is only one
componentof the much larger Calibration and Measurement Capability Uncertainty Parameter, called
CMC.

Under the same conditions that Morehouse used for calibratibe device is expected to perform better

than 0.005 % of full scal&he expected performance on a 10,000 Ibf loadsteuld be better than 0.5 Ibf
(10,000 * 0.005 %). Sogvare saying that &G G KS GAYS 2F OFfAONI A2y (KS f
will be better than 0.005 % or Harts per million.

If we continue to follow the ASTM E74 standard, the calculatdalill be used to determine the usable
range ofthe device.If youare not usingthe load cell for ASTM E74, E18, E10, E4, or other standards
referencing ASTM E7then this verified range of forces may not hold much value
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ASTM E74 Load Cell Selection Guide

Figure77: Morehouse Precision Load Cell

Many people get confused with load cell specifications and what they meaat ddles it mean when a
companysays the load cell is accurate to 0.01 % of full &cHlealibrated using the ASTM E74 standard, the
meaning differs from a pure accuracy specificatibme ASTM E74 calibration offers greater robustness
compared to a basic singten commercial calibration or one where acceptance limits are adjusted based
on measurement uncertainty, with a subsequent pass/fail conformity assessment.

We designed an easgyp-follow ASTM E74 Load Cell Selection Guide to assist everyone in comprehending
load cell specifications in line with the ASTM E74 standadexample, when we specityat a load cell is
better than 0.01 % of full scale, veaythe load cell will have an ASTM Class A verified range of forces
(usable range per ASTM E74) of better than 4 % through 100 %.

Download the ASTM Load Cell Selection spreaddiezet
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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

Figure78: Precision Load Céccuracy Chart

The abovdigure breaksdownthe ASTM E74 criteria. On a 1,000 Ibf load cell, the ASTNLE#bw well

the load cell performs when conditions are varfetlowing the standariiwill be better than 0.1 Ibf. The

Class A loading range will be 400 x 0.1 (ASTMLEY4r 40 Ibf. If calibrating 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 EA4.
The 40 Ibf point is known to be within 0.25 %ttod applied Forc€0.1/40= 0.25 %).

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

Figure79: ASTM E74 Test Accuracy Ratio Pyramid
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This correlates well with the abovigure, which showshe different accuracy ratios. Working standards

need to be better than 4:1 when compared to the accuracy of the testing machine. Secondary standards
calibrated by primary standardaustbe better than 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 multiplyitd by 200. The result

would be an ASTM Class AA verified range of Force of 200 through 1,06CHief 200 Ibf test point, the

device is known to be within 0.05 %the applied Forc€0.1/200 = 0.05 %)

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%
Figure80: Morehouse Spreadsheet Inputs

Our easyto-use spreadsheet calculates everything basedhenoad cell capacity and units that are
entered Anything in Orange would be filled in.

The table incorporates a Custom field where individuals can make assumptions abepetigcations to
determine the usable range.
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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

Figure81: 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 $alilee enduser canmake the most informed
decision about which load cells meet the appropriate specification

In most cases, Morehouse Precision Load Cells will yield the best perfortoapigee 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 to 0.025 % 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 % calibrate a load ¢elD.01 % of full scale? Simple math, right, yet many load cell
manufacturers do not have equipment with measurement uncertainties better than their specifications.

Therefore, it's not feasible to acquire a load cell from them and anticipate maintaining &Qodiuliscale
accuracy when their scope of accreditation indicates a higher measurement uncertainty.

Part of any risk mitigation strategy should consider the following:

w Selecting a calibration supplier that offers the smallest measurement 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 reliability by managing calibration intervals (follow ASTM guidelines-géar Initial
calibration interval on new equipment and then increase if specifications are met)

w Monitoring of standards using control charts (Morehouse hasraBForce Verification Sysem to

help)

W Continual improvement of the calibration processes (We all wairhprove continually by

ForceCalibrationfor TechniciansTopConditions Methods,and Systemghat ImpactForceCalibrationResults/3
6/2024 Author:HenryZumbrun MorehousédnstrumentCompany Page100



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

[THE FORCE IN CALIBRATION SINCE 1925]

(717) 843-0081

investing in employee education, equipment, and learning as much as pdssible

How to Choose the Best Reference Standard Load Cell

What is the best load cell | can use as a reference standard? This question appears straightjetiard,
takes a series of questions to answer once we examine thedssué KS Y2 ad 02YY2y | yagSN
depends oryour expectations

If your primary concern is performance alone, disregarding price and ergonomics, the response differs
significantly compared to when considering the best value. To provide a comprehensive answer to this
guestion, we will delve into some fundamentals relhte the choice of a load cell as a reference standard.
Key considerations include price, actual performance attributes, specifications, ergonomic considerations,
and overall value.

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

support the reference standard load cell.

Reference Standard Setup

Tostart,f SGQa 221 G Iy SEFYLES 2F | BuESFSAINHaOS adl yRI
Machine

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

Figure82 Morehouse UCM Showing Adapters to Mount a Reference Standard Load Cell in Compression
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The reference load cell is mounted in compressand the breakout picture shows the adapters used to
mount the reference standard. These adapters facilitate keeping the line of force pure by centering the load
cell in the machineThe adapters undergo machiniagdoccasional heatreatment, utilizingconnections

such as ball adapters and spherical joifiisese balhdapters improvehe performance characteristics of

the load cells. Initial testing with and without the load ball compression adapter increased reproducibility by
30¢ 40 %.

At Morehouse, we calibrate the load cell using the ball adapter sh@wa.aboveshows a load cell with a
load ball compression adapter being set up for calibration. The expectati@myone making force
measurements should be to replicate use. Not doing so can produce significant &hese. errors can
range from 0.01 % to 5 %, depending on the device

Figure83 Load 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 purposes, contemplate calibration at both Morehouse and Ai§Tarehouse, most of our
calibrations are performed using deadweight machines known to be within 0.002%) (of applied force.

If we use transfer machines, the uncertaimigesto 0.01 %or better of applied force. 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 higher than Morehouse at 0.002 29.(

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. If yowant the lowestmeasurement uncertaintyalue possible, go with NIST or buy a
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deadweight machine from Morehouse.

Measurement Uncertainty

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

Expanded Uncertainty @ 10K = 0.41 LBF Expanded Uncertainty @ 10K = 4.03 LBF
Morehouse CMC = 0.16 LBF Accredited Cal Supplier CMC = 4.00 LBF

Repeatability = 0.057 LBF Repeatability = 0.379 LBF
INDIVIDUAL CONTRIBUTORS INDIVIDUAL CONTRIBUTORS

CAL SUPPLIER
MOREHOUSE CMC s

Expanded Uncertainty when

RESOLUTION RESOLL ;;m calibrated with Primary Standards is
approximately 10 times lower than
using secondary standards

U-7643 LLF s U-7643 LLF
ABILITY REPEATABILITY

REPRODUCIBILIY REPRODUCIBILIY

000.00E+0 50.00E-3 100.006-3 150.006-3 200.006-3 000.00E+0  LOOE+D 200640 3.00E+0

Figure84 Measurement Uncertainty Analysis Comparing Calibration by Primary Standards Versus Secondary
Standards.

Let us compare 0.002 % to 0.01 % oA@®using transfer standards (noleadweight) such as a load cell
in a dynamic calibrating machin€herewill be a significant difference because you have changed the
starting uncertainty of the measurement by a factor of¢I®5 times that of starting with deadweight.

The provided figure illustrates an analysis displaying the Expanded Uncertainty on a 10,000 Ibf load cell
when calibrated at Morehouse compared to an Accredited Calibration Supplier. During calibration by
Morehouse, the Expanded Uncertainty is 0.41 Ibferdas when the Accredited Calibration supplier

conducts the calibration, the figure increases to 4.03 Ibf. The overall difference in Expanded Uncertainty is
significant.

No matter what load cell system you purchase, it will be limited by those much 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, a deadweight machine might be in your future. Price is always an

important consideration. If someone says they want the best reference standard load cell, they may hear,
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"Can you wait a year to have a specialty load cell mawé2did that for our 4.4 MN (1,000,000 Ibf) load
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 one referencansiard to calibrate other load cells from approximately
32,000 Ibf to 1,000,000 Ibf without changing standards. We pair this custom load cell vaeh0d@ HBM

DMP40 meter, which is nearing obsolescence and will soon be replaced by the HB¥LDMP

Test No.: 684.07/0-0000001609-20 Page Sof 7
Calibration Date: QOctober 5, 2020

GTM Load Cell No. 50751, ASCENDING DATA, SECOND-ORDER FIT
Capacity 1000000 Ibf Compression, Calibrated to 4448222 N
HEM DIMP40 Indicater No. 093520044

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

Applied
Farce Predicted Response Response Response
{Ibf) Response Rum 1 Run 2 Run 3

20000 0035789 0035795 0.035783  0.035789
30000  0.053648  0.053537 0053635 0.053638
50000  0.089367  0.088376 0085376  0.089373
100000 0.178669 0.178591 0.178691 0.178688
200000 0.357293 0.357274 0357276 0.357274
300000 0535944 (0535936 0535932  0.535931
400000 0714823 0714620 0714615 0.714617
500000 0.893329 0.893346 O.B53338  0.893337
B00000 1.072062 1.072059 L072051 1072057
FO0000 1.250822 1.250836 1.250825 1.250825
BOOOCO  1.429609 1429627 1429615 1429623
S00000 1.608423 1.608424 1.608412 1.608420
1000000 1.787265 1.787263 1. 787250 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) + Clforce)®

where A= 7.14099E-05
B=  1.785B4E-06
C=  135715E-15

Standard deviation = 0.000012 response units

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

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

Figure85 Calibration from NIST of Morehouse/GTM Cell with HBM DMP40

Compare the $160,000 plus load cell with a Morehouse load celah8indicator. In the report below,
the ASTM Lower Limit Factor is double that of the GTM/Morehouse Custom with HBM indibatprice
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is roughly 1/10 of the highegierforming load cell plus the $30,000 calibration.

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 0.15909 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 1.58937 158932  1.58939 1.58940
600000 1.90633 1.90628 1.90634 1.90632
700000 222291  2.22287  2.22296 2.22291
800000 2.53908 2.53903  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

Figure86 Calibration from NIST of Morehouse 1,000,000 Ibf load cell 43&5.

The initial equipment price is 1/10 of the other system, and the performance is excellent, although it is not
as good as theystem,costing ten times more. Most labs would love the numbers that the Morehouse
system withthe 4215 indicator is capable of. For comparison, the approximate price of a 1,000,000 Ibf
deadweight machine is $10,000,000, and a 1,000 Ibf deadweight machine is around 1/100 of that cost.
However, we are not showing the full details yet. Looking at theoperdnce characteristics shedsone

light on how good the system is.
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Actual Performance Characteristics

When we look at load cells, we 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
the load cell is temperature compensated anchrrepeatability.

Many people get caught up in the wrong things. They look atlimaarity, SEB, and other specificatiolts.
may not matter if the calibratiofollowsa standard such as ISO 376 or ASTM E74; these specifiaatons
irrelevant These standards use highatder curve fitting routines and rely on polynomial equations.

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

What you want to know is the expected performance of the load cell. ASTM E74 and ISO 376 are standards
that do an excellent job of giving tise right expectatios. 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 perform to these standards because these characteristics
tell you how good the load cell iSheyare not made up of numbers. Thguaranteethe reproducibility of
the measurementvhen used in a similar environment.
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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

» IS0 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

Figure87 Performance Characteristics thistatter.

Some simple thingare often overlooked. For example, there are some very-kigtload 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 Tvediyare 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 do not calibrate well because of it.

Some higHevel industries that own their deadweight frames have purchased these sgpsitive load

cells and found that they cannot get repeatable numbers because they are too sensitive. At Morehouse, we
do not typically recommend one of these load cells. Oitira-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.

ForceCalibrationfor TechniciansTopConditionsMethods,and Systemghat ImpactForceCalibrationResultsv3

6/2024 Author:HenryZumbrun MorehousédnstrumentCompany Page107


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

Morehouse Instrument Company
1742 Sixth Ave.
York, PA 17403-2675
(717) 843-0081

THE FORCE IN CALIBRATION SINCE 1925

Morehouse Instrument Company is ISO/IEC 17025 / ANSI/NCSLI Z540.3 Accredited www.mhforce.com
Value

What is the best value? Is it tlseiperduper load cell that 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 the largest loading range with the smallest
uncertainty However, a 500 kN (112,000 Ibf) load cell weighs around 26 k§s)(3HBM makes some
fantastic load cellswhich are alstneavy and tend to have a higher price tag.

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 incremental (ascending) and decremental (descending) loading.

TheSheamweb load cell is the best design for many compression and tension applications. Other
manufacturers make this style of load cell, and mawayld be great if they had tapered base and integral
adapter.

Valuewise, the best value might be oWRrrecisiorclass 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 gatbat is
guaranteed is an ASTM E74 Class A lower limit better than 4 %. The load cells often calibrate much better
than that.

Even if cost remains a consideration, &udgetclass load cells continue to utilize the shear web design,
albeit at a lower expense due to specific design modifications. Importantly, their performance is
uncompromised and only marginally less than that of the Precision load cell.

Pairing your load cell with the right meter is essential to maintaining performance. Suppopaiyau
Morehouse UltraPrecision load cell or HBM TGPRnsfer load cell with a commercial -tiffe-shelf lower
performance meterThe load cell will not benefit ydoecause the meter severeliynits performance
characteristics.

Weare oftenasked, "What is the best meter | can use with my load cell?" The answer is an HBMLDMP
which costsabout $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 displays a Morehouse 1,000,000 Ibf load cell employing a 4215 indicator.
The 4215 indicator has approximately 400,000 counts, in contrast to the 2,500,000 counts on the HBM DMP
41.

However, buying the best load cell and meter usually requiftasy and mountingthe load cell into a
machine. If the calibration laboratory does not have the proper lifting mechanisms, a 26 kg (571b) lift, or
heavier on shear web load cells over 50 kN, may not make sense.

ForceCalibrationfor TechniciansTopConditions Methods,and Systemghat ImpactForceCalibrationResults/3

6/2024 Author:HenryZumbrun MorehousédnstrumentCompany Pagel08


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

Morehouse Instrument Company

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

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

Ergonomic Issues

If weight is an issue, you can get other style load cells with similar performance characteristics. However,
there is usually a tradeff in the expected performance. For example, consider our lightweight
compressioronly multicolumn load cell. The load cellussuitable for tension applications, and the
performance idike a precision load cell with an ASTM Class A loading range of better than 4 % of capacity.
The UltraPrecision is twice agoodyet weighs about five times more than this load cell.

Figure88 Morehouse Load Cell Lightweight Compressiorly MultiColumn Load cell

The bottom line is that there will always be a traol between ultimate performance and what is generally
accepted to meet all the criteria.

At Morehouse, we educate our customers and provide tools to help 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 cell, we can source it,
assemblea complete systenincluding transportation cases, and provide the best calibrageelnext to

NIST.

You might have narrowed down your decision on choosing the right load cell, and now you might be curious
about the range of use that makes the most sense to obtain and maintain the measurement uncertainty

you want.
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How Low CamMy Load Cell Go?

THE FORCE IN CALIBRATION SINCE 1925

Figure89 How Low Can My Load Cell Go

Numerous factors can affect the performance of load celBome factors include the design of the load
cell, the readout used with the load cell, environmental conditions, cable length (if only-aicucable is
used), overloading, adapters, stability, alignment, and the test method.

There are enough load cell intricacies that impact measurement uncertainties to write a book strictly on th
subjectthat you are currently reading.

Management often wants to spend the least on equipment and push equipment such as load cells to their
lowest operational level.

Who can blame them as who would not want less equipment with better performance?

Using equipment such as load cells belog1® % of their capacity or lower, such as 2 %, is a frequent
practice that demands attention as it can significantly impact measurement uncertainty.

Thissectionexamines the impact on measurement uncertainty of using a load cell as low as 2 % of its rated
capacity, compliance with ISO 376 and ASTM E74 lowest force point criteria, and how to uphold the
reliability necessary to maintain a specific calibration insér\What holds for these standards can apply to

any load cell.
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The Top 3 Considerations for How Low Can My Load Cell Go?

Many customers ask, "How low can my load cell go?" We understand the potential benefits of using a load
cell from 2 % to 100 % @§ capacity.

Benefits like the lower your load cell can go to measure forces, the less equipment one would need to carry,
and the fewer setups one would need to make; sometimes, fewer calibration costs would occur, and who
would not want any of these things?

So, how low can your load cell go?
Like the Limbo, everything has a threshold beyond which going lower becomes improbable.

In thissection we hope to provide some things to consider regarding measurement uncertainty when you
ask how low my load cell can go.

We assume that one has communicated clearly with their calibration provider how they use the load cell so
that the calibration lab can best replicate use. That means whatever readout is being used, adapters, cables,
and standards or procedures being folledvare sent in and communicated to the calibration laboratory.

How low can my load cell go?

#1. What is the impact on measurement uncertainty for using a load cell as low as 2 % of its rated capacity?
The most significant contributions to MU (Measurement Uncertainty) would be the resolution, stability of

the instrument, ASTNMLHLower Limit Factor) if applicable, and the reference standard uncertainty used to
perform the calibration.

Resolutionis the smallest change in the measured quantity that causes a detectable change in the
corresponding indication.

Calculating ResolutionResolution is found by taking the output of the load cell / by the indicated reading
at capacity, and then that number is multiplied by the readability.

Case # 1 in mV/MAt 25,000, a load cell typically has an output af2mV/V. Most meters will read up to
the 5" decimal place. Thus, 25,000 / 4.00000 = 6250, which we multiply by the readability of 0.00001 =
0.0625.

Case # 2n force units,a 25,0060load cell may count by 1; there would be 25,000/25,000 = 1, then multiply
by 1=1.

Comparing Case # 1 at the 2 % force pt, our MU (Measurement Uncertainty) is 0.47 or 0.094 %, and in Case
# 2, 0.74 or 0.149 % by only changing the reference resolution from 0.0625 to 1.

More on the complete MU budget later.
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Reference Standard Stability Typically, this is defined as the change from one calibration to the next.
Morehouse wrote a paper oload cell reliability that goes into much more detail abthe reliability of
load cellshttps://mhforce.com/wp-content/uploads/2023/09/Morehousd oadCeltReliability1.pdf.

The conclusion was that selecting the load cell and meter is pivataélvants to maintain an overall
reliability of 95 % with 95 % confidence of 0.05 % or better.

In our sampling, we did not look at data below 10 % of a load cell capacity as the population data showed
the very best systems to have a 95 % confidence that the process was at least 89.33 % reliable at 10 % of
capacity, the numbers would have been muabrse below that number.

For our example, we will assumgu chosean exceptionally good load cell, like a shear web type with a
base and threaded adapter installed, paired with a highend meter like the 4215 HS. Typical stability
might be around 0.1 % at 1 % capacity and 0.05 % at 2 %.

ASTMLLF or Lower Limit Factqris a statistical estimate of the error in forces computed from the
calibration equation of a foreeneasuring instrument when the instrument is calibrated following ASTM E74
standard practice for calibration and verification for formeasuring instrumers.

The ASTNLLRuantifies the Reproducibility Condition of the calibrated device by following the ASTM E74
standard.

For our example, thASTMLLHs 0.209

The Reference Standard Uncertaiqt¥his is the uncertainty of the reference standard used to calibrate the
load cell.

Note: If the calibration was not done following ASTM E74, one might use the load cell specifications or
values from the calibration certificateéycludingnon-linearity, repeatability, and, if making descending
measurements, hysteresis.

Case # 1. Primary Standar{lBeadweights) are used to calibrate the load cell within 0.0016 %.
In Case # 1, our MU cannot be less than the standard used to calibrate the device.
Thus, our load cell cannot be less than 0.0016 % of the applied force.

Case # 2. Secondary Standa(ti®se calibrated by deadweight) are used to calibrate the load cell. The
typical number for a secondary standard varies between §.025; we will use 0.035 % for comparison.
In Case # 2, our MU cannot be less than the standard used to calibrate the device.

Thus, our load cell cannot be less than 0.035 % of the applied force.

Note: The deadweight primary standard gives one the best possible calibration on How Lidyv (el
Cell Ges

The following Measurement Uncertainty Budgets only include information available to Morehouse and are
incomplete as environmental conditions during use, repeatability studies, repeatability and reproducibility
between operators, resolution of the best etiigy device, and other error sources are not included.
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Theseexamplegepresentclose tothe absolute best one could achieve, and their Overall Measurement
Uncertainty would be much higher with more contributions to MU than shown here.

Measurement Uncertainty Budget Worksheet

Laboratory Morehouse
Parameter FORCE Range 25000‘ Sub-Range ‘ 2 % Force Point
Technician HZ Standards
Date 12.28.2023 Used SAMPLE LOAD CELL FOR HOW LOW CAN MY LOAD CELL GO
Variance %
Uncertainty Contributor Magnitude Type Distribution Divisor df Std. Uncert (Std. o
Contribution
Uncert”2)
ASTM E74 LLF 87.0833E-3 A Normal 1.000 32 87.08E-3 7.58E-3 13.85%
Environmental Conditions 7.5000E-3 B Rectangular 1.732 200 4.33E-3 18.75E-6 0.03%
Stability of Ref Standard 375.0000E-3 B Rectangular 1.732 200  216.51E-3 46.88E-3| ¢ 85.58% >
Ref Standard Resolution 58.0000E-3 B Resolution 3.464 200 16.74E-3 280.33E-6 0.51%
Morehouse CMC (Ref Lab) 8.0000E-3 B Expanded (95.45% k=2) 2.000 4.00E-3 16.00E-6 0.03%
Combined Uncertainty (u/)= 234.04E-3 54.77E-3 100.00%
Effective Degrees of Freedom 234
Coverage Factor (k), Confidence Interval =‘ 95.45% 2.01
Expanded Uncertainty (U) K = 0.47 0.09412%‘

Figure90 How Low Can My Load Cell Go 2 % of Capacity Incomplete MU Budget.

When we look at the overall measurement uncertainty of the 2 % force point at the time of calibration, the
dominant contribution is the stability of the reference standard in this example.

We typically will see either the ASTIMFor the reference standard stability as a dominant contributor to
the overall measurement uncertainty.

Occasionally, one will set the resolution too coarse, and that will become dominant.

Measurement Uncertainty Budget Worksheet

Laboratory Morehouse
Parameter FORCE Range 25000‘ Sub-Range ‘ 1 % Force Point
Technician HZ Standards
Date '12.28.2023 Used SAMPLE LOAD CELL FOR HOW LOW CAN MY LOAD CELL GO
Variance
Uncertainty Contributor Magnitude Type Distribution Divisor df Std. Uncert (Std. % Contribution
Uncerth2)
ASTM E74 LLF 87.0833E-3 A Normal 1.000 32 87.08E-3 7.58E-3 26.42%
Resolution of UUT 000.0000E+0 B Resolution 3.464 200 000.00E+0 000.00E+0 0.00%
Environmental Conditions 3.7500E-3 B Rectangular 1.732 200 2.17E-3 4.69E-6 1 02%
Stability of Ref Standard 250.0000E-3 B Rectangular 1.732 200 144.34E-3 20.83E-3 _258%°
Ref Standard Resolution 58.0000E-3 B Resolution 3.464 200 16.74E-3 280.33E-6 0.98%
Morehouse CMC (Ref Lab) 4.0000E-3 B Expanded (95.45% k=2) 2.000 200 2.00E-3 4.00E-6 0.01%
Combined Uncertainty (u/)= 169.43E-3 28.71E-3 100.00%
Effective Degrees of Freedom 207
Coverage Factor (k), Confidence Interval =r 95.45% 2.01
Expanded Uncertainty (U) K = 0.3a]  0.13637%]

Figure91 How Low Can My Load Cell Go 1 % of Capacity Incomplete MU Budget.

When we look at the overall measurement uncertainty of the 1 % force point at the time of calibration, the
dominant contribution is the stability of the reference standard in this example.

Note: We use some besase scenarios for stability and the ASTINF
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On how low my load cell will go, the comparison between a 2 % and 1 % force point peresigaghows
that at the 1 % force point, the overall MU is 0.136 % versus 0.094 % at the 2 % point.

If the ASTM.LHactor was dominant, there are options such as having the load cell calibrated using its
normal range and then calibrating a separate low range.

The ASTNLLFs often lower at a lowange calibratiorthan atnormal calibration.
The stability, resolution, and reference standard uncertainty typically remain constant; thuspaaljic
load cells can be used with multiple ranges.

In some cases, a second range from 4.0®6 of capacity might work, some 220 % of capacity might
work, and in others, a second range would have minimum benefit, if any.

To know what may work, contact your calibration provittereview the calibration history or history of like
systems

How Low Can My Load Cell Go?
#2 I1SO 376 and ASTM E74 lowest force point criteria.

Using a load cell below 2 % of its capacity is not recommended. ASTM E74 and ISO 376 have different
criteria for establishing the first usable force point.

ASTM Sections referencing the lowest possible applied force.

Section 8.6.3.2 Clags For forcemeasuring instruments used to verify testing machif@ewingPractices

E4 or similar applications, tHd_Fof the forcemeasuring instrument shall not exceed 0.25 % of force. The
lower force limit for use over the Class A verified range of forces is 400 timés Freforce units obtained
from the calibration data.

ASTM E74 Note 8 states, "It is recommended that the lower force limit be not less tha50yof the
capacity of the forcaneasuring instrument?

ISO 376 section 7.3 requires the minimum force to be greater than or equal to 2 %.
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7.3 Minimum force
Taking into consideration the accuracy with which the deflection of the instrument can be read dunng
calibration or during its subsequent use for verifying machines, the minimum force applied to a force-proving
instrument shall comply with the two following conditions:
a) the minimum force shall be greater than or equal to:

— 4000 x » for class 00;

— 2000 x r for class 0,5;

— 1000 = r for class 1;

— 500 = rfor class 2.

b) the minimum force shall be greater than or equal to 0,02 Fp.

Figure92 How Low Can My Load Cell Go ISO 376 Requirefents

How low can my load cell gd
#3 ASTM E74 on Calibration Due Dates

One of the main reasons we would advise against using a load cell below 5 % or 2 % is found in section
11.2.1 of the ASTM E74 standard, which states, "Foreasuring instruments shall demonstrate changes in
the calibration values over the range of useidg the recalibration interval of less than 0.032 % of reading

for forcemeasuring instruments and systems used over the Class AA verified range of forces and less than
0.16 % of reading for those instruments and systems used over the Class A verijedféorces."

Notice we are not considering 1 % as the likelihood of meeting the criteria is low.

Some load cells may meet the criteria, though almost any shift in output would cause the instrument not to
meet the criteria outlined in section 11.2.1, and the result would be the user no longer being able to have a
calibration interval of two years, whiovould increase downtime and calibration costs.

How Low Can My Load Cell &Gonclusion.

The question "How low can my load cell go?" involves intricate considerafion®aintain a low
measurement uncertainty and reliabilitgne needs to maintain a specific calibration interval.

The assessment of measurement uncertainty, including factors such as resolution, reference standard
stability, ASTMLLFor other specifications, when applicable, and the uncertainty of the calibration standard,
is vital for understanding the limitations and precision of a load cell at lower force levels.

Moreover, adherence to industry standards, such as ASTM E74 and ISO 376, provides clear guidelines and
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recommendations on the minimum force points for load cell usage.

The implications of calibration due dates, as outlined in ASTM E74, further emphasize the practical
challenges associated with using load cells at extremely low force levels.

Meeting calibration criteria becomes critical for maintaining calibration intervals and avoiding increased
downtime and calibration costs.

Like people doing the Limbo, each load cell is different.
Some will be able to go lower than others, and some will fail early.

If you buy great equipment, the chances of maintaining a usable range of 2 % or better with a Measurement
uncertainty of under 0.1 % of applied is possible, though not typical.

The decision on how low a load cell can go should be a careful balance between the application's specific
requirements, adherence to the appropriate standard, and the practical constraints imposed by calibration
considerations.
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Force Versus Mass

Figure93: Morehouse Tensiometer

Usingmassweightsto calibrate force devicescanresultin a significantmeasurementerror if one assumes
the nominal mass value is equal to the same nominal force value.

When metrologistgliscussneasurement erras, wetypicallydiscuss the difference between the nominal
valueandthe readingobservedon the instrumentwhenthe nominalvalueis applied. 1f10,000 Ibfis
appliedto aforce-measuringdevice and the readout displays 10,002 Ibf, the device has a Ri#sf
logically, i we load the samdorce-measuringdevice to 10,002 Ibf, we will have applied 10,000 Ibf.

Measurement erras canhavemany different causessome are easp find, and others might be more
elusive.ln dscussions with mangrofessionals ithe weighing industrywe havefoundthat some labs use
mass weights to calibratdevicesthat are generally calibrated using forcEhesedevices couldnclude
dynamometers, crane scales, handheld force gaugespaany otherdevicesresultingin significant
measuremenerrors.

Let usquickly review the difference between mass and force. Mass, under almost every terrestrial
circumstance, is the measure of matter in an objétwever, neasuring forceonsiders additional factors
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air density, material density, and gravityhe effect of gravitgan producesignificant erroravhen
comparingmass andorce measurements.

Mass calibration usualkgsults in a calibration certificatgpecifying the weight's conventional madsyou
went anywhere in the country with that mass, the conventional mass number on the certificate would be
correct. There is noeed for any gravity correctiorisecause the local gravity different between where

the mass was calibrated and where it is being used. The mass (the amount of whatdsisjotchange

with location. A legal for trade scale is calibrated using conventional massteahdicate the conventional
mass.

{AYyOS Yl aa R2SayQi OKIFy3aSs gKIFG Aa 32X Yyradty oKSy Y
pulling down on the mass. The force varies with location because gravity varies throughout the world. While
gravity is pulling down on the mass, another force is pushing up on the mass. The air around the mass

causes the mass to float slightly.nkgris the formula for force.

Gravity is not constant over the surface of the Earth. The most extreme difference Bh&Rveen 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 weigiisthen deployed somewhere else will
produce different physicalements and theresultingmeasurement errorganbe significant.

A force or torque measuring device calibrated in doeation using mass weights and then deployed
somewhere else will produce different physical elements at all but two places in the United States, and the
resulting measurement errors can be significant.

The effect of gravity can produce significant errors when comparing mass and force measurements unless
used in two places in the United States. Standard gravity (9.80665 hdppensat two places in the US.

There is sea level on the 45th parallel (one place in Maine and one place in Oregon). If you are not at sea
level on the 45th parallel, then the gravity you are experiencing is probably not standard gravity.

At these two places, local gravity equals standard gravity. When local gravity equals standard gitavity, 1
of mass equals 1 Ibf. If you aren't at one of those locations, thendf mass doesn't equal 1 Ibf. This is why
the ASTME74formulafor forceuses g/9.80665. It is to correct the force indication (Ibf) so that if the force
device were ever used at a location with standard gravity, the 4f mass would equal 1 Ibf.

Correcting for the difference in force and mass measurements is possible. When adjusting a device for force
measurements, the device will measure force without additional error for gravity correction, air density
correction, etc.

Luckily, NOAA's website has a tool for predicting local gravity anywhere on gsthgaa.gov)At
Morehousein York, Pennsylvanithe gravitational constanis 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, fa lab in Houston calibratedfarce-measuringdevice with mass weights for use at Morehouse, we
could expect anything we weigh to be hénby 0.084%. Not correcting values can henany
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consequencesif we were shipping steel by tonnage, we would ship less steel, redaostgand upsetting
our customes. If asteel supplier in Houston uses a scale calibrated in York with mass weiitfinsit
correction, they will ship more steel per ton.

Note that dynamometers, crane scales, tenslimks, handheld force gauges, asichilar devices are not
always "Legal for Trade Scal€eBlieycan be used a®rce-measuringdevices because their displayed value
can be adjusted based on a known force. If a knavass is used osite, there is an insignificant
gravitational measuremergrror, and the device can be usexs a lowaccuracy mass comparatdlany of
these instruments are used for measuring load4 adnthrough 300 tonssohaving the mass weights
necessary to calibrate esite isusuallyimpractical Therefore calibratingusingforce maybe the only
practicalmethodto certify the device.

In the tender request phase, it's crucial to determine if the lab possesses the desired capabilities and
whether the device should undergo calibration using force or mass.

Figure94: Morehouse 2,000 Ibf Portable Calibrating Machine
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Another typical example of these measurement errors occurs with scales (a mass measurementléevice).
1,000Ib. mass is used to calibrate a scale at Morehocarsgshipped to Denver, CO vitould have to be
calibrated again or corrected by formula to obtain the proper mass. Just compheéggavity inYork
(9.801158n/s2) and Denver(9.79620m/s2), we find a differenceof about0.05% Thismearsthat 1,000 Ib.
applied would read as 999Ib. without correction If the scale's accuracy were 0.%d, thenthe device

would be at least fivetimesgreater thanthe accuracypecification.

Morehousemanufactures forcecalibrating machines with varying degrees of mobility, including highly
convenient iton capacity Portable Calibrating Machin#ctured abovejpnd our Benchtop Calibrating
Machine (5ton capacity). These machines can calibrate in masiag a correctioiormula, or in force.
Unless otherwise specified, Morehouse calibrates in potfodse. The equation toconvertmass to force is
Force=M xg/ 9.80665(1 ¢ d/ D)

Where

m = true mass of the weight (not to be confused witinventional mass)

g = local acceleration due to gravity, m/s2

d = air density (approximately 0.0012 g/cm3)

D = density of the weight in the same units as d (approximately 8.0 g/cm3)

Note: 9.80665 = the factor converting Sl units of force into the customary units of force. For Sl units, this
factor is not used.

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

or

mass= Forcex 1.000711725

When Morehouse converts to mass up to 120,000 Ibf, the applied force is multiplied by 1.000712003.

difference in the percentage of using mass instead of force at Morehouse is 0.071 %00®i£L2003
includes correctionfor air density as wells gravity.
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Figure95: Morehouse Force to Masipreadsheet

Morehouse has a spreadsheet to help with these conversions from force to mass and mass toHerce.
spreadsheet will allow load cells to be converted from force to naasiprovideformulas to correct mass
weights properly for force.

Download theforce-to-massspreadsheethat 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 forcagtweights are likely to be strangst nominal values. If this is an
issue, we recommend purchasing weights or equipment capable of generating Forces correctly. Morehouse
can supply such equipmenrin uncertainty analysis must be performed if the decision is made to convert

the mass weights to force

Figure96: Morehouse Mass to Force Tab

The above figure shows ttegnificanterrors that are often unaccounted for by using mass weights for a
force application. Examplésclude using mass weights with a torque arm, using mass weights to calibrate a
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