)\

FUNDAMENTALS OF FORCE
CALIBRATION %2 DAY
COURSE




AN

Force: Calibrationon



AN

Some Basics

u The workshop is for your benefit, and its success is depende¥iOinh
u Enter the discussioBNTHUSIASTICALLY
u FREELYive your experience relating to the topic

u Say what you think to th&ROUP (Private conversations while someone
else Is speaking are distracting.)
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Henry Zumbrun lIMorehouse Instrument Company
1742 Sixth Ave

York, PA 17403

PH: 7178430081 webwww.mhforce.com

c c c c c

sales: hzumbrun@mhforce.com
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Course Abstract

u This course will cover applied force calibration techniquesillicover the
Importance of calibrating force measurement devices in the way they are
being used to reduce measurement errors and lower uncertainty.

u Therewilbe minNB A S¢g aSaarzya UKNERdIzIK2 dzi
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Course Agenda 0 Imagine Leaving This Session With
Knowledge About All of the Information Below

u Company History Introductions (10 minutes)
u Force Calibration

u Force Calibratiofequipment

u Choosing the Right Load Cell System

u LowCapacity Force Measurements

u ASTM E74 (Brief Discussion)

u Potential Force Measurement Errors
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Why We Exist?




Why We Exist?

Load
D
. @
TestProcedure TestResult

Brinell Testing
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Company History

u 1920sc Morehouseand the U.S. Bureau of Standards started to design and
refine force calibration products (Proving Rings) to generate an accurate
force for Brinell Hardness Testing.

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




SHPIWME Informal
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Burvan of Standurds
@prtificate S
.’l’uvlntr ilag
A0, A4S
Maker: B. S Ne
orchouse ¥achine Co., R 7197
33 Weet Market Gt., ° Y. 9. Yorshousse

York, PYa.

BErinell ~rov1n5 ug lNo. 14 was submltted by the
Xorehouse .Jechine uo., 2 deat Wariet St., Tork, Pa.,
for oslibration and cerclfication.

The ring waz onlibrated in the Brinsll dead-weight
machine. The resulls of calibration are found in the
tsble below:

Ning
Ho. F 3 C Value of 1
2. Kg. Xg. 1 ig. Kg. division
of dinl
Kg.

L) 25.8 Bl1.1* 76.1 100.8 126.38% 148.55 19.7

* The values of deformstions for 1000 and 2500 Eg. loads were
obteined by interpolation

The error of ring for sny load does not exceed :0.1 di-
vision of dial. The above values were obinined al = tempers-
turs of 80°F. In order to compare the deformation of a ring
in n testing machine with those given in the table, the form=
er mist be reduced to the temperature of 60°F by mesns of
the formuln:
lgp ™ 8y x 1 - 0.00015 (¢ - 60) where

¢
d.(, - dcfnrr--tlon a' r\m.- at 8O°F
ag = " sy
t = temperature °l‘ during th7 test.
Test Number 47197.

Washington, D. C. Georpe 7. Burgess, Director.
¥ny 24, 1926. ~,¢jr§

MOREHOUSE PROVING RING, S/N 14: 3,

@ertificate of Calibration

and Traceability to the

United States National Bureau of Standards

f capacity COMPRESSION TYPE

APPARATLS CALINRA

MOREHOUSE PROVING RING, S/N 14, was calibrated according to ASTM

cification E74-81, "Standard Methods of Calibration of Force-
B suring Instruments for Verifying the Load Indication of Testing
Machines.

" fThe uncertainty of this Proving Ring as determined by
statistical analysis is 7.14 kgf, at the calibrated loads only.
APPLIED ) )
LOAD _Run 1 Run 2 Run 3 Average
Kaf daiv daiv div div
500 26.6 26.5 26.7 26.60
1000 52.1 52.0 52.1 52.07
1500 76.8 76.7 76.9 76.80
2000 101.3 101.5 101.7 101.50
2500 126.5 126.8 126.8 126.70
3000 151.3 151.4 151.4 151.37
Temperature during calibration = 23° C.
Calibration Apparatus Used Date

DEAD_WEIGHT FORCE MACHINE, S/N M

within .003%

of load, calibration traceable Calibrated By

to the U.S.

National Bureau of Standards,

)

Laboratory

FORM 2293

7377229759

MOREHOUSE INSTRUMENT COMPANY

RATION LABORATORY

FORCE
1742 SIXTH AVENUE

__ July 25 /@_
[ ay

MOREHOUSE INS\‘RL’MENT' COMPANY

Meﬂo&«w

THE FORCE IN CALIBRATION SINCE 1925

u Morehouse Proving Ring S/N 14 Calibrated in 1926, and the last calibration
we have on record is July 25, 198Fhe ring was in service for over 58 years.
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What Morehouse Does

u We manufacture force calibration products

u We calibrate forcaneasuring equipment using standards with very low
uncertainties.

u These standards allow us to lower the uncertainties of equipment sent
to us for calibration

u We help labs make better measurements, which makes the world a
safer place!
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What Morehouse Does

We create a safer world
by helping companies
Improve their force and
torgue measurements

NMeretrowse
| 20 asuse st Conpary W crete  sfer word by helpngcompanies improve thef oce an toraue measurements. winwmhiocecon 12
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Force Capabillity

Morehouse offers dead weight primary standards calibrations accurate to
0.002 % (20 parts per milliorgf applied force up to 120,006f. Other force
calibrations offered up to 2,250,006f know to be within 0.01 % (100 ppm).
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Torque CapabllltL

calibmt!on accmeies of 0.002%

of applied torque from
1N-m to 2kN-m
Tmm-ymnmmwmlnw

m'mmsw

wnhmeBiPMasmonnml

Morehouse torque calibration laboratory feétures a primary torque calibration
standard accurate to 0.0025 % (25 ppm) of applied torque. This standard is the
second most accurate torque standard in the world.
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Introductions

u Please state the following:

u Name (Preferably your name)
u Experience level?
u A Question about Force Calibration you may have?
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Common Questions

What are the common error sources?
How do | calculate Measurement Uncertainty?

Pal

| 26 R2 L 1y2¢6 AT Y& RSOAOSA | NB

What are traceable measurements?

Proving Ring versus Load Cell, what Is better?

What adapters do | need to calibrate load cells?

How do | keep my technicians from squashing load cells?
No specific question. Just here to learn as much as possible!

c Cc Cc Cc Cc C C C
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Learning Objectives

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

u ldentify various types of force calibration equipment and perform some
pasic load cell troubleshooting techniques.

u ldentify potential force measurement errors.

u Implement and apply proper force calibration techniques as discussed anc
demonstrated in the class.

u Use the appropriate force equipment and method to make statements of
conformance.
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Force = Mass X Acceleration

SI BASE UNITS | withoutspacal | SI DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS

Solid lines indicate multiplication, broken lines indicate division

. . . kilogram
u Force Is a derived unit. ”
. MASS
The Sl Base units for mm, nggggﬁ soer _ bost
force are Mass, ] SO @, Lo
Tl me, and Length’ aS second § Qﬂiﬁ?%?ﬁf’%r ::HEATFLOWRATE (ougaﬂur;oﬂ” : s
. . . TIME Ve henry (Wb/A)A lte»sl\a"‘ ‘:(‘;Nblmz)
shown in the illustration ) ©
| B ol _ k . INDUCTANCE MAGNETIC
e ] - FLUX DENSITY
SUBSTANCE \,) o YOIt N (W/A)
Bl A [ © /eeric ‘ & POTENTIAL,
ELECTRIC CURRENT \ -/ CHARGE . 2 | megnokom
degree I (K) farad (CN):"», ohm (V/A)  siemens (1/Q)
kelvin K E.Celsius @ g @ @
= ceLsius CAPACITANCE " ResisTancE CONDUCTANCE
e =
candela cd lux (Im/m?  lumen (cd-sr) Stemdia" (mzlm2=1)radia(m/m=l)
LUMINOUS INTENSITY
ILLUMINANCE SOLID ANGLE PLANEANGLE
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Force = Mass X Acceleration

A CIPM/BIPM defines 1N as the force required to accelerate one kg to one
meter per secondoer second in a vacuum.
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What happens if we do not perform force
measurements properly?

This session is to help you make the world
a bit safer by helping others to make
better force measurements.
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What Could Happen if you Fall to Get
the Force Measurement Correct?

A Incorrect Concrete
Strength
Measurement

A Incorrect Steel
Strength
Measurement

A Cables not checked
properly for
prestress or post
tension




What Could Happen if You Falil to Get
the Force Measurement Correct?

S |

1 Unstresse d beam
> L J Load deflection (down)
3 Tendons stressed
< >

A Prestress forces

> <
5 \ Prestress deflection (up)
q h
6 Total deflection (flat)

_p/‘“—_“‘_\ﬁ—
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Force General Information
Why Is Force Measurement Important?

A The measurement of force is performed so frequently and routinely that we tend to
take these measurements for granted

A Almost every material item is testagsing some form of traceable force
measurement.

A Manufacturers are often required to do sample testing on the products they
manufacture.

A These products may vary from the wood that was used to build your house to the
cardboard that holds your toilet paper on the roll.




~— HEQIIIREII TO'UNROLLIT="
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Measurement Traceability and Uncertainties
Typical Metrological Traceability Uncertainties for Force Measurements

> Note: Traceable to Sl through a National Metrology Institute
* (NMI) recognized under the CIPM MRA
O e s L T T TP T PP e .

Typical Uncertainties for Force Measurem&ntl
NIST = 0.0004 0.0005 %

Morehouse=0.0008 %
Accredited Calibration Supplier = 0.02 %
Working Standards = 0.1 %

v :
Accredited Calibration Field Measurement = 0.5 %
Tt Y
‘ €
FlELD
INE/ASUIRENENAF

Measurement
Uncertainty Data is

cumulative from one
level of hierarchy to
another!
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Force General Information
Why Is Force Measurement Important?

Aircraft Weighing Applications




W\ Force CMCs at Different Tiers

.-.i;iiiéiilitlt;:

Tier 1: Primary Standard 0.0016 % used to Tier 2: Secondary Standard 0.02 % used
calibrate Secondary Standards to Class AA to calibrate load cells to Class A




Tier 3 :Calibration of Working Standards using a Comparator (Morehouse Bench
Top machine with load cell) to calibrate various equipment. CMCs typically
vary from 0.03 % to 0.5 %.




Uncertainty Tiers For Force Calibration

Tier 1 Primary Standards a deadweight force applied directly without intervening
mechanisms such as levers, hydraulic multipliers, or the like, whose mass has been
determined by comparison with reference standards traceable to national standards of
mass. Require correction for the effects of Local Gravity and Air Buoyancy.

Tier 2 Secondary Standards instruments such as load cells, proving
rings, and other force measuring devicesora  mechanism, the
calibration of which has been established by comparison with
primary force standards.

Tier 3 Working Standards instruments such as load cells, force gages,
crane scales, dynamometers, etc., Where the laboratory falls into this
range largely depends on the reference standard used to calibrate the
evice. Achieving 0.1 % may require very stable devices and calibration
rimary standards.

Tier 4 Devices for Force Verification instruments or Universal
Testing Machines (UTM) used for testing material or

ommon after this tier as the measurement uncertainty
ames quite large.

Not e: Al | %0s are of applie
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Uncertainty Propagation For
Force Calibration Systems

Table 1. Uncertainty Propagation Analysis for Load Cell Calibrations

TIER >>> Prima:;:ES'tiagdards Pri-:.r::rl; 1Lab Sec:r:ﬁ:r: Lab
No UUT Load Cell Calibrated by Load Cell Calibrated by

UUT Info >>> (Deadweight CMC Primary Standard Secondary Standard
Calculation) (Class AA Assigned) (Class A Assigned)

Reference Urer 2 0.396893 N =1 1.42 N =>117.57 N

Resolution (Reference) Ugesrer | 3.464 N/A (deadweight) 1.07N 1.07 N

Resolution (UUT) Uresuur | 3.464 0.2780 N Tt 1.07N 1.07N

UUT Repeatability Urep i 0.2567 N 1.7646 N 1.7646 N

B/W Techs Reproducibility and

Repeatability Urer 1 0.49N 3.910 N 3.910N
Stability UsTa 1.732 0.0178 N 445N 445N
Environmental Uenv 1,732 Included in Ugrer 0.667 N 1t 0.667 N
; — N/A
Side Load Sensitivity Umisc 1,732 (deadweight frame) 267N 267N
5.3 18.296 N 23.718 N
ASTM Lower Limit Factor (LLF) Uastm 24 | e - —— Iiass Awsiined)

. 0.0016 % 0.01974 % 0.031 %
Exnaiced Uncore iy < - (1.42 N) * (17.57 N) * (27.45 N)

Tier 0 is the CMC of Morehouse Machine. Tier 1 is Calibration by Primary Standards Class AA loading
Range Assigned. Tier 2 is the actual CMC of the Secondary Standard. The % error is based on a 20 % test
point.
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Common types of Force Equipment

A Bolt Testers

A Proving Rings

A Force Gauges

A BrinellCalibrators

A Traction Dynamometers
A Tension Links

A Crane Scales

A Load Cellgmultiple types
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Bolt Testers

A Used to test higfstrength bolts

A Calibration requires special fixtures based on factory
recommendationsAccuracy Is typically 1 % of applied reading
between 2080 percent of the range. These are typically used to
test structural fasteners and tegirque/tension relationships
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Proving Rings

Reliability

It has been proven that a steel ring made of the correct steel alloy and properly manufactured
will perform as a neaperfect elastic member. The Proving Ring, if used and maintained properly,
can last indefinitely.

Repeatability

Proving Ringsynlike other forcemeasuring instruments, are not sensitive to rotation/positioning
problems
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Proving Ring

A The bending moment of a Proving Ring does not vary
significantly in the region of the horizontal diameter, which
leads to a nearlyniform strain distribution
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; 0712712015 680362715
THIS CRLIBRATION Wrs ;a_ctl‘l!?!tb TRECERDLE
’H' .:.“:.m m::.. INSTITUTE OF STANDARDS & TECMNOLOGY This Calibration Dta;at I:se Certified Traceable
s b ad LU LLLL LD L L United States National Institute of Standards & Technology
05/03 MODEL: 200
MOREHOUSE Dﬁgiw ﬂlg NO-6603 MOREHOUSE Proving Ring, SERIAL NO. 6803
CapnaciTY 2 L m?’l 2000.00 LBF Compression Calibrated to 2000.00 LBF
c:llbratlon isin Accorg;n:: ng'h‘ 238;:)“;14-13 >
A g Comp egrees
b e ARt S
' e ASTH Method 218 Interpotated Zera CFitted Gurve " From
R T WA B S &S e e s®eoeen®esteoeeoese s : Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Curve
wkﬁtl DEVIATION FROM VALLES LBF DIV DIV % DIV % DIV DIV
miso DURING %lm‘nm FITTED CURVE an 50 2699 27.00 27.10 01 -010 0.00 27.10
e L Y e e S FI1T1Y . 1 . . : ; .
MNT . RMZ RN 3Z RUNG RNZ2 RS 5 w 2mer  mves e om oo 00 2772
e e - e e - Pt = LA A A€ AR AL et S Vs A S S a e L. 600 327.70 327.66 327.66 011 0.07 0.07 327.59
LBF DIV o1y D1y DIy o1V oIy piv 800 438.08 438.10 438.14 -0.07 -0.05 0.01 438.15
o 737 Bl L0 o3 10 %  eetst o2 o005 a0 o0 porpd
£ T 5 3 s 2" 1400 773.96 77394 774.05 001 -0.03 0.08 77397
Lﬁ'g ésg' é%' 8 \ _0' ﬁ 2§ 4 .‘.}Q’ 35 1600 887.28 887 .42 887.36 -0.01 0.13 0.07 887.29
- i '%2 ir .l, '&‘s? 3.11 S‘N “7'6,' 1800 1001.10 1001.10 1001.08 018 019 028 1001.29
o 3 -% %eg ﬁg'% &:“ s- :03 ‘18: xg 2000 1116.21 1116.08 1116.08 022 0.00 007 111599
1,009, 4 BA5.47  5A%.4 : L85 S49.A
x:m.g BelLEE  felsm gL u w2 @ 661,37
i i e RS
:&:5 "“A:‘ 1.00£u 1,001.35 ~0.BE -@,0c -8.08 1,801.47
é. . 1y116. 1,116, 31 1,116, 34 .07 o 088 1,116.26
................. The ing poly ial equati d in ASTM E74-13 has been fitted to the force
E e e e - - - ae = o s e and defl: values ob d in the using the method of least sq 3
response = AD + A1(load) + A2(load)*2
THE OWING CALIBRATION EOQUATION, DESCRIRED IN SSCHDN 7.2 OF ASTH ¥ETHOO Where: A0 4 50509168E-2
:_7..% L O 7 1 ERATTEN DATH BY THE L THOD' OF LEAST SOUARLS. M SAOTMOTE
DEFLECTIONS = (R) ¢ (B)LORD) « (C)(LDAD SOURRED)
The following values as defined in A§TM E74-13 were from the data,
URLLES OF CONSTANTS ARE, Lower Limit Factor, LLF 0.459 LBF
Class A Loading Range 183.78 TO 2000.00 LBF
a = 0.J%538235D+00 e i ot
g o= 0,5401M20+00 1742 Sixth Ave., York, PA 17403
¢ = D.88788050~0C Phone 717/843:008 1
Fax 717/846-4193 Page 2 0f2

onTe INCERTAINTY = Q.08 » 12,4 TIMES S} IN LBF

There are two certificates above. One was in 2003, and another one was in 2015.




S\ Ao Moretiouse
Proving Ring

201t 2003 % Diff
108.5¢ 108.7¢  0.193 %
217.72 217.85  0.060 %
327.5¢ 327.67 0.024 %
438.1¢F 438.1¢  0.009 %
549.4 549.4:  0.005 %
661.3¢ 661.37 0.005 %
773.97 774.05  0.008 %
887.2¢ 887.3¢  0.011 %

1001.2¢ 1001.47 0.018 %
1115.9¢ 1116.2¢ 0.024 %

12-Year Change From Previous.
Note: Morehouse does not recommeri2-year calibration intervals.
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Digital Proving Rings

A Digital Proving Rings have been designed to lower uncertainties by
reducing operator erroassociated with reading mechanical
contacts. The calibration cycle time Is also improved with digital
rings.
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Force Gauges

A Typicallyused for calibration of certain testing machines, weighing devices,
assembly presses, control instruments, cable tension, soil testingther
equipment measuring force, as a prime weighing device or permanent load
sensing component in testing or production equipment.

A Force Gauges can either be analog or digital and usually have an accuracy
anywhere from 0.1 % of full scale to 2 % of full scale.
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Adapters for hand -held force gauges

Morehouse L-Bracket kits are available for tension and compression
calibration of handheld force gauges. These kits simplify setup and reduce
errors with stacking weights.
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Brinell Calibrators

A Typicallyused for calibration oBrinellhardness testerand calibrated in
accordance with ASTM E74 as a limited load device.

A TheBrinellhardness test for steel involves impressing a ball, 10 mm diameter, of
hard steel or tungsten carbide, with a loading of 3000 kilograms into the steel

surface. The hardness of the steel is then determined by measurement of the
Indentation.
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Traction Dynamometers

A Typicallyused for adjusting the tension on guy wires, field testing chain,
rope, wire or anything requiring precision force or tension measurement.

A Calibration should be performed with shackles if possible. Typical

accuracy Is 0.5 % of full scale, which may be difficult to achieve on some
models.
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Tension Links

A Typicallyused forlift tests, towing tension, cable tension, crane
scale, hoist scalend tensile testing systems.

A Calibration should be performed with the same load pins the end
user is using with the devicBome links exhibit very high errors
when substituting machined pins versus forged pins to perform the
calibration
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Tension Links Pin Diameter

u Do you think the output will vary?




AW B Morehouse

Tension Links PROPER PIN DIAMETER

A Loaded without the proper Pin Diameter to 50,000 LBF

—
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Tension Links PROPER PIN DIAMETER

A Loaded with the proper Pin Diameter to 50,000 LBF
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Tension Links PROPER PIN DIAMETER

A Difference 01860 LBF or 1.72 % erratr 50,000 LBffom not using
the proper size load pins |

a——

A Out of Tolerance Versus In Tolerance

A Note:Most Tension links of this design seem to exhibit similar
problems.
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Tension Links PROPER PIN DIAMETER
Pin B (2.0030 to 2.0060) Pin A (2.0005 to 2.0045)
50,070 50,010
50,050 50,020
50,040 50,010
50,070 50,020
50,090 50,020
50,060 50,030
50,080 50,010
50,070 50,030
50,090 50,020
50,090 50,070
50,080 50,060
50,100 50,070
17.81640375 22.74696117
Out of 24 tests 13 did not meet spec + 50
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J%/mﬁmaw

Only if you engage all
my bearing area. It
really affects my
stress distribution.

s Neretrotese

You ready to
calibrate?
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Tension Link Calibration

Discussion on tension link
calibration and safety
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Morehouse Quick -Change Adapter System

TENSION
MEMBER
ASSENELY

ZO0MED IN

TENSION
___———MEMBER——____
=S ADAPTER —

TENSION MEMBER

TENSION MEMBER
ADAPTER
MOREHOUSE
LOAD CELL
TENSION MEMBER
ADAPTER
TENSION MEMBER
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Proper Adapters for Tension Links

4 Can be used with Morehouse Quick-Change

4 Precision machining lowers )
Tension Adapter system

calibration errors

4 Rust-resistant black
oxide coating

 Adaptable to numerous instruments
through various available shoulder pins

J Remarkable savings on
calibration adapters cost

(U.S. Patent No 11,078,052)
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Propelr Adapters for Tension Linlks “W/&=====

Dimensions inches (mm)

Dimensions inches (mm)

Di i inche ‘ G H J
; C
Model » | Model A B C D E Medsl A B D E 3.4(340) | 136(34) | 1.69(43)
o | EDX-1T 106(269) | 50(127) | 7.8(198) | 1.06(26) | 075(19) | EDx-1T 106(269) | 50(127) | 7.8(198) 106(26) | 075(19) 3aGs0) | 13664 | 169@3)
EDX-sT__| 1140 | EDX-2T 106(269) | 50(127) | 7.8(198) | 1.06(26) | 0.75(19) | EDx-2T 10.6 (269) 5.0 (127) 7.8 (198) 1.06 (26) 0.75 (19) 15-8 (402) | 217(56) | 228(58)
EDX-10T 115( 8.8 (478) 3.67 (93) 3.25(83)
ex-251 | 137( | EDX-5T 11.4(289) | 53(135) | 8.1(206) | 1.38(35 | 1.00(25) | EDx-5T 11.4 (289) 5.3(135) 8.1 (206) 1.38 (35) 1.00 (25) eaei | s7ias 50 (a7
et [Epx-101 | 115001 | 53(133) | 79001 | 197(50 | 138(35) | EDx-10T 115091 | 53(133) | 79001 | 19750 | 13865 is@0 | esms | 73089
:g:::::: ;jgi EDX-25T 13.7(348) | 6.0(152) | 9.0(229) | 2.75(70) | 1.97(50) | EDx-20T 13.7 (348) 6.0 (152) 9.0 (229) 2.75 (70) 20(51) 43(870) | 89(225) | 7.3(184)
exaser | ol | EDX-50T | 158(400) | 68(172) | 103(262) | 3.88(99) | 275(70) | EDx-50T 158(400) | 68(172) | 103(262) | 388(99) | 275(70) 220020 | 112089 | 78(00
*Dimensions shavin usir 5.6 (1 159) 123 (31 3) 9.0 (229)
“ | EDX-75T 16.5(419) | 7.8(197) | 10.3(262) | 3.88(99) 2.75(70) | EDx-75T 16.5 (419) 7.8 (197) 10.3 (262) 3.88 (99) 2.75 (70)

2.8 (1595) 17.9 (454) 13.0 (330)
EDX-100T | 180(457) | 7.8(197) | 11.0(280) | 500(127) | 3.25(83) | EDx-100T | 18.0(457) | 7.8(197) 11.0(280) | 5.00(127) 325(83)

EDX-150F | 21.0(533) | 88Q222) | 126(821) | 525(133) [ 3.75095] |epx-150T | 21.0(533) | 88(222) | 126621 | 525033 | 37509
EDX-250T 27.0(686) | 9.8(248) 17.5(445) | 85(216) | 5.00(127) EDx-250T 27.0 (686) 9.8 (248) 17.5 (445) 8.5 (216) 5.00 (127) ‘

o i e y : :
© Sy opevarsty oy Edx-20T 2.0 inch pin
6 | | » EDX25T 1.97 inch pin
G | =
" | e Larger |n§tru ment takes
| ' smaller pin!
| \\_E (SHACKLE PIN DIAMETER) )/E ' _E (SHACKLE PIN DIAMETER)
Y

D
(SHACKLE OPENING) (DSHACKLE OPENING) c €

Link to Morehouse Clevis kits



http://www.mhforce.com/Product/ProductDetails/26?title=CLEVISES
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Tension Links
Good Measurement Practice

u The following summary is from Dillon.

A Using correctly sized pins is critical.

A If links aredamaged, highly used, or wartiecrease the time between
recalibrations.

A Thesame size and styld shackle angbin used during operation should
be used for calibration

A Other factors have a larger effect on accuracy than pin rotation.

A Maintaining pin orientation may be best practice but is not required to
stay In tolerance.
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Crane Scale

A Typicallyused forlift tests, towing tension, cable tension, crane scale,
hoist scaleand tensile testing systems.

A These devices tend to be very forgiving in fixture selection for

calibration. Accuracies are typicall§.1 % applied forcel count (MSI
specifically) or, for some manufacturers, 1 % of full scale.
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Batteries

Confidence in your test and measurement results starts with your calibration provider.

To produce more confidence in our measurements, Morehouse has adopted a new policy to
calibrate instruments with a new set of fully charged batteries. These batteries are shipped

back with your mstrumentsl\/lost Instruments will operate fine with a lesser charge; the word
ayzaiaé Aa oKI ozyosmfa dza® ¢KS az2NBK2dzaS Y
Independent force calibration resource In the world. In keeping with our mission, Morehouse

provides a new set of batteries to ensure we can provide meaningful measurement results
with the lowest uncertainties possible.

Thank you for thinking of us for your calibration work.
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Batteries
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Force "As Received" Error "As Returned" Error [Difference Betwee
Applied |With Customer Supplied Batteries Ibf With New Batteries Ibf Used Versus Ne!
- 0 0 0 0
25,000 24900 -100 25000 0 100
50,000 49900 -100 50100 100 200
75,000 74800 -200 75100 100 300
100,000 99700 -300 100200 200 500
125,000 124700 -300 125200 200 500
150,000 149600 -400 150200 200 600
175,000 174600 -400 175200 200 600
200,000 199600 -400 200200 200 600
225,000 224500 -500 225200 200 700
250,000 249500 -500 250200 200 700
- 0 0 0 0

=AY

Difference of 700 Ibf @ Capacity 0.28 % on a Device with an

Accuracy Specification of 0.1 % of Full Scale = 250 Ibf.
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Load Cells

Load cell
| Load | xzmm)p | Electrical \ XX | oad transducer

R1
2 R R2
' o
R4 R3
il

A load cell is a force sensor that receives a voltage (excitation) from a regulated power source (usually a digital
indicator or signal conditioner) and sends back a low voltage signal (signal) when force is applied.

o

R4
element

(Aduminum alloy)
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How Load Cells Work

¢cKS f2FIR OSff aArdaylft Aa O2Yy TSN
A Y RA QVhénzhBi@ s no load on the cell, the two signal lines are at
equal voltageAs a load is applied to the ceII the voltage on one signal
line increases very slightly, and the voltage on the other signal line
decreases very slightlyhe difference in voltage between the two
signals Is read by the indicator.




Selecting Strain Gages
Typical Parameters:

A Strain-Sensitive Alloy

A Gage backing material

A Grid resistance

A Gage pattern

A Gage dimensions

A Self-temperature compensation number

A Gage Options
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Safe overload (120~150%)The maximum load in percent of rated capacity which can be applied without

producing a permanent shift in performance characteristics behond those specified

Ultimate overload (200~3009%) The maximum load in percent of rated capacity which can be applied without

producing a structural failure

Examplg sensor rated capacit®OkNsafe overloadl50% ultimate overload200%

-¢—— Rated capacity =g Safe overload — g Ultimate overload == Damaged

(0...20kN) (20...30kN) (30...40kN ) ( 40kN)
Fulfil technical parameter of Sensor can be used Sensor should not Sensor gets visible
data sheet shortly, but technical be used, maybe damage and must
parameter of data internal damage of be replaced
sheet are not fulfilled strain gage, sensor

must be replaced
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Load Cell Terms
Creep

u The change in Load Cell Signal
occurring with time while under loi v,
and with all environmental =
conditions remaining constant. g
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Load Cell Terms

Nonlinearity

u The algebraic difference between OUTPUT
a specific load and the corresponding poinie

on the straight line drawn between 50
MINIMUM LOAD and MAXIMUM LOAD.
u Normally expressed in units of %FS.* —o—saghiLine

IS common for characterization to be ™
measured at 4660 %FS 0
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Load Cell Terms

Hysteresis 60
u The algebraic difference between OUTPUT at

Descending

a given load descending from MAXIMUM  « e
LOAD and OUTPUT at the same load 0
ascending from MINIMUM LOAD.

u Normally expressed in units of %FS. It
IS common for characterization to be -
measured at 4660% FS.

20

0 10 20 30 40 50 60




AN B Merehouse

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

4 Steps for Choosing the Right Load Cell
System

Step 1. Choose the right load cell for your needs
Step 2. Choose the right indicator

Step 3. Choose the right adapters

Step 4. Choose the right calibration provider
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Shipping and Recelving

Recommended The Good The Ugly

If the instrument is damaged during shipment, problems such as: lost calibration history, unrepairable scenarios,
extra costs to repair, and claims may not be paid.
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Types of Load Cells

A Column Load Ce(lSingleColumn or Higtstress Load
Cells)

A Multi-Column Load Cell

A SBeam or Sype

A Button or Pancake

A Shear Web
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Column Load Cell

|/

A The spring element Is intended for axial loading and
typically has a minimum of four strain gauges, two In
the longitudinal direction and two oriented
transversally to sense the Poisson strain.
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Column Load Caell

¥
<

3%
LY

|

Advantages
A Physical size and weighlt is not uncommon to have
a 1,000,000 LBF column cell weigh less than 100 Ibs.
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Column Load Cell <
. .J oo
Disadvantages ik @

~ | S

A Reputation for inherent notlinearity. This deviation from
linear behavior is commonly ascribed to the change in the

crossa SOUA2YIf I NBI 2F GKS O2
ratio), which occurs with deformation under load.

A Sensitivity to offcenter loading can be high, and the

hardness of the loading pad can change output by as much
as 0.5 %
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COl umn LOad Ce” The Data — Comparing Two Single Column

Load Cells By Different Manufacturers

Disadvantages

Load Cell Type ]No(~Morehouse Load Cell Type INot-Morehouse

A Larger creeharacteristics
than other cells and often d o e
not return to zero as well as |

typically yields larger LLF)

other cells. (ASTM Method N =
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Multi - Column Load Cell

e -

A In this type of design, the load Is carried by four or more
small columns, each with its own complement of strain
gauges. The corresponding gauges from all the columns
are connected In a series Iin the appropriate bridge arms.
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Multi - Column Load Caell

Advantages

A Multi-Column load cells can lmore compacthan
high-stress column cells

A lmproved discriminatiormgainst the effects of offixis
load components.
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Multi - Column Load Cell
Advantages Continued

A These cells typically haless cree@mnd have R e
better zero returns than singleolumn cells. e o | RiL
A In many cases, a properly designed shear =

337213.416 151025

web spring element can offer greater output, [Zeaie

539541 465 241160

better linearity, lower hysteresis, and faster wmeis on
response.

0 -0.00001

Zera Return @ 3 Seqonds
0.0003%
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Multi - Column Load Cell

A Error associated with installing a nflat base on a mukcolumn cell. This is
an actual test result we observed on a Revere radtumn cell.

Non-Flat Base Flat Base
Maximum Error Maximum Error
Force Applied In Rotation In Rotation
LBF LBF
30000 12 4
150000 136 24
300000 342 68
% error % error

30000 0.040 % 0.013 %

150000 0.091 % 0.016 %

300000 0.114 % 0.023 %

i e es—— = _—
1no r - 'y 1< | L
A i AR - LLLLA S LLS &
(WIS . = el - Uarl oy
& : ¥ 1 P - 3 - oy X
Y Y " 3 - (i %
Y47 O el
i S it ot —_ B ot
el i R ke
Al . . O B
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Bottom Plates

AA fl at bottom plate may be ne
performance. It is often not recommended the

practice to load against the machine surface as it

could be uneven, or the base of the load cell could

deform the machine surface.

APi c tleftriseadvlorehouse60K rod end-style
load cell with spherical threaded adapter, top
compression pad, and load cell base plate.
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Morehouse Compression Adapters

u Pictured above is a Morehouse Concrete set with top and bottom bases.

Link to Concrete 600K set with adaiters



http://www.mhforce.com/Product/ProductDetails/61?title=CONCRETE-COMPRESSION-MACHINE-CALIBRATION-KIT

Meretroeese
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What Bottom Adapters Help Protect Against
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S-beam Load Cell

o’ =2

E.
.

A This type of design Is often used in weighing
applications. There are four gauges placed inside the
beam.
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S-beam Load Cell

Advantages h

A In general, linearity will be enhanced by minimizing
the ratio of deflection (at rated load) to the length of
the sensing beam, thus minimizing the change in
the shape of the element.

A ldeal for measuring small forcésnder 50 LBF) when
physical weights cannot be used.
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S-beam Load Cell
Disadvantages ‘

A These cells are very sensitive to-affis loading
ideally suited for scales or tension applications.

A Compression output will be different if the cell is
loaded through the threads versus flat against each
base.




Does anything look different when
comparing these two pictures?




Misalignment Demonstrating 0.752 % error

83

Output in mV/V Output in mV/V
Aligned in machine Slightly misaligned in machine

-1.96732 mV/V -1.98211 mV/V




