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This webinar will be recorded
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on our website & YouTube channel
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All attendees are muted

Please utilize the question tool bar
to submit questions

» To be answered at the end of
presentation



Welcome
Henry Zumbrun, Morehouse Instrument Company

» President of Morehouse since 2013 and worked at
Morehouse for more than 20 years. Henry has a
passion for measurement accuracy and reducing
risk associated with measurements that impact
safety in our day to day lives.

» Phone: 717-843-0081
» Email: hzumbrun@mhforce.com
» www.mhforce.com
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What Mlorehouse does

was registerad with the BIPM as the national
standard

We are a manufacturing company that R o //;
produces force calibration equipment and =« ax.

adapters, that are used in industry, to
measure force.

We have state-of-the-art force and torque
calibration laboratories and offer
calibrations at a very high level of
accuracy.
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Our Purpose

We create a safer world by
helping companies improve their
force and torque measurements.
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Outcomes

The participant will be able to

» Know the right questions to start asking

» Know what constitutes good force measurement equipment

» Know the interactions of some adapters used for force calibration

» Know more about decision risk
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Agenda

» ASTM E74 Common Standard Violations to Look For and Correct
> Asking the Right Questions
» The Importance of Adapters

» The Right Equipment

> The Right Calibration Provider for Your Equipment
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Additional Material

» Technical Paper on Adapters

» Technical Paper on Uncertainty Propagation

» Technical Paper on ASTM E74 and ISO 376

» Technical Paper on Common Measurement Errors in Weighing

» PDF version of this presentation

» Website link @ https://mhforce.com/documentation-
tools/? sft support-item-tag=technical-paper



https://mhforce.com/documentation-tools/?_sft_support-item-tag=technical-paper
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Documents Referencing ASTIM E174

>

v

v

AASHTO T22 - Standard Method of Test for Compressive Strength of Cylindrical
Concrete Specimens

AASHTO T68 - Standard Method of Test for Tension Testing of Metallic Materials
ASTM E4 - Standard Practices for Force Verification of Testing Machines

ASTM C39 -Standard Test Method for Compressive Strength of Cylindrical
Concrete Specimens

ASTM E10 - Standard Test Method for Brinell Hardness of Metallic Materials
ASTM E18 — Standard Test Method for Rockwell Hardness of Metallic Materials

Note: This document requires calibration by Primary Standards in accordance with
ASTM E74. Itis important as only calibration laboratories with deadweights
calibrated in accordance with the ASTM E74 requirements can calibrate these
force measuring instruments and assign the Class AA verified range of forces as
required by section A2.6.2.1.




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

ften result in the lowest possible verified range

forces
Secondary Standards are required to

alibrate Working Standards. They cannot
librate other Secondary Standards
Workmg Standards are used to




»  Primary Force Standard — 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
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Require correction for the effects of
Local Gravity

- Air Buoyancy

Must be adjusted to within 0.005 % or better (NIST weights
are adjusted to within U = 0.0005 %, Morehouse U= 0.002
%)

Per ASTM E74-18 section 6.1 “weights shall be made of
rolled, forged or cast metal. Adjustment cavities should be
closed by threaded plugs or suitable seals.
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- Secondary Force Standard — an instrument or mechanism, the calibration of
which has been established by comparison with primary force standards.

- In order to perform calibrations in accordance with ASTM E74 your force
standard must be calibrated with primary standards
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ASTM E174 Calibration Procedure

» At least 30 force applications are required (we typically recommend 3
runs of 11 or 33 force applications)

» There should be at least one calibration force for each 10 % interval
throughout the loading range and if the instrument is to be used below

10% of its capacity a low force should be applied.

Note: This low force must be greater than the resolution of the device
multiplied by 400 for Class A or 2000 for Class AA devices
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ASTM E z 4 Calibratio n Pro cedure This Calibration Dtataﬂi‘s Certified Traceable

o the
United States National Institute of Standards & Technology

» Allow UUT to come to room temperature

MOREHOUSE Load Cell, SERIAL NO. U-SMAPLE
10000.00 LBF Compression Calibrated to 10000.00 LBF

» Warm up Instrumentation NREIOUSE T SR N S
> Se I e Ct 10' 1 1 Te St p O i nts Ascending Com;ression DATA
» Fixture UUT in Test Frame B’ et e ogontom o

Run 2 Run 3 Run 1 Run 2 Run 3 Curve

LBF mviv mviv mviv mviv mviv mviv mviv

1 : 200 -0.08103 -008101  -008101  -0.00001 000001 000001 -0.08102

> Exe rC | Se U UT —4 tl N |es 1000 -0.40511 -040508  -040509  -0.00002 000001  0.00000 -0.40509
2000 -0.81030 081026  -081029  -0.00002 000002  -0.00001 -0.81028

st . 3000 121560 12155  -121559  -0.00001 000003  0.00000 -1.21559

> A p p Iy 1 Se r I e S Of fo rce S ( R u n 1 ) 4000 -1.62103 162097  -162096  -0.00004 000002  0.00003 -1.62099
5000 -2.02650 202650 202648  -0.00002  -000002  0.00000 -2.02648

. . 6000 -243210 243202 -243205  -0.00004 000004  0.00001 -2.43206

7000  -283766 2.83768  -2.83770 000004 000002  0.00000 -2.83770

» Rotate the UUT 120 degrees, if possible, for run 2 2 oE = e il e

9000 -3.64917 -3.64913 -3.64913 -0.00003 0.00001 0.00001 -3.64914

» Apply 2" series of forces (Run2) 2 o
» IF UUT IS COMPRESSION AND TENSION SWITCH TO OTHER

MODE AFTER FINISHING RUN 2 AND EXERCISE AND REPEAT
THE ABOVE STEPS E

nd deflection values obtained in th

h.: Howi

ion, described in ASTM E74-13 has been fitted to the force
e cali i i hod of least sq

» Rotate the UUT another 120 degrees, if possible, m”“:” T e e

forrun3 = e
» Apply 3rd series of forces (Run3) e s a

Class A Loading Range 200.00 TO 10000.00 LBF

Morehouse Instrument Co., Inc.
1742 Sixth Ave., York, PA 17403
Phone 717/843-0081
Fax 717/846-4193 Page 2 of3
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ASTM EZ74 Calibration Procedure

Criteria for Determining the LLF (Lower Limit Factor)

d*+d,*+...+d ?
Sm n—m-—1

» LLF=2.4*STD DEV (As defined above)

» Based on LLF or Resolution whichever is higher

NOTE: Any force-measuring instrument that is either modified or repaired
should be recalibrated

Recalibration is required for a permanent zero shift exceeding 1.0 % of full scale
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ASTM E74 Common Standard Violations to Look For

and Correct
Calibration Interval Per ASTM E74-18 section 11.2.1

» “Force-measuring instruments shall demonstrate changes in the calibration values
over the range of use during the recalibration interval of less than 0.032 % of
reading for force-measuring 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 verified range of forces”

» 11.2.2 “Force-measuring instruments not meeting the stability criteria of 11.2.1 shall
be recalibrated at intervals that shall ensure the stability criteria are not exceeded
during the recalibration interval”
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ASTM E74 Common Standard Violations to Look For

and Correct prore o ———
» Itis recommended that the lower force limit be notless\Load e
than 2 % (1/50) of the capacity of the instrument. po o/ R ..
1000 -0.40511 -0.40508 -0.405089
» Per Section 7.2.1 “If the lower force limit of the verified W00 21660 A2 12168
range of forces of the force-measuring instrument (see S EoEy  age 30
8.6.1) is anticipated to be less than one tenth of the i o s v
maximum force applied during calibration, then forces e B o u o
should be applied at or below this lower force limit. In 10000 -405493  -4.05491  -4.05489

no case should the smallest force applied be below the
lower force limit of the force-measuring instrument as
defined by the values: 400 x resolution for Class A
verified range of forces 2000 x resolution for Class AA
verified range of forces ”
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Example of not following the standard

What’s Wrong Here?
Per Section 8.6 of ASTM E74-18

PERFORMANCE
Il . .
TEST LOAD Recorded Readings (Lb) The verified range of forces shall
APPLIED (Ibf) Run 1 Run 2 Run 3 Fitted Error 1 Error 2 Error 3 tinclud tside th
0 0.0 0.0 0.0 0.05 0.?5 0.05 0.05 hot inciu eforces outsiae €
500 499.9 499.8 500.3 500.06 0.16 0.26 -0.24 i i
m gl g g mw b SE A3 s opplieciduring the
. . . . . . . H H ”

3000 29991  2999.0  2999.2 2999.08  -0.02 008  -0.12 calibration.

4000 3998.7 3098.6 39990 3998.84 0.14 0.24 0.16

5000 4998.8 4998.8 4999.0 4998.89 0.09 0.09 0.11

6000 5999.2 5999.3 599905 5999.26 0.06 -0.04 0.24

7000 6999.7 6999.9 7000.2 6999.86 0.186 -0.04 0.34

8000 8000.4 8000.4 8000.7 8000.51 0.1 0.11 0.19

9000 9000.7 9000.8 9001.0 9000.95 0.25 0.15 0.05

10000 100005 100008 10001.3 1000081 0.31 0.01 0.49

0.20026 Ibf
0.00200 %
0.48 Ibf
192.3 Ibf

Standard Deviation
POLYNOMIZ Standan:l neylatlﬂn .F'. Epan

Coefficie:

Coefficie: LM L.T“t FE:‘.‘:tﬂF

ceee  Class A Lower Limit

*Reading = Au T A1'LUEU T AL LUAU Z T AD LUAUO T A4 LUGU Y

**Load = IAQ + |A1*Reading + [A2*Reading2 + |IA3*Reading”3 + |A4*Reading4

i




AW

ASTM E174 Calibration (Do Not)

Do Not assign a Class A or Class AA verified range of forces below the first non-zero
force point. Note: We have observed numerous labs violating this rule!

» Per Section 8.6.2 of ASTM E74-18 “The verified range of forces shall not include
forces outside the range of forces applied during the calibration. If the lower force
limit is less than the lowest non-zero calibration force applied, then the lower force
limit of the verified range of forces is equal to the lowest calibration force applied.”

» Per Section 7.2.1 of ASTM E74-18 states “If the lower force limit of the verified range
of forces of the force-measuring instrument (see 8.6.1) is anticipated to be less than
one tenth of the maximum force applied during calibration, then forces should be
applied at or below this lower force limit. In no case should the smallest force
applied be below the lower force limit of the force-measuring instrument as defined
by the values: 400 x resolution for Class A verified range of forces 2000 x resolution
for Class AA verified range of forces ”
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Calibration In Accordance with ASTIM E74

Secondary Force Standard — an instrument or mechanism, the calibration
of which has been established by comparison with primary force
standards.

LLF = 2.4 * STD DEV — This corresponds to a 98.2 % Confidence Level
Based on LLF or Resolution whichever is higher

Class A 400 times the LLF or resolution

Class AA 2000 times the LLF or resolution

Calibration Standards Utillzed

- Cert. # - Manufacturet Model# Descnptmn L e T gl 'I)Aafé_ " Due Date

2508330017 lnterfacc Inc . 1620ATH- 25K Gold Standard.Load Cell ._-_08/15/2013

2911710180 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter  01/07/2015 07/07/2015 5000 -8.157 8.159 8.160 -8.159580

Lower Limit of Loading
Class AA = 8761.37 lbf

Class A = 2500 Ibf

2022 Morehouse Instrument Company We create a safer world by helping companies improve their force and torque measurements.

ITHE FORCE IN CALIBRATION SINCE 1925]

OZIMW

CLASS AA?
THIS IS NOT
CORRECT.
CALIBRATION
LAB IS USING
A LOAD CELL
TO ASSIGN A
CLASS AA
RANGE

www.mhforce.com 23
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What’s wrong here?

This is to certify that the equipment described below has been calibrated against load cell standard, traceable to NIST
dead weight standards. All readings are within a tolerance of +/-0.1% of applied load, or + 5 lbs of capacity whichever is greater

Load cell calibration standards with serial Ne [T 77 was calibrated 13AUG2018. Next calibration due 13AUG2019
Accuracy of load cells used in the calibration presses are maintained to better than +/-0.025% accuracy. These accuracies
are determined by direct comparison to a basic standard certified by Morehouse Instrument Company, Inc. using dead weight
machine traceable to NIST per ANSI/NCSL Z540-1 Certified in accordance with Sec. 7 of ASTM, Spec. E74-02 entitled
*Standard Practice of Calibration of Force Measurement Instruments.” Thell | calibration system conforms to Z540.1.

What’s interesting is Morehouse does not perform calibrations for this company

 ASTM’s current version is ASTM-18
« This company is using a company that has a CMC uncertainty of 0.037 % for the range used

© 2022 Morehouse Instrument Company We create a safer world by helping companies improve their force and torque measurements. www.mhforce.com 24



ASTIM E74 is not ISO 376
» The ISO 7500-1 Calibration and

wires) N loretrorese

COMPRESSION CALIBRATION DATA ANALYSIS

THE FORCE IN CALIBRATION SINCE 1925

FORCE APPLIED REPEATABILITY W/ (| REPEATABILITY W/O EIT ERROR RESOLUTION MACHINE
ROTATION ROTATION UNCERTAINTY
1bf b(%) CLASS | b'(%)  CLASS f. CLASS div CLASS % CLASS
. f . M f H . . I . 20.4 0.106 1 0 00 0.152 2 940 2 0.003 00
veritication of static uniaxial testing O R T TS 0 T T
100 0.043 00 0.043 0.5 0.039 0.5 4599 00 0.002 00
. . 200 0.043 00 0 00 0.015 00 9200 00 0.002 00
machines requires standards to be L AT R AT
q 400 0.022 00 0.005 00 0.007 00 18404 00 0.002 00
500 0.022 00 0.004 00 0.001 00 23008 00 0.002 00
I ° ° . h 600 0.022 00 0.004 00 0.001 00 27611 00 0.002 00
calibrated in accordance with ISO T oo o0 Joms oo oo o0 Tamie o Too o3
800 0.008 00 0 00 0.007 00 36822 00 0.002 00
900 0.012 00 0.002 00 0.005 00 41426 00 0.002 00
3 7 6 O n e Ca n n Ot u Se AST M E 74 1000 0.011 00 0.004 00 0.001 00 46028 00 0.002 00
° 1020 0.002 00 0.004 00 0.006 00 46947 00 0.002 00
libration t f ISO 7500
calibration to perform an
o . TEST RUN f, CLASS
calibration e
° RUN 2 0 00
RUN 3 0.006 00
RUN 4 0.006 00
° CREEP TEST RESULTS
ISO 376 has Seve r‘a | re u I rements Force Held at Max Force for 90 Seconds div ERROR CLASS
> q Output 30 Seconds after removing load: 4
Output 300 Seconds after removing Ioai; :) 12 0.0174% 00

that are not requirements of ASTM
E74

Combined Expanded Uncertainty Equation for Compression Calibration
The following linear equation has been fitted to the combined uncertainty and applied force values observed at calibration using the method of least
squares:
Expanded Uncertainty (Ibf)= Co+CyxF
where: F= Force (Ibf)
Coefficient Co= 0.060657438
Coefficient C;= 9.84874E-05
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ASTM E74 is not ISO 376

Table 2 — Characteristics of force-proving instruments

7

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’ fe 1o Vv c
00 0,05 0,025 +0,025 +0,012 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
© 2022 Morehouse Instrument Company We create a safer world by helping companies improve their force and torque measurements. www.mhforce.com 26
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Force Uncertainty for ASTM E174 Calibrations

Type A Uncertainty Contributors

1) ASTM lower limit factor (LLF) reduced to 1 Standard Deviation (ASTM LLF i1s
reported with k£ = 2.4)

2) Repeatability of the Best Existing Device

3) Repeatability and Reproducibility

Type B Uncertainty Contributors

1) Resolution of the Best Existing Device

2) Reference Standard Resolution®™ If Applicable Do not use SEB, Nonlinearity, or
3) Reference Standard Uncertainty

4) Reference Standard Stability . .
5) Environmental Factors appropriate contributors when

6) Other Error Sources following the ASTM E74 standard.

Hysteresis as they are not
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Measurement Uncertainty

https://mhforce.com/wp-
B T — | content/uploads/2021/04/CMC-

Tachnic ” - s / / = CALCULATIONS-FOR-FORCE-
Date 8/10/2017 Standards Used Ref S/N DEMOH1017 UUT S/N Test
- Appli "200 Expand ‘Unce::;r;t(sys Expanded Uncertaoi:)tzyz?“% Slope Intercept ‘EI:'I::: Fsc;ll'::v Estimated Expanded ME ASU RE ME NTS . XlSX
: https://mhforce.com/documentation-
- tools/? sft support-item-tag=guidance-
n document

Note: Force value should be entered between the segmented ranges above to calculate MU per point

Note: This is a summary sheet for all test points

Uncertainty per Point Uncertainty Per Point Fit
0.120 Coefficients
' |y ) 4E?2§)(_+10'0374 a5=| 2.04996E-18
0.100 ad= 0
a3= 0
= 0.080 a2= 0
'|Eu al= 0
§ s / a0=| 0.04467848
=
2
0,040 U=asFS+asF*+a3F3 +ay,F2+a, F +a,
0.020
0.000 : : . ; ;
0 500 1000 1500 2000 2500
Force



https://mhforce.com/wp-content/uploads/2021/04/CMC-CALCULATIONS-FOR-FORCE-MEASUREMENTS.xlsx
https://mhforce.com/documentation-tools/?_sft_support-item-tag=guidance-document

AN

Asking the Right Questions

Are you discussing customer requirements such as:
What type of calibration is needed? Below are some force specific examples
To What Capacity?
What Mode or Modes Compression/Tension?
To What Standard or Customer Request? — ASTM E74, ISO 376, Commercial 10 pt calibration, 5 pt calibration?
What are the reporting expectations? SEB, Nonlinearity, Hysteresis
Tolerance Requirements and Decision Rule? (A top 10 A2LA deficiency)
Does the calibration require Ascending/Descending points?

Do you have a calibration due date or frequency you want to be put on the certificate? - If in accordance
with a standard, we can assign a due date, otherwise the customer is responsible for the due date.

How is the instrument currently being used?
Any additional requests?
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Asking the Right Questions %

Does the calibration require Ascending/Descending points?

ASTM E74-18 section 7.4.1 “Force-measuring instruments are usually used under increasing forces, but if
a force-measuring instrument is to be used under decreasing force, it shall be calibrated under decreasing
forces as well as under increasing force.”

60
50
40
30
20

10

0
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Asking the Right Questions s

Does the calibration require Ascending/Descending points?

60
50
40
30
20
10

0
0 10 20 30 40 50 60

The difference in output on an ascending curved versus a descending curve can
be quite different. A very good 100K load cell had an output of -2.03040 on the
ascending curve and -2.03126 on the descending curve. Using the ascending only
curve would result in an additional error of 0.042 %.
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Asking the Right Questions s

How is the instrument currently being used?

This can vary and have a lot of different scenarios. The most common are as follows:

What adapters are used with it?

How is it loaded? Common questions are

Is the force device loaded through the top shoulder or thread loaded? If thread loaded, how much
engagement?

Is the force device loaded through the bottom threads?

Do you have a top block that can be sent with the Force Measuring Device?
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Asking the Right Questions

Do you have a top block that can be sent with the Force Measuring Device?

Different hardness of top adapters on column load
cells can produce errors as high as 0.3 %.

6/23/2017 6/23/2017
4340 Top Block Hardened Top Block [Difference
0 120 0 120

-48968 -48960 -49120  -49109 | -0.307%
-244290  -244308 | -244990 -244971 | -0.279%
-487279  -487320 | -488596 -488570 | -0.263%
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Asking the Right Questions

Loading Block

2% Difference in Strain at the Gage
between Hard and Soft Loading Block

Strain Gage

Materials with different hardness experience different amounts of lateral deflection under the
same amount of load. Therefore, the varying hardness causes different amounts of stress
between the block and the load cell. The above analysis shows steel to steel. It gets much worse
if we use a softer material
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Asking the Right Questions

Is the force device loaded through the top shoulder or thread loaded? If thread loaded, how much
engagement?

Morehouse tested the same load cell with two different types of adaptors and recorded the readings with
10,000 LBF applied.

; ‘,4 — T

!'». m

,,1

Output was 10,001.5 LB with 1.5” of engagement vs 9942.3 LBF with 0.5” engagement.

There was a difference of 59.2 LBF on a 10,000 LBF cell.
The error on this measurement was over 0.5 % on a device expected to be better than 0.025 % (20 times

expected).
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Proper Adapters Shear Web cells

integral adapter

or pick a top adapter and always use
and have the force measuring device
calibrated with that top adapter. In

. this example, a spherical load button
would be an excellent top adapter for

this load cell.
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Asking the Right Questions

Is the force device loaded through the bottom threads?

LOAD CELL
FORCE OUTPUT
APPLIED LOADED AGAINST

LBF BOTTOM BASE
1000 999.0
2000 1998.0
5000 4996.0
7000 6995.0

10000 9994.5

12000 11994.0
15000 14993.5
17000 16993.5
20000 19994.0
22000 21994.0

25000 24994.0

LOAD CELL

OUTPUT

LOADED AGAINST

BOTTOM

THREADS

999.0
1998.0
4996.5
6995.5
9995.0

11995.0
14995.0
16995.0
19996.0
21996.5
24997.0

MHF@RCE

§

THE FORCE IN CALIBRATION SINCE 1925
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The Importance of Adapters

Main Loading Axis ——————| :

Meoiefrotes?
U\(MIP:eClswaﬂ

L
ety 10 KIBF jsiv U-771C
i

Keeping the line of force pure (free from eccentric forces) is key to the calibration of load cells. ASTM E74 does not address
the various adapter types, but ISO 376 does.
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Proper Adapters — Tension Links

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

Out of Tolerance Versus In Tolerance

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

i TENSION
MEMBER
I ASSENELY

ZOOMED IN

TENSION
__——MEMBER ~——___

— ADAPTER -—

TENSION MEMBER

TENSION MEMBER
ADAPTER

MOREHOUSE
LOAD CELL
TENSION MEMBER
ADAPTER
TENSION MEMBER




‘ @ THE FORCE IN CALIBRATION SINCE 1925

Proper Adapters for Tension Links
(U.S. Patent No 11,078,052)

4 Can be used with Morehouse Quick-Change

&J Precision machining lowers _
Tension Adapter system

calibration errors

4 Rust-resistant black S
oxide coating ‘

« Adaptable to numerous instruments
through various available shoulder pins

(4 Remarkable savings on
calibration adapters cost

© 2022 Morehouse Instrument Company We create a safer world by helping companies improve their force and torque measurements. www.mhforce.com 41
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Proper Adapters for Tension Links

e Dimensions inches (mm)

Dimensions inche Model A B C D E Model A B C D E B H 3
Model A
EDX1T st | EDX-1T 10.6 (269) 5.0(127) 7.8 (198) 1.06 (26) 0.75(19) | EDx-1T 10.6 (269) 5.0(127) 7.8 (198) 1.06 (26) 0.75(19)  3.4(340) 1.36 (34) 1.69 (43)
oo e | EDX-2T 106(269) | 50(127) | 7.8(198) | 1.06(26) | 075(19) | EDx-2T 106(269) | 5.0(127) 7.8(198) 1.06 (26) 0.75(19) 340640 | 13669 | 169143
8(402 2.17 (56 2.28(58
ewr |05 |EDX-5T | 114(289) | 53(135) | 81(206) | 138(35) | 100(25) | EDx-5T 1140289) | 530135 | 8108 | 13835 | 10005 .ooit—re EQS; i
EDX-50T 15.3: EDX-10T 11.5(291) 5.3(133) 7.9 (201) 1.97 (50) 1.38(35) | EDx-10T 11.5(291) 5.3(133) 7.9 (201) 1.97 (50) 1.38 (35) ‘5_2 (640) 57 (146) 50(127)
EDX-75T 165
EDX_1007 | 180 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) 2.0(51) 4.3 (870) 9.3 (235) 7.3(184)
EDX-150T | 21.0( = .3 (870) 8.9 (225) 7.3 (184)
et i EDX-50T 15.8 (400) 6.8(172) 10.3 (262) 3.88 (99) 2.75(70) EDx-50T 15.8 (400) 6.8 (172) 10.3 (262) 3.88(99) 2.75 (70) L45 e ) e
“Dimensionsshovmusing | 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) 56(1159) | 123313) | 9.0(229)
EDX-100T_| 180(457) | 7.8(197) | 110(280) | 5000127) | 325(3) ['ep 1001 | 180(457) | 78(197) | 110(280) | 500(127) | 325(83) 280599 | wowse | 106w
:34501 210(533) | 88(222) | 126(21) | 525133) | 3.7508) I, yuor | 210(s33) | 88(222) | 126(@21) | 5250133) | 375005
-250 27.0 (686 9.8 (248 17.5 (445 8.5(216 5.00 (127
(686) ) - (495) (216) et EDx-250T 27.0 (686) 9.8 (248) 17.5 (445) 8.5(216) 5.00(127) ‘
A Body width not depicted in this drawing y
Body width varies with use of spacers ¥ . .
ooy Edx-20T 2.0-inch pin
G A EDX-25T 1.97-inch pin
F 6 Larger instrument takes
DILLON _ F .
dad smaller pin!
\
~N
\ N—E (SHACKLE PIN DIAMETER)
Y 1 N—E (SHACKLE PIN DIAMETER)
D Y
BRI R ENRE) (DSHACKLE OPENING) c €
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Button Load Cell

Calibration

Standard Setup versus Morehouse Adapters in Morehouse Deadweight /l z 6 i

=

e |
Button Load Cell Adapters that TR

Odegree 2008
better aligned the load cell — e o
improved the measurement result Average 2008.66667 Average 2008

Standard Deviation 2

by 525 % Max Deviation Max Deviation 4

% Error 0.199%
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Proper Adapters

We have a technical paper here on adapters Henry Zumbrun
Morehouse Instrument Company, Inc
https://mhforce.com/wp- "Without the

Right Adapters a

content/uploads/2021/04/Recommended-Compression- [isiateais

Nothing Short of

and-Tension-Adapters-for-Force-Calibration.pdf that won X Called |
a Miracle Worker”
a best paper award at NCSLI.

Next up we are going to discuss the right equipment

2022 Morehouse Instrument Company We create a safer world by helping companies improve their force and torque measurements. www.mhforce.com 44
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The Right Equipment

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

1. Plumb
2. Level
3. Square
4. Rigid

5.  Free of Torsion

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

The right equipment for force is going to be

Plumb-exactly vertical or true

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

The right equipment for force is going to be

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

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




)\ A Mershouse

The Right Equipment

The right equipment for force is going to be

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

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

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

Pictured Right - Morehouse USC-60K With Reference Load and
Morehouse 4215 Indicator — the top and bottom plates are reinforced
to keep the machine from bending

/
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The Right Equipment

Torsion — the action of twisting or the state of being twisted. Free of torsion means
free of being twisted when forces are applied

Pictured Right - Morehouse PCM-2K With Reference Load Cell. This machine have
special bearings to keep things from twisting. Before putting in the bearings, the
measurement errors were higher than 0.1 %, when we added the bearings, the errors
became less than 0.02 %, which is better than most transfer standard type machines.
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The Right Equipment

Replicates Field Use

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

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

TOP STUD - "THREAD"

D.U.T. (TEST INSTRUMENT) —

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

Replicates Field Use

Large piston )

Drsplacement
transducer

Small
paston / cyhinder
assembly

i
Earth support m EETEEDTY

Scalepan

—

Earth suppornt m

] —
— —
.=: .

~ o o . »~ pi di_l.ji_
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The Right Equipment

Replicates Field Use

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

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

» They Should use the Customer’s Top Blocks and make
Separate Compression Setups

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

» For Tension Calibration if the End-User is Calibrating per
ISO 7500, They Should Use Adapters Recommended Per the

ISO Annex, which would be different than what is shown
here
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The Right Calibration Provider

Has Uncertainties Low Enough to Meet Your Needs

Measurement Risk Graph

0.09

008

y |

" Anythi_ngtot-he I_eftof | iAnythir-lgtotl'_le ri_ghtof
ISO/IEC 17025: 2017 Section 3.7 zzz _— et i \: ke g
defines a decision rule as a rule o 1 :
that describes how measurement | E L\
uncertainty is accounted for when o L |
stating conformity with a specified 001 /| eslas ool
requirement § ' %:87 %] |15.87 ,

9975 9980 9985 9990 9995 10000 10005 10010 10015 10020 10025

——MV — —-LSL — Nominal Value ——— USL e |jncert. Dist
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Choose the Right Calibration Provider

(TUR Primary Standards Vs Secondary Standards)

Span of the * Tolerance

TUR =

TUR — Span of the + UUT Tolerance - 2 (M)z (Resuluﬁonm)“ . (Repeatahi“tym)z + e 2
2 X ks, (Calibration Process Uncertainty) 8% | [\kcmc iz 1 Other

* 10,000 Lbf device
accurate to 0.05 % of full
scale with a 0.01 lbf
Resolution and 0.1 lbf

| Repeatability

~ 10,000 Lbf device
accurate to 0.05 % of full
scale with a 0.01 |bf
Resolution and 0.05 lbf
Repeatability

Competitor CMC = 0.05 %
. of applied

d . One Sided Tolerance 5 |bf One Sided Tolerance 5 bf
Expanded U = 0.22 Ibf # Expanded U = 5.0 Ibf
TUR = 22:1 TUR = 1:1

Morehouse CMC = 0.002 %
of applied
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TUR Primary Standards vs Secondary Standards

Nominal Value 10000 Nominal Value 10000
Lower specification Limit| 9995 4 Lower specification Limit| 9995 &8
Upper Specification Limit| 10005 3 | | Upper Specification Limit| 10005 0.16 : I
Measured Value 10000 . = Measured Value 10000 o i
Measurement Error 0 o | I Measurement Error 0 i | / \ |
Std. Uncert. (k=1) 0.12 | | Std. Uncert. (k=1) 2.5 012 | / \ }
Total Risk 0.00% g . i Total Risk 4.55% o1 . / \ f
. | | 008 ! / \ |
| | 006 i |
TUR= | 20.8333 | : : | TUR= | s : / \ |
05 l J } 002 V \l\
| L | ” I I
09994 9996 9008 10000 10002 10004 0085 9990 9995 10000 10005 10010
| MV — —-LSL ——— Nominal Value ——— USL e |ncert. Dist | MV — —-LSL —— Nominal Value ~——— USL === |ncert. Dist

Notice the instrument read 10,000 lbf when 10,000 lbf was applied. What do you
think happens when we move the location of the measurement to 10,0047
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TUR Primary Standards vs Secondary Standards

Nominal Value

10000

Lower specification Limit

9995

Upper Specification Limit

10005

Measured Value

10004

Measurement Error

4

Std. Uncert. (k=1)

0.12

Total Risk 0.00%

TUR=

| 20.8333 |

35

25

15

05

e — — — — —— — .

9994

9996

9998

10000

10002

10004

SL  —— Nominal Value

— () ncert

10006

Nominal Value 10000

Lower specification Limit | 9995

Upper Specification Limit| 10005

Measured Value 10004
Measurement Error 4
Std. Uncert. (k=1) 20

Total Risk 34.47%

TUR= [ 1

When the measured value is changed to 10,004 |bf, most people would think the
device is still in tolerance. When Morehouse calibrates it, it is. When the lab with
a CMC Uncertainty of 0.05 % calibrates it, the risk goes from 4.55 % to 34.47 %.
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Large versus Small Expanded Unc

A) Small relative expanded uncertainty U =T/10 and w=U
‘ ] ‘
Acceptance interval AL TL
B) Large relative expanded uncertainty U=(T/2) and w=U
‘ w
Acceptance interval AL TL
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The Right Calibration Provider

» Has a measurement process uncertainty capable of meeting your needs and follows
published standards

Replicates how the instrument is being used

Uses the right adapters to ensure results are repeatable
Has competent technicians with training records
Follows published standards

Reports measurement uncertainty correctly

Is rated highly and is reliable for on-time delivery

vV v v v vV VvV Y

Asks the right questions to help their customers make better force measurements!
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The Right Calibration Provider

Morehouse has reference force standards with calibration and measurement capabilities of

better than 0.002 % to conduct many tests on adapters and provide solutions that improve
measurements for our customer base.

» The frightening part of this is that not everyone in the industry realize they have these errors.

» Can you imagine the company making critical measurements using a machine that is not
plumb, level, square, rigid, free of torsion, and does not replicate end-use conditions?

» How about weighing something like a ton of uranium with the wrong pin size using a tension
link?

These measurements matter and the errors can be significant!
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Conclusion

Please join us in educating the people who
underestimate the importance of following
the standards, asking the right questions,
using the proper machines, and adapters.

Using what was presented today, you can

help us create a safer world by helping oM 6 i
companies improve their force
We create a better safer world by helping

m e a S u re m e ntS o companies improve their force and

torque measurements




Force Calibration for Technicians
and Quality Managers: Top

o ity Mamgernron - Conditions, Methods, and Systems
et impaci Force Calimation ~ that Impact Force Calibration
Results Kindle Edition

Results
by Henry A Zumbrun 2 (Author) = Format: Kindle Edition

Kl .

Calibration might not be glamorous, but it matters!

£ \ LA CVREEEEY  in Engineering Measurement

See all formats and editions

Kindle
$3.99

Anyone that is here and wants a free .pdf copy can
have one. Just send us an email.
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Join us for our Next Webinar

Friday, April 29, 2022 - 1:00pm
EST

A Look at ISO/IEC 17025:2017 -
Requirements Concerning
Document Control and Control of
Records




Contact
Information

Perry Johnson Laboratory Accreditation, Inc.
755 West Big Beaver Road, Suite 1325
Troy, Ml 48084

Tel: (248)-519-2603

Website: www.pjlabs.com

Email: tszerszen@pjlabs.com

Morehouse Instrument Company

1742 6th Ave

York, PA 17403

Tel: (717) 843-0081
Website: www.mhforce.com

Email: hzumbrun@mhforce.com
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