
Welcome to our ninth 
Morehouse Instrument 
Company Newsletter.   
2017 is off to an 
interesting start. This 
issue features a full article 
on measurement risk. Not 
many people truly 
understand measurement 
risk. It is often the 
number one cause of 
massive product failures. 
We have a newly designed 
web page at 

www.mhforce.com. This 
page was designed “in 
house” and speaks to how 
we can better help our 
customers. It is truly your 
voice that drives us to be 

A Message from the President   
 better and do what we 

do. I’m quite thankful to 
come to work and have 
discussions with our 
customer base on the 
current problems and 
challenges you have. In 
listening to these 
challenges, we have two 
very exciting new product 
announcements. One is 
our new LAC amplifier 
which is featured below 
and the other one is our 
new 2,000 lbf benchtop 
calibration stand. The 
benchtop stand features 
an adjustable cross head, 
a very fine adjustment 
and can operate in both 

tension and 
compression. The entire 
machine will fit inside a 
pelican 1610 case for 
ultimate portability. This 
machine was designed 
for our customers to 
offer onsite calibrate of 
gauges, load cells, 
springs, and any other 
small force measuring 
devices. It features a 
self-aligning tension 
member to keep devices 
free of eccentric forces. 
We will be offering a 
special promotion and 
I’ll save the rest of the 
details for another day.   

- Henry Zumbrun  

NEW PRODUCT LAC AMPLIFIER 
We have searched for a 

suitable amplifier for load cells 

to use on both 4-20mA scale 

and a 0-10 V scale. In our 

search, we discovered most 

amplifiers were simply not 

very stable. The resolution 

was 4 decimal places at best 

and most were only stable to 

3 decimal places. If you are 

concerned with T.U.R. and 

meeting a tolerance, this lack 

of stability and/or resolution is 

a very dominant contributor 

to your overall uncertainty. 

Obviously, this impacts the 

calibration. During our tests, 

we would run a 10,000 lbf 

Morehouse shear web load 

cell in our 12,000 lbf 

deadweight frame and would 

read the amplifier to the last 

most stable digit. We would 

follow the ASTM E74 

procedure and record the 

lower limit factor. This LLF is 

really the expected 

performance of the device. 

Most of the amplifiers we 

tested would give us an 

overall accuracy of 0.02 % of 

full scale. This load cell 

amplifier for controllers (LAC) 

allowed us to read to 5 

decimals and the overall 

accuracy was better than 

0.005 % of full scale. At this 

point, we knew we had to 

test another one. We did and 

the test proved conclusive, 
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we had finally found a load 

cell amplifier that would not 

degrade the accuracy of the 

load cell.  We are very 

pleased to add the 

Morehouse LAC to our 

product line. This is an 

exceptionally stable amplifier 

with high versatility which 

can help make your industrial 

control or automations 

system more effective.  It 

offers bipolar voltage output 

±10V, and current output 0-

20 or 4-20mA. It can drive up 

to 8 Pc 350-ohm load cells 

and features a wide voltage 

range and isolated power 

supply. More information on 

our new LAC amplifier can be 

found here. 

 

 

 

http://www.mhforce.com/
http://www.mhforce.com/Product/ProductDetails/42
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The BP oil 
refinery 
explosion in 
Texas, the 
Hubble 
telescope with 
improper focus, 
the Space 
Shuttle 
explosion, a 
Stealth Bomber 
crash, Cox 
Health’s 
overdosing of 
152 cancer 
patients, and 
another BP oil 
rig disaster are 
all resulted from 
poor decision-
making and not 
knowing the 
true 
measurement 
risk. 

Imagine that a satellite is launched into space and 
communications are intermittent. This happens because the 
satellite is wobbling, which causes connection problems in the 
receiver. The cause of the wobbling is identified: it is the result 
of not using a calibration provider with a low enough uncertainty. 
The load cells used to measure the amount of fuel stored in the 
satellite must be almost perfect. However, if a calibration 
provider does not have the right measurement capability, the 
load cells will not be accurate enough to make the 
measurement. In this case, the result is a wobbling satellite and 
significant resources to fix the problem.  
 

 
 
Understanding Measurement Risk  
 

AS9100C defines risk as “[a]n undesirable situation or 
circumstance that has both a likelihood of occurring and a 
potentially negative consequence.” It further states that “The 
focus of measurement quality assurance is to quantify and/or 
manage the ‘likelihood’ of incorrect measurement-based 
decisions. When doing so, there must be a balance between the 
level of effort involved in, and the risks resulting from, making an 
incorrect decision. In balancing the effort versus the risks, the 
decision (direct risk) and the consequences (indirect risk) of the 
measurement must be considered." 
  

ANSI/NCSLI Z540.3-2006 defines Measurement decision risk as 
probability that an incorrect decision will result from a 
measurement.  
 

 

 

 

   

What is measurement risk? 
.   

Measurement Risk 

 

“Measurement 
decision risk as 
probability that 
an incorrect 
decision will 
result from a 
measurement.”  
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What does this really mean? 
 

 
 

 

All measurements have a percentage likelihood of calling something 
good when it is bad, and something bad when it is good. You might 
be familiar with the terms consumer’s risk and producer’s risk. 
Consumer’s risk refers to the possibility of a problem occurring in a 
consumer-oriented product; a product that doesn’t meet quality 
standards passes undetected through a manufacturer’s quality 
control system and enters the consumer market.  
  

An example of this would be the batteries in the Samsung Note 7 
phone. The batteries can potentially overheat, causing the phone to 
catch on fire. In this case, the faulty battery/charging system of the 
phone device was approved through the quality control process of 
the manufacturer, which was a ‘false accept decision.’ If you owned 
one of these phones, there was a risk of fire and potential damage 
and injury. 

 

Graph showing the measurement risk which is the Probability of False Accept(PFA)  
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Do you want to 

improve your 

precision and 

lower your bias?  

We would like to 

hear from you.  

Please email us 

@ 
sales@mhforce.com 

 
 

 

This article 

covers the basics. 

Our blog has 

much more 

information on 

measurement 

risk and 3 simple 

rules to lower 

your 

measurement 

risk 

Morehouse Blog 

can be found here 

 

 

 

https://1.bp.blogspot.com/-LiR8OAWgi1U/WH0dm1AA8-I/AAAAAAAAD3I/Xx24qZh_PS4SDm9E2Hg2SBMLgic7Cs2GwCLcB/s1600/samsung+note+7.jpg
https://1.bp.blogspot.com/-9yp1qNrKSyM/WIKEasKUvFI/AAAAAAAAD5M/KbRHslzajyMp5kGSmxdqLIrhSOArzOSLACLcB/s1600/measurement+risk+graph.jpg
mailto:sales@mhforce.com
http://www.mhforce.com/Newsletter/Newsletters?tab=Blog


 

  

In metrological terms, consumer’s risk is like the false accept risk, or 
Probability of False Accept (PFA). The biggest difference is that in 
the metrology field, the false accept risk is usually limited to a 
maximum of 2 percent. In cases where the estimation of this 
probability is not feasible, there is a requirement for a Test 
Uncertainty Ratio (T.U.R.) to be 4:1 or greater to ensure lowering the 
PFA to a low risk level.  
 

So, what does this mean for a metrology laboratory? It means that 
any lab making a statement of compliance, calling an instrument "in 
tolerance," must consider measurement uncertainty and properly 
calculate T.U.R. considering the location of the measurement. In 
simplistic terms, T.U.R. = Tolerance Required/Uncertainty of the 
Measurement (at a 95% confidence interval). If the Uncertainty of 
the Measurement is not less than the tolerance required, there will 
be a significant risk of false accept. In simplistic terms, a T.U.R. that 
produces less than +/- 2 % upper and lower risk would be required 
to ensure the measurement is valid.  
 

One would not use a ruler to calibrate a gauge block and how to 
lower your measurement risk 

  

Keys to lowering measurement risk include having your calibration 
provider replicate how the instrument is used in the field, having 
competent technicians, using the right equipment, and lowering 
overall uncertainties by the calibration provider. There is quite a bit 
of difference between force measurement labs with CMCs of 0.1 
percent, 0.05 percent, 0.02 percent, 0.01 percent, 0.005 percent and 
0.002 percent of applied force. Not using the laboratory with the right 
capability to meet your requirements is like using a ruler to calibrate 
a gauge block.  
 

 
Table 1 T.U.R. TABLE 
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calling an 

instrument "in 
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consider 
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   Table 1 above shows the Test Uncertainty Ratios (T.U.R.) that force calibration labs 
with different calibration capabilities can provide for various levels of required 
tolerances. The far-left column represents the calibration standard required for force 
measurements. Deadweight primary standards are often required to achieve CMC’s 
of better than 0.01 % of applied force. A high-end load cell calibrated by deadweights 
would be required to achieve CMC’s of better than 0.05 %. This table indicates the 
best T.U.R. that the labs can provide for the same load cell at similar conditions. Per 
this table, only calibration labs with CMCs around 0.02 % or better can calibrate 
devices with a tolerance of 0.1 %.  They may still need to adjust the device to read 
closer to the nominal value. We will discuss guard banding later. 
 

The table was derived from T.U.R. and uncertainty formulas found in JCGM 
100:2008 and ANSI/NCSLI Z540.3-2006.  The formulas used to determine T.U.R. 
and Uncertainty are as follows: 
 

 
 

TUR = Test Uncertainty Ratio 

USL = Upper Specification Limit  
LSL = Lower Specification Limit 

u = standard uncertainty  
 

Note: We are using 4 assuming k=2, the proper formula would be 2 times the actual k value is for a 
95 % confidence interval. 

 

The calculation of TUR for tolerances:  
 

((Upper Specification Limit - Lower Specification Limit))/(4 * Standard Uncertainty)  
  
Combined Uncertainty (u) – The square root of the sum of the squares of all the input 
quantity uncertainty components. 

 
 

CMC = Calibration and Measurement Capability. This should be found on the 
calibration report.  
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  Res = This is the resolution of the Unit Under Test (UUT) The divisor for resolution will 
either be 3.464 or 1.732 (depending on how the UUT least significant digit resolves).  
  
Rep = Repeatability of the Unit Under Test (UUT). Repeatability of UUT must be used 
if repeatability studies were not previously accounted for in the CMC. If accounted for 
in the CMC, this would not be required. 
  
Expanded Uncertainty - Typically 2 times the standard uncertainty. However, the 
appropriate k value should be used to ensure a coverage probability of 95 %, based on 
the effective degrees of freedom using the Welch Satterthwaite formula. 
 

Is your calibration provider reporting Pass/Fail criteria properly? 
  

If the calibration provider is accredited, it needs to follow the requirements per ISO/IEC 
17025. ISO/IEC 17025:2005 Clause 5.10.4.2 states that "When statements of 
compliance are made, the uncertainty of measurement shall be taken into account."  
  

This translates to minimizing the Probability of False Accept (PFA) by applying a guard 
banding method. ANSI/NCSLI Z540.3 -2006 Handbook discusses guard banding in 
section 3.3. Section 3.3 paragraph 2 states "As used in the National Standard, a guard 
band is used to change the criteria for making a measurement decision, such as pass 
or fail, from some tolerance or specification limits to achieve a defined objective, such 
as a 2 % probability of false accept. The offset may either be added to or subtracted 
from the decision value to achieve this objective."  
 

Examples of calculating measurement risk with guard banding 
 

Assume we are testing a load cell at 10,000 lbf force. The accuracy specification is 0.1 
% of reading (or +/- 10 lbf at this force), and the measured value was 9990. Is the 
device in tolerance? After all, the calibration laboratory applied 10,000 lbf and the unit 
under test (UUT) read 9990. The bias is - 10 lbf and the device meets its accuracy 
specification (Accept decision without taking the uncertainty of measurement into 
account). The report is issued and the end user is happy. However, the problem is that 
the end user should not be happy. If the calibration and measurement capability (CMC) 
of the calibration laboratory using a specific reference standard was not considered, 
the end user will not know whether the device meets the accuracy specification 
required. Basically, this measurement was passed based on the assumption that the 
calibration providers reference was perfect and they applied exactly 10,000 lbf to the 
load cell. However, no measurements are perfect. That is why we estimate the 
uncertainty of measurement to quantify this “imperfection of the measurement.” This is 
a false assumption which neglected the uncertainty in the calibration provider’s 
measurement. Let us assume that the standard uncertainty was calculated at 6.5 lbf 
for k=1. 
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  In the graph below, the item being calibrated would normally be considered "in 
tolerance" by a large percentage of calibration laboratories since the accuracy 
specification is 0.1 % of reading or +/- 10 lbf and the measured value was within the 
accuracy specification at 9990 lbf. There is a 50.1 % chance of the calibration being 
accepted when it is not in tolerance.  
 

 

 
 

The next graph shows the risk when the measured value of the UUT reads 10,000 lbf. 
In this scenario, the bias or measurement error is 0. However, there is still a 12.39 % 
chance that the UUT is not "in tolerance." Simply put, there is too much risk. We need 
to lower the standard uncertainty to reduce the risk. Note that the TUR remains the 
same since it is a ratio not dependent on the location of the measurement. 
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After reading this paper, you may be standing at a crossroads and 
wondering if any of this extra work is necessary. To the left is the 
same rough path you’ve been travelling all along. This is the path 
that says, "If it's not broken, why fix it?" You might be thinking that 
measurement risk has not been an issue before, or you’ll just wait 
until an auditor questions you about it (or there is a train wreck). Yet, 
to the right is the road that fewer people realize will help solve their 
measurement problems today. This road is not more difficult; it's just 
different from the current way you may be doing things. Choosing to 
consider the impact of not doing things right—and making the 
decision to select the best calibration provider—will make all the 
difference. The rest is just putting formulas in place to report and 
know your measurement risk. 
 

written by Henry Zumbrun 
References:  
JCGM 100:2008 Evaluation of measurement data — Guide to the expression of 
uncertainty in measurement 
ILAC P14:01/2013 Policy for Uncertainty in Calibration 
ANSI/NCSLI Z540.3-2006 Requirements for the Calibration of Measuring and Test 
Equipment 
ISO/IEC 17025:2005: General requirements for the competence of testing and 
calibration laboratories 
AS9100C Quality Management Systems - Requirements for Aviation, Space, and 
Defense Organizations 
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“You may be 
standing at a 

crossroads and 
wondering if any 
of this extra work 
is necessary. To 

the left is the 
same rough path 

you’ve been 
travelling all 

along. This is the 
path that says, 

"If it's not 
broken, why fix 
it? You might be 

thinking that 
measurement 

risk has not been 
an issue before, 
or you’ll just wait 
until an auditor 
questions you 

about it (or there 
is a train wreck). 
Yet, to the right 
is the road that 
fewer people 

realize will help 
solve their 

measurement 
problems today." 
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Morehouse Instrument 

Company 

1742 Sixth Ave 

York, PA 17403 

Phone: 

(717) 843-0081 

E-Mail: 

info@mhforce.com 

We’re on the Web! 

Visit us at: 

www.mhforce.com 

 

NEW PRODUCT 

ANNOUNCEMENT 
MOREHOUSE 2,000 

LBF BENCHTOP 
CALIBRATOR   

 

In Stock by April 
2017 

 

 

 

 

Training  

May 8-12, 2017 Force Fundamentals, SPC and Advanced MU (booked, call to be put on 

wait list we only offer 12 seats, if there is more interest we may move to a larger venue) 

October 2-4, 2017 SPC & Force Fundamentals (Several Seats Available,) 

Free Webinars  

Do you want to know more about Measurement Risk and how to lessen your risk? 

We have an upcoming webinar covering measurement risk in a lot more detail.  

Information can be found by clicking the link below.  

http://www.mhforce.com/Training/TrainingCourses?tab=Webinar 

 

Upcoming Events    

If you’ve made it this 
far, I would like to 

extend a giant “thank 
you” for reading our 

ninth newsletter. 

This newsletter is 

changing its format to a 

single page email that will 

have links to blogs, 

papers and other 

measurement topics that 

may help you make 

better measurements. We 

may still send out a 

written .pdf version, but 

it will not be as frequent. 

I hope everyone enjoys 

our new format. 

Thank You and Future Newsletters 

Quarterly Newsletter Vol. 2 Issue 6  
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Do you have a topic you 
would like to see  covered, 

or would you like to 
submit a guest article for 

an upcoming 

newsletter?   

Please feel free to 
contact us with topic 

suggestions, article 

proposals or feedback. 
We 

are continually looking 
to improve the content of 

our newsletter! 

Please email any 
correspondence to 
hzumbrun@mhforce.com 

Web Page Links: 
  

Training Class  

http://www.mhforce.com/cust

omer-education 
 

New Products  

http://www.mhforce.com/Prod

uct/ProductGroupDetails/35 

 

Technical Papers 

http://www.mhforce.com/New

sletter/Newsletters?tab=Tech

nical%20Papers  

 

http://www.mhforce.com/
http://www.mhforce.com/Training/TrainingCourses?tab=Webinar
http://www.mhforce.com/customer-education
http://www.mhforce.com/customer-education
http://www.mhforce.com/Product/ProductGroupDetails/35
http://www.mhforce.com/Product/ProductGroupDetails/35
http://www.mhforce.com/Newsletter/Newsletters?tab=Technical%20Papers%20
http://www.mhforce.com/Newsletter/Newsletters?tab=Technical%20Papers%20
http://www.mhforce.com/Newsletter/Newsletters?tab=Technical%20Papers%20

