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                         Uncertainty Budget Checksheet

	Laboratory Name
	
	Date
	

	Uncertainty Parameter
	
	Range
	


Instructions

1. Use this checksheet to establish and analyze your uncertainty budgets.
2. Uncertainty Budget (validated) software may assist you in developing your budgets, but are not required.

3. Assure that you cover the entire range of the calibrations or tests you perform.  

	Step #
	Step Description
	Check (√)
	Notes

	1
	Is the CMC on the Scope of Accreditation used as the Uncertainty of measurement of the Calibration Certificate or Test Report?  
	
	

	1a
	If YES then the CMC must be computed with the worst capability at the highest extent of the range.
	
	

	1b
	If YES then the environmental conditions should be at the taken into account at the fullest environmental swing in the laboratory. (As applicable)
	
	

	1c
	If YES and the lab performs work on-site those parameters on the scope must include the on-site conditions when computing the budget for the Scope.
	
	

	1d
	If YES then the least discriminating Unit Under Test (UUT) resolution must be considered in the budget.
	
	

	1e
	If NO then the CMC may be reported at the best capability of the lab with the best (normal) environmental conditions.  On-site work does not have to be considered and the UUT may be the best “normal” discriminating resolution.  
	
	

	1d
	If NO then the uncertainty reported on the certificate must be the (typical or actual) for the calibration/test performed and must not be better than the one reported on the scope as the CMC.
	
	

	2
	Range of the Uncertainty Budgets
	
	

	2a
	Does the range of the budget(s) cover the entire range for the Scope of Accreditation for each parameter?
	
	

	2b
	If the scope has a formula such as (10 + 2L) there should be a minimum of two budgets.  One should be at the low end of the range and the other should be at the high end.  The best method in developing this range of uncertainty would be to have a third budget in the middle of the range to assure a consistent representation of uncertainty throughout the range (unless the range uncertainty statement is computed with a 2nd order polynomial.)
	
	

	2c
	Ensure any budget formulas and ranges include a realistic lower limit. Pay close attention to percent or fractions of error with a budget range that starts at zero.
	
	

	3
	Sources of uncertainty in the budget
	
	

	3a
	Type A: Uncertainty is evaluated statistically.  They come from repetitive measurements, or historical calibration results, to derive one standard deviation.  Typically the standard deviation is computed as the least ideal point(s) in the range.  Considerations should be given to the actual Degrees of Freedom.  The repeatability contributor may be significantly affected by taking 30 readings versus taking 3 (the Students t distribution may be used if repeatability must be computed with a low number of repeated measurements)
	
	

	3b
	Type B: Uncertainty is everything else not based on repetitive measurements.  These types of uncertainty typically are from:
	
	

	3c
	UUT and/or Reference Standard resolution depending on what is providing a reading for the measurement
	
	

	3d
	Environment of the calibration/test including the specification of the instrument measuring the environment, it’s inherited calibration uncertainty, and the effect on the UUT and the measuring device.   You must also include the effect(s) of the environmental conditions on the UUT and the measuring device. Differences in thermal coefficients of expansion, thermal drift rates, index of refraction, and barometric pressure changes are examples of such errors.
	
	

	3e
	Deformation if contact is being made on something during the measurement.
	
	

	3f
	Reference standards / artifacts / calibration or test equipment specifications or accuracy…not forgetting if you are taking actuals from the calibration certificate for the reference standard then drift of that calibration should be taken into account.  (As per ISO/IEC 17025, it is not normally required to include the UUT’s accuracy or “long-term” behavior in the uncertainty budget).)
	
	

	3e
	Inherited uncertainty from the reference standard / artifact / calibration or test equipment valid calibration normally taken from the accredited calibration certificate.
	
	

	4
	Stated Uncertainty Limits for each Source
	
	

	4a
	Confirm the value stated is in the same SI unit throughout the budget or the contributor is appropriately changed with the correct sensitivity coefficient to match the contributor SI unit with others in the budget.
	
	

	4b
	Verify and account for any correlated contributors. 

(For example mass and length are correlated when sourcing torque to calibrate a torque cell.)
	
	

	4c
	If the laboratory wants to discount some of the sources because the stated limits are negligible related to the end result they may do so but must document proof of the contributor’s insignificance.
	
	

	4d
	Sample the “stated limits” back to their origin.  
	
	

	4e
	It is problematic if the budget is dated two or three years ago and they are having their reference standards/artifacts and equipment calibrated every year.  The inherited uncertainty for the artifact may have changed.  The laboratory should have evidence that they have reviewed their budgets since this has occurred.
	
	

	5
	The chosen distribution to divide the stated uncertainty to get one standard deviation
	
	

	5a
	Repeatability measurements are reported at  one standard deviation for computed uncertainty in the far right hand column.  Many laboratories make the mistake of further dividing their repeatability calculation by 2.  Remember, standard deviation is already at 1 sigma or 1 standard deviation.
	
	

	5b
	For type B uncertainty, the specifications of the calibration equipment (calibrator) must be considered. Typically with a rectangular distribution.  (Certain manufacturers report their specifications at a given confidence level, ensure you identify the true confidence level of the specification prior to inclusion in your budget.  If the actual measurements are compared against the UUT values the linearity/variation of the calibration results of the calibrator shall be considered from historical data and added to the budget.  Typically a standard deviation of the historical readings.
	
	

	5c
	For type B uncertainty, the resolution of the UUT and resolution of the Calibrator must be considered.  Resolution can be distributed in two different methods.   First is the rectangular distribution (√3) where the resolution is divided in half and becomes the actual values of the contributor.  Second, is the resolution distribution, where the actual resolution is utilized and the divisor is (2√3).  
	
	

	5d
	For type B uncertainty, the temperature can utilize a U-shaped distribution (√2). This is typically utilized in tight environmental controls such as Gauge Block calibrations, where the cyclic effects of the environmental control equipment is being monitored very accurately.  Otherwise the environment may be controlled with a specification and would represent a rectangular distribution.  
	
	

	5e
	For inherent uncertainty it can be argued it is a type A or type B taken from the calibration certificate based on statistics of the prior lab or not.  Either way the uncertainty issued by the calibration lab is assumed to be normally distributed and the value is divided by the k factor reported on the certificate.(Typically the k factor is 2).1   
	
	

	6
	Final review of the budget
	
	

	6a
	With each row computed (all the sources now as one standard deviation) look at each line item and see which one(s) are the highest contributors.  Again look at the “stated uncertainty limits” for those contributors.  Make sure they are appropriate and accurate.  
	
	

	6b
	Finally assure the final number is computed utilizing the root-sum-square method and multiplied by 2 to provide approximately 95% confidence level in the calculation.2
	
	

	6c
	Most importantly confirm the final number is appropriate taking into consideration other CMCs reported for similar methods of test or calibrations.  To find out Calibration and Measurement Capabilities of National Metrology Institutes follow this link: 
http://kcdb.bipm.org/appendixC/default.asp 
	
	

	7
	Real Time budget review while witnessing the calibration (additional requirements)
	
	

	7a
	Repeatability should be estimated (or can be determined not to exceed the stated repeatability on the CMC budget) for the actual measurement taking place real time on the UUT including degrees of freedom.  The Students t distribution comes in handy to compute the standard deviation if the number of repeated measurements is minimal.  
	
	

	7b
	The environmental conditions may be further defined to actuals but must represent the conditions during the entire calibration or test.  Not just the beginning or the end in the case of a extended calibration time or an artifact left on the bench during an extended period.
	
	

	7c
	The actual resolution of the UUT should be taken into account.  Not the ideal.
	
	

	7d
	The actual uncertainty on the calibration certificate or test report shall never be lower than the CMC on the scope.
	
	


Note 1  Some mfrs (Fluke & Agilent for example) report their specs at different confidence intervals. Fluke has begun reporting theirs at 95% and at 99%, however I have some older manuals that report at 99%. So in this case you should divide by 2.576.

Note 2  This is technically called “summation in quadrature”.
Note 3 This checksheet is not intended to take the place of required training and studies for laboratories to be able to fully understand the uncertainty of measurement for the calibrations and/or tests that they perform.  It is a tool (methodology) for assessors and laboratories in reviewing uncertainty budgets.  
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