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EN1013 Writing an Uncertainty Budget for Calibration Methods
Purpose:

To create a process for calculating measurement uncertainty.
Responsibilities:


The Vice-President of Engineering , Technical Director and Engineering Coordinator are responsible to write and maintain this procedure.


The Quality Assurance Manager, Calibration Technical Manager and Technical Director are responsible to carry out this procedure. 


The Quality Department , Calibration Department and the Engineering Department have the responsibility to implement and/or carry out this procedure.

Associated Documents:

ISO-9001


PCB Piezotronics, Inc. Quality Assurance Manual


PCB Piezotronics, Inc. Quality System Manual


ISO17025

EN1002


EA-4/02


This procedure closely follows the approach of EA-4/02 Expression of the Uncertainty of Measurement Calibration.  For the particular calculations that follow, assumptions governing the calculations are stated.  When the assumptions do not apply, refer to EA-4/02 for more general guidance on the calculation method.

Procedure:
Define the Acceptance Test

The uncertainty calculation may be written narrowly, pertaining to only a single acceptance test procedure (e.g. “Uncertainty Using PCB’s 50 inch Deadweight Torque Beam”) or may be written to cover a large number of acceptance tests (e.g. “Uncertainty in The Measurement of Electronic Gain”).  Typically acceptance tests are in-house procedures, and may be based on recognized national/international test standards (ISO, ISA, etc.), industry standards, procedures from the manufacturer of the calibration equipment.  The uncertainty calculation can be a stand-alone document, or it can be included as part of the acceptance test procedure.

Note (from A2LA FAQ 1/17/2003): There may be cases where an in-house calibration is performed according to a well-recognized calibration method, which itself specifies limits to major sources of uncertainty for that calibration process and provides a statement or specification of the capability (uncertainty) of equipment calibrated using that method.  In such cases, no additional analysis of uncertainty is required.  

Write Model Function 

Write a model function providing a functional relationship between input estimates, xi, and the output estimate (measurement) y:
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Identify Sources of Uncertainty 

The applicable test method is reviewed, sources of uncertainty are identified, and a “Sources of Uncertainty” table is created (see Table 1).  Sources of uncertainty may include, but are not limited to:

Mechanical


Test apparatus including fixtures


Orientation of device


Mounting


Sensor frequency response.

Electrical


Signal conditioning gain uncertainty


Signal conditioning frequency response


Resolution of readout device or data acquisition


Equipment warm-up


Equipment stabilization


Type and length of signal cable


Type of electrical connector


Meter settings (range, speed, resolution, etc.)

Acquisition Equipment


DAQ Resolution


DAQ Card settings (range, coupling, etc.)


Number of samples


Sample rate


Aliasing (related to sample rate)


Windowing (related to non-infinite record length)


Warm-up time


Proper use of DAQ self-cal features

Miscellaneous


Environmental conditions


Operator Technique


Repeatability


Stability of working standards


Uncertainty of working standards


Random variations from other sources (determined statistically from repeated measurements). 

Table 1: Uncertainty components.

	Source of uncertainty
	Probability

Distribution
	Sens.

coef.
	Comments

	
	Type
	pi
	ci
	

	--
	Rectangular
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	--
	--

	--
	Normal
	1
	--
	--

	--
	--
	--
	--
	--


Table is explained as follows:

Probability distribution  Identifies the uncertainty component’s probability coefficient pi.  Most commonly the distribution type will be:

Normal Distribution (Gaussian), 
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Rectangular Distribution, 
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.  A rectangular distribution is characterized by bounded error limits (e.g. the measurand is bounded by (a)

Sensitivity coefficient  Describes the sensitivity of the measurement to the input uncertainty.  This value is obtained from the model function.  Most commonly the sensitivity coefficient will be:

a) Linear dependency; 
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b) Quadratic dependency; 
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Comments  Usually a reference to supporting documentation.  Can be manufacturer’s specification, recognized standard, published paper, supporting calculations, or random data collected over time.

Create An Uncertainty Budget Table

Based on identified sources of uncertainty, an uncertainty budget table is created (see Table 2) and expanded uncertainty calculated.

The uncertainty budget table is explained as follows:

Component uncertainty., xi:  For a component uncertainty with a normal distribution, the component uncertainty xi should be expressed as one standard deviation of the error.  For a rectangular distribution, xi is the bounding limit (e.g. if error bound is (a then xi = a).

Relative standard uncertainty, ui  Relative standard uncertainty is calculated from:
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where ci and pi are the sensitivity and probability coefficients discussed previously.

Combined standard uncertainty, uc  Combined standard uncertainty is found by taking the root sum square of the standard uncertainties:
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where it is assumed that the relative uncertainties are not correlated.

Expanded Uncertainty U  The expanded uncertainty, U, is found by multiplying the combined standard uncertainty by the coverage factor, k:
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Typically, a coverage factor of k = 2 is used and corresponds to a coverage probability of 95%.  A coverage factor of k = 2 is justified by the following.  For typical measurements at PCB a normal distribution can be attributed to the measurement and the standard uncertainty associated with the output estimate has sufficient reliability.  If these conditions do not apply, refer to EA/4-02.

Table 2
Uncertainty Budget.

	Source of Uncertainty
	Component Uncertainty

xi
	Probability Coefficient,
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	Relative Standard

Uncertainty

ui

	--
	--
	--
	--

	--
	--
	--
	--

	--
	--
	--
	--

	
	
	Combined standard

uncert (%)

uc
	--

	
	
	Expanded

Uncertainty (%)

U   (k=2)
	--
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