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Overview

Provides guidance In

e calculating total channel uncertainty
e estimating uncertainties

e COmmon practices

e sources & interpretation of data
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Typical Instrument Channel Layout
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UNCERTAINTY ALLOWANCES

@ Process Measurement Effects

@ Instrument Uncertainty
@ Calibration Uncertainty

@ Other Uncertainties (IR, Leadwire Effects, etc.)

e Process
e Process Interface

e Process Measurement
e Signal Interface

e Signal Conditioning

e Actuation
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UNCERTAINTY ALLOWANCES

@ Process Measurement Effects

@ Instrument Uncertainty
@ Calibration Uncertainty

@ Other Uncertainties (IR, Leadwire Effects, etc.)
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Setpoint Calculation Flow Chart
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Setpoint Calculation Flow Chart
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Uncertainty Equation
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A, B, C

Land M

CU

Random and independent uncertainty terms. The terms are
zero-centered, approximately normally distributed, and are
indicated by a sign of =*.

Arbitrarily distributed uncertainties (biases that do not have a
specific known direction). The term is used to represent limits
of error associated with uncertainties that are not normally
distributed and do not have a known direction. The magnitude
of this term is assumed to contribute to the total uncertainty in a
worst-case direction and is indicated by a + sign.

Biases (terms that are not random) with known direction. The
terms can impart an uncertainty in a specific direction and,
therefore, have a specific + or - contribution to the total

uncertainty.

Resultant uncertainty.
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Uncertainty Equation ( FEAZ O )
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Maximum Positive Uncertainty

CU = +,/A? + B? + C?

2/5/2008 2007 Signatech Systems, Inc., Copyrighted Material

2.JF|

1



Maximum Positive Uncertainty
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JA? + B2 + C?
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Maximum Negative Uncertainty

~CU = -{A? + B2+ C? - Y |F|- I M
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Maximum Negative Uncertainty
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2.IF|

Total Channel Uncertainty

CU = +,/PME? + PEA? + Module 1> + ... + Module n? = S'|F| + YL - >'M

2/5/2008

PME
PEA

Module
1,...,n

2.IF|

Random uncertainties that exist in a channel’s basic process
measurement.

Random uncertainties that exist in a channel’s primary element,
if present, such as the accuracy of a flow orifice.

Total random uncertainty of each module in the loop from
Module 1 through Module n.

The total of all arbitrarily distributed uncertainties. The
magnitude is taken of each individual term because a specific
bias direction is not certain.

The total of all positive biases associated with a channel. This
includes any uncertainties from PME, PEA, or the modules that
could not be combined as a random term.

The total of all negative biases associated with a channel. This

includes any uncertainties from PME, PEA, or the modules that
could not be combined as a random term.
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2

Total Channel Uncertainty

FYRILNEEOTEDSE

CU = +,/PME? + PEA? + Module 1> + ... + Module n? = S'|F| + YL - >'M
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Sensor Uncertainty (Module 1)

S = +,/SA? + SD? + STE? + SH? + SNR? + SPS? + SPE? + SOP? + SST? + SMTE?

+ Y |SF|+ > SL - > SM
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As-Found As Left Uncertainty
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SA

SD

STE

SH

SNR

SPS

SPE

SOP

SST

SMTE

SF, SL,
SM

Uncertainty of sensor.
Sensor reference accuracy specified by the manufacturer.

Drift of the sensor over a specific period. This has historically
been the drift specified by the manufacturer.

Temperature effect for the sensor; the effect of ambient
temperature variations on the sensor accuracy.

Humidity effect for the sensor; the effect of changes in ambient
humidity on sensor accuracy, if any.

Radiation effect for the sensor; the effect of radiation exposure on
sensor accuracy.

Power supply variation effects; the uncertainty due to instrument
power supply variations.

Static pressure effects for the sensor; the effect of changes in
process static pressure on sensor accuracy.

Overpressure effect; the effect of over ranging the pressure sensor
of a transmitter.

Calibration setting tolerances for the sensor; the uncertainty
associated with calibration tolerances.

Maintenance and test equipment effect for the sensor; the

uncertainties in the equipment utilized for calibration of the
Sensor.
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As-Found As Left Uncertainty
(As Found As leftD FEH &)
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Setpoint relationships per ISA 67.04
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Setpoint relationships per ISA 67.04
(ISA 67.04lCfE¢> =ty MEDEER)
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Trip Setpoint

TS = AL £ (CU + Margin)

TS - Trip setpoint.

AL - Analytical limit.

CU - Channel uncertainty, or trip setpoint uncertainty.

Margin - An amount chosen, if desired by the user, for conservatism.

Note that when the trip setpoint is very close to the system’s
normal operating point, the margin might be very small or zero.
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Trip Setpoint
(MUY 7Tty ME)

TS = AL £ (CU + Margin)
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Instrument Drift and Uncertainty

S = +4/SA? + SD? + STE2 + SPE? + SOP? + SST? + SMTE?

SA - +0.5%, manufacturer’s stated sensor reference accuracy

SD - £1.5%, manufacturer’s stated sensor drift over period of interest
STE - +0.5%, manufacturer’s stated temperature effect

SPE - $0.5%, manufacturer’s stated sensor static pressure effect

SOP - $0.0%, manufacturer’s allowance for overpressure effects

SST - +0.5%, sensor setting tolerance

SMTE - +0.25%, measurement and test equipment uncertainty

2/5/2008 2007 Signatech Systems, Inc., Copyrighted Material



Instrument Drift and Uncertainty
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Instrument Drift

S = +,/0.5% + 1.5% + 0.5? + 0.52 + 0.0> + 0.5? + 0.25? = 1.82%
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Instrument Drift

RO KUT K

S = +,/0.5% + 1.5% + 0.5? + 0.52 + 0.0> + 0.5? + 0.25? = 1.82%
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AFAL Analysis

Suppose that a plant-specific AFAL analysis for these transmitters showed that they are
expected to drift by no more than +1.35% with a worst-case bias of +0.07%. In this case,
it might be possible to substitute the plant-specific value of transmitter drift, +1.35%, for
the terms SA, SD, and SMTE in the above expression because the value of drift obtained
by as-found minus as-left calibration data analysis includes the effects of these three
terms. The expression for uncertainty appears as follows in this case:

S =+,/D? + STE? + SPE2 + SOP? + SST?

S = +.1.35% + 0.5? + 0.5% + 0.0> + 0.5 = 1.60%
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AFAL Analysis
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S =+,/D? + STE? + SPE2 + SOP? + SST?

S = +.1.35% + 0.5? + 0.5% + 0.0> + 0.5 = 1.60%
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Conclusions

e The setpoint could be changed. This might be desired if
the margin between the setpoint and the normal system
operating point was very small.

e The setpoint could remain the same with the lower
sensor uncertainty resulting in additional margin between
the setpoint and the safety limit.

e Basis for not changing setpoints for longer refueling
cycles, i.e., from 12 months to 18 months
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Conclusions
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