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Keys to achieving high
accuracy and reliability in
temperature measurement

The final result of your temperature measurement will depend on the interaction
of all the devices and connections between the sensor and control system
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emperatuare is the most widely mea-
wured variable in process indus-
tnies and i often a critical factor m
industrial processing. If you have
been following this article series,
you know that the very simple concept of mea-
suring & temperature ean be surprisingly difficult

s in a safety loop Where poor performance could
be costly, deadly, or both An example might be
& process that can go exothermic and possibly
explode if temperature is not measured and coti-
trolled accurately

These examples emphasize that cach mea-
ssirement system needs to be evaluated careful-
Iy and 1o satisfy the of

1o implement effectively. If a mea-
surement is ot accurate, repeatable, and reliable
for any reasan, it can have a detrimental effect
on such things as process effieiericy, energy con-
sumptica, prodisct quality, and possibly peocess
safety

Even o smull measurement error can be dis-
ruptive or very castly in some processes. Plar-
maceutical processing is an example where an
imccurate temperature measurement might ruin o
tateh of an active mgredient product worth hun-
dreds of thousands of dollars. Another example

the process

Finding where weak links hide in the
measurement chain

ots arc typically made using o
a TC (thermocouple) of an R
(resistance femperature detector), and u signal
conditioning cireuit (eitber a tatsetier or o
channel of an mpot card to & DCS ar PLC
amplify the sensor’s low level (ohm of mV) sig-
nal to a more robust 4-20 mA current signal o
a digital signal such as when using a ficldbus,

A Vs,
Fepectatie Fepeatable
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Figure 1: Accurscy of & lemperalure measure-
ment system Is the degree of closeness of the
messurement of a tlemperalure (0 thel tempers-
ture’s actual (true) vave. Repeatabiity, ( the
degres to which rapeated messuraments under
unchanged canditions show the same results An
Ideal measurement is both sccurate and repest-
able. Al ilustrations courtesy. Emerson Process
Management
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These components, when combined with a field
head and 11, are referred to
25 3 lemperatire MEASUTETIEN! sy s or ssem.
bly. Articles in this series have considered these
individually, but pow it’s important W consider
the larger integration
Systems are available to meet a variety of
measurcment accurscy and stability require-
ments. Some applications just Jook al trends.
and absolute accurcy is pot very important. It
is enough to know if the lemperature is deviat-
ing from an ideal value, even though that specific
value might not be known precisely
On the other hand, others may have huge
financial impact due (o leperature messure-
ment errors. Examples include off-spec prodic-
tion thal may require rEprocessing, i nuIsInce
peocess shut down requiring an expensive pro-
cess festart, reduced production sates, and fre-
quent recalibration costs.
As an insight, the acouracy potential of a

high-accuracy system i orders of magnitude
more sccurate than a Joosely designed system.
Over- or under-design of yous system could be a
very expensive oversight. A system that is more
accurate than necessary simply adds complexity
and cost

system requirements

To the new or inexperienced enginees it may
seem like 3 dounting task (o select the proper
temperature measurement system for an applica-
tion. To dessgn o reliable temperature measure-
ment system, 8 series of questions needs 10 be
answerod 1o understand the application tiorough-
Ty. As a result of this, the best choice of system
commponcats cin be made including the themow-
cll, sensor, and sgnal conditioning device. Per-
formance requirements of the measurement must
also be determined Operating conditions dur-
ing start-up, steady-state, and potential abnormal
conditions must all be considered.

As with any task, » logical and methodical
approach usually begins with understandimg the
performance and physical requirements of the
measurement applicstion

@ Review process PEIDs

® Compare diagrams 1o the actual mstallation

® Evaluste possitle mounting losations

® Consult with process, mechanical, and

environmental engincers during the
component selection, snd

& Plan scope and schedule with project

managers.

This kind of method will usually Jead to
the best peth 10 follow for & well-cngineercd
solution

Identify measurement
factors

Tempersture measurement system petfor-
mance is influenced by a number of factors in
reporting process Cmperature measurements.
The most significant of these are defined and
explained below

Accuracy of a temperature measurement sys-
tem is the degree of closencss of the measure-
ment of a lemperature 10 that temperatire’s
actual (true) value

Repeatability of 3 meastrement system, als
calked precision, is the dogroe to which repent-
ed messurements under unchanged conditions
show the same results. As an example, an instru-
ment could present the same value for temper-
ature every time (under the same measurement
conditions), bot the value is offset [rom the cor-
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Figure 2: One way o quantity the SIack-up of Tors 15 10 458 & total pob-
able enor (TPE) cakulation. This analyzes the probable error of the transmit-
o7 and Sensov system, based on anficipated iNstallation conanions.

Loss of measurement risk

5%

Oual-olemen sensor

Two single senaory

Figure 3. With a cusl sensor system, the transmutter can be programmed to
Swiich the transmilfer inpt automatically from the primary Sensor 1o the sec-
andary sensor shouid the primary sensor fal. This feature allows the assem-

Diy fo maintain measurement continuity.

roct value Ths is repoatable but not sccurate. An
iddeal moasurement is both accurate and repeat-
able (Figure 1)

Stability refers 1o the transmitter's ability to
avoid drift in osder 10 mamtam scesacy over
time. 11 15 related 1o the sensor’s measurement
signal, which can be influenced by bumidity and
prolonged exposure o elevated temperatures
Stability is maintained by using reference ¢
ments in the transmitter, agsinst which the wensor
input is compared. The leading transmstter manu-
facturers. 10 impeove securacy and stabality, fully
characlerize every transmitter over its entire tem-
peratize range 10 compensate for the tempera-
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Figure £ When two sensors are operating in parailel and connecled to the same
transmitier, the fransmilter can be programmed to compare the two sensor readings
and oty the control system if the readings begin (o diverge due to degradation

af one of the sensars thal fs causing its measurement signal to dat away from the

actus) vaive.

ture-dependency of the digital
converter (DVA) and the analog-to
converter (AD),

Stabality of & trnsmitier is oflen stat-
ed in tems of pereent of the reading
the expected maximum chanigs in mea-
sured temperature e degrees C or ¥ over
 specified amount of time or ench sei
sor type. Duta is typically given in vear
intervals such as one, two, or
Typical examples from i
mitter are:

& RTDs: + 025% of reading, oc &
025 °C (0.45 °F) for five years, which-
ever is preater
® TCs: 4 05% of reading, or £ 0.5
(0.9 “F) for five years, whichever ix

The stability specifications heee refer
1o the transmitter perfarmance and do ot
inchude the sensor itself. A well-nade RIT
is genenally considered to be highly sta-
ble and will ot degrmde significantly over
time. Toweser, even a wellmade TC will
ade measurubly over time and much
more quickly at high temperatures.

The eritical lesson from all this dis-
cusson is that vour dessgn must rec-
ognize the performance of the entire
measurement system, not just the trans-
mil o, One way 10 quantify the
stack-up of errors is o e a total proba
ble emror (TPE) ealeulation. This analyz-
3 the probable eror of fhe transmitter
and sensor system, based on anticipat-
od mstallation eorditions, The eompo-
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neats of this calculation include the
sum square of the transmitter and sensor
accuracy effocts (Figure 2

Durabllity and reliabllity create
confidence

It 45 roasonablo Lo assume that i dura

ble devies o¢ system will be reliabe. You
can depend on it W perform its intend
ed function. Just as you would expect
a durable batiery in your car to reli-
ably start the engine and run the acces-
sorses under all reasonable conditions,
you would expect # durable tempera-
ture measwement system Lo perform
under its specified conditions. Confi-
dence s buill upon & history of reliable
performance.
In designing & lemperafure micasure-
nt system, each component should
be selected W vide the relinbility
demanded of an application. For exam-
Ple, if dealing with a high-precision me-
surement requirement, vou would pot
select a sensor that s an excessive dift
expectation.

If your environment is electrical-
1y noisy, you would not use a transmit-
ter that did not offer intelligent filtering
capability. Likew & highevelocity
flow application, you would not select
a thermowell without performing wike
frequency ealculstions.
non element 15 that you
st understand the process to know
what thy critical requirements are.
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Maximizing accuracy and
reliability

When selecting transmitters, there are
many features and options that can work
together to build confidence in yous
readings

® Intelligent filtering—n most plant
envirmments, electrical surges from
lightning or other static discharge are
commmon as are power surges and dips
from your local grid. There can be other
hostile conditions caused by vibration,
high humidity, extreme ambicot tem-
poratures, comosive atmospheres, and so
an, that can adversely
affect transmitter pet-
formance. Fortunately
high-quality  manu-
fucturers have design
featares and config-
wralion options  that
address these issues
d help peovide a
Jiable  temperature

measurement

= Transmitter-
sensor  maiching —
Al RTD sensors have

performance curve. Transmitter-sensoe
matching can create precise compensa-
tion for these inaccuracies. Some trans-
autters offer tas as 2 bailt-in function
using & Callendar-Van Dusen (CVD)
equation program

is equation describes the relation-
ship between resistance and temperature
specific RTDs. The matching process
W the user 10 enter four sesor-spe-
cific CVI) constants into the transmit-
ter. The transmitter solves the equation

10 match the transmitter to that specific
sensor, thus provading outstanding accu
racy. Accuracy improvement for sen-
sor matching is typically 7:1 and system
socuracies of +0.023 °F (£0,014 °C) are
possible

& Hot device switchover—With o
dual sensor system, the transmitier can
be programmed 1o switch the transmit-
tex mput automatically from the primary
sensor to the secondary sensor shoald the
peimary sensor fuil. This featare allows
the assembly to maintain measurcment
contirusty (Figure 31

Sensar  drift
detection—When
fwo sensors are oper-
ating in parallel and
connected to the same
transmitter, the trans.
mitier can be pro-
grammed 1o compare
the two sensor read-
ings and notify 1
control system if the
readings  begin o
diverge doe to degra
dation of one of the
sersors thal is causing
its messurement sigmal
10 drift away from the
sctual value (Figure 4).

Regardless of the hostile conditions
that might exist at the point of measure-
ment, u properly specilied temperature
measurement system configured with
options and featues as described sbove
<an go a long way to ensure that an ace
rate and reliabie measurcment is contine-
ally reported to the receiving sysiem. ee
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