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mperature Detectors

To be sure of getting the temperature measurements you

need for a process application, brush up on the options
vou'll have to consider when selecting an RTD.

I.R. Madden, Moore Industries—Inlermational, Ine.
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cither a voltage ar a current propostional o
temperature. This high-level signal can
then be ransmitted to display, recondime, or
cantral wnits

Candidate Metals

vometal's @ mav be changal by combin-
ing il with another mictal or by mechans-
cally siressing it. It is thesefore possible b
produce a wide range of BT from only 2
few metals: The most common are plai-
iy, iicked, and COPPET |5 | 1ZuTe L}, All
thaee exhibit:

 Skabsility, -.'|..|.:i:|'rl ina |lr..':||l.|. b and
repetlable manner when exposed to fem-
perabune changes

= Higl change in resistance lor a corre-
sponding change in temperatire

® licrensed resistance at higher tempera-
lnees

Platimmm. Flalimmm's resistance-fempeni-
ture relationship over a very lage range,

HE"F e 1562°F (<2007 to S307L],
makes it the best metal for BT I high
e tinge |:-::|||I allows il wse in cnviron-
ments thal would exidize copper and
nickel
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pltrnaim BT b the base shom value. The
elisices, bepieally 100 L3, 200 £3, 500 £,
danigd OO 8 5t 32°F (T, represent dis-
tinet degrees of sensitrvity in relationship 1o
resistance. For example, if von are working
it @ narrow bemperature range. a (00 £
KT wowild outpat a 2 6 change for a 10°F
(2%} change n temperature. For the same
range, a 1000 Q RTD outpots a 20
chimge for o H°F temperature change.
Thus, the greater the resistance in ohm
chimge per degree, the greater the resali-
fiem im narren ranges. Platioom BT e
excellent, but, of course. more expensive
than copper or mickel units

Copper, Copper's small total restitance bo
temnperature change. tpically 2 span of anly
10 L8, Tomits its gsefuloess as an KT, T
tendency to oxidize at high temperatares
gives it in operating ange of anly <5H°F to
AOEF (=P o 13PCY. The chiel measn
touse & copper instead of & platimun KT
i cost—generally as much as a 3% swvings.
Al on the plus side i coppers status as the
minst lisear of the tiree metals “This laear.
ity simplifics the process of accurately seal-
ing an RTD reading. Copper RTDs are
wsed most commanly in mator windings,
peneratons, and berdies,

Mickel, Mickel is the middle-plathe-raml
RTE. Less ExpHnsivE Huin platimm, i
r-:mpr.ut'uu range of =112°F o 605°F
(—BIMC ko "H'L" s hroader than th it af
COPfiEr. It has a |r.|.1|1u.|:| |'|'|,|=|| I ||||1|_r.||:|11;=
coefficient nrn.si-:luuu.-, wilh i lese: valne af
L2006k Mickels Lmitatiomns shern from 1l
I-:.'I:-dr.'lk'!.' by becans: nomlisear at h|_'|'||l1r'r,|-
bunes =3 T2°F (3

Element Configurations

The resstinee elemenl minsl g:'m_'mll'l: e
Bl it '|r|11|:-|:' 13T 511 :|t:|.|:||1|:-|!; ﬂrﬂgmﬂ]
fiex withistzime #he .1|1|:|||r.:||1||-||'1- aperalng con-
difisng. Twa ol the mod comman :nnﬁ_qu—
taln e vwirewomd amd thim Rlo,

Wirewoumnd —the Partially Supported
Element. Wirewound elements are made
by winaling o picce of precision wire int g
coil and plavi ing it through smiall holbes in g
ceramic, mica, or plass insulator {see
Figure 11, The eléement is held in place
with an achesive and pocked with an oode
If||:'.I1u||:|.' o or ARSI defer-
mined by the manufacturer. When the
erdine assembly & fred, the heat fuses part
aof the metal coil to the assembly. The
remaimsler of each ool & free o move and
o resistance measurement is possible.
Available designs are shack resistant {up to

£ |.!| CiLlses i |.||.J|.||5l: i G |1|11r|l|n:|r|l 'r||1|
p-:rfn:-rm well witlin ||.:||1|:|-: ratluire TNIEES af
—4536"F o 1562 'F <260 i REO°CY

.'\JlllLlllgh the werewonmad element s aoon-
rafe enogh o sitishy most mdustoal appli-
cations, each assembly must be measured
al precul, adding to the cost of fabrica-
tion. These devices are hest used for
cadrens bempenatore "T'L"I icatioms,

Thin Film=the Fully Supported
Element. To prodoce a thin film sensing
element, |:||:|Hr||.||1|. ware 15 seton the surface
of an insulating support piece, usoally
cerne (see Frmare 3, page 68 These ele-
msents do nit reguire precise messirement
prioe b manutacture, Simple resistance
adjustments can easily be made using bser
technelogy, For example, the film can take
Hae foemn of @ grid whose filiments can be
severed with a laser beam to produce the
desiced acenrpey. Film-type semsors are
rogged amd provide 3 fast response o tem-
perature changes, They are alo less expen-
sive fo prenfuce becanse fabrication methods
permit comsmelemble autamation, The down-
sude 15 that they are more susceptible to
strain ganee effects. They are best used i
midrumgee (=38°F to T112F, or =307 to
AP | bemperabure applications,

Twa, Three, or Four Winest

The: basic RTTY consists of o sensing cle-
ment conmected fo twa, three, o fowr lead
wires an the order of 65 in, long, Ideally,
fhese wires do nat add am resistanee o the
sensar signal {see Figure 4, page 68].

The recommended mumber of led wires
is 0 fumetion af:

* Accuracy and stability reguined

# [rskalled system cost

® Lacation of scnsor and recemer

* Ambient conditions {e.g., corrosive
potential of the atmesphere)

# Nomninal sensor resistance and range

Two-Wire. This BT {see Fagure ¥, page
bk, the least |:I|.'|:||“:Ihi'p1.' lllr.l '|:i|||r.||¢-1|: fa
illhhl“. |J-I'l:|l.id|:':. Fsis I'ulllpuruhlrr.' zas e
ment when drenracy 1% tiaxl |:r||:'r|.'a| amd
when the receiver commects divectly to the
sensor with no estersion wine of long con-
|-"|i||l-'-_!“= attachied b the leil wares, The X-wire
R1D cannol |.'U|I||.||.'1I:u.a|r.' kg the mberent
resistance af these wdd-ois, Fierthermnore,
COMTosion chiy |:||."|1:|r.||a i exkerisinn waires,
1.'|'|:Jllg_'lll:__' their sesiskanes and 4hla;r'.|||i|1!-_!_ the
rt:lljillg. The |:|mh|-u|:| i les severe with a
[0 €3 thian wikly o 100 £ JTT.

Three-Wire, Threewire K115 ame a |;_|:.'|-|]'

choice for applications that require extension
wires between the sensor and the receiver,
The additional lesd wire requires & 3-wire
transmitter o comipensate for the increased
arnavint of wiring, as long as the wins ane of
ilenitical length aned have idetical resistinee
valnes, Wires of differcir lengths will not
have the smse resistance, and even new wine
off the sime giuge and length fregquently can

PLATINUM LEADS

PLATINUM WINDING

CERAMIC BODY

Figure 2. An sdval soseding for i BTTF would md
DTETE R T L [P T i s il elpment, b
Usesw muition v vy frapdl aod expesie dn g
dace. TThe wiwsennd K] |':| nlrluﬂul 1] r.u:fq'_ vl nid
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have stightly differing dismeters. Corrosion
can change the resislance of the wines and
compromise the integrity of the signal, so 3-
wite RTDs shoold be restricted 1o benign
environments. Stressing or bending the
extension wires during installation abso ere-
ates an unbalamced resistance and reduoces
mEssUrement aCCmcy.

Four-Wire, The Fourth wire in o $-wire
RTD cireuit cancels out all errors due bo
resisdance imbalance among the leads aris
ing from variations in length. corrosion on
ar stressmg of the wires, and manufachiring
irregularities. Another sdvantage of 4-wire
RTDs is thear ahility to operate on lighter
gange, bess expensive wire (22 AWG s the
4, 16, ar 18 AWG requined by 2- and 3-wire
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detectars 1o decrease mesurement distar-
fion by creating less resistance o the meas-
wred signal), Fourwire RTDs are the best
choice for ||ig|l-ur.tl.1l:ul.1' u|.'||:||'|.';l|:ii|t'|5 and
installations characlesized !:l}' CorTiye
Il.l'll.ﬂl!.l]]ll.'ll.':"i and considerable distance
hetween the sensor and Hse receiver. The 4
wire K11 i alio very i||||'||:|r!.u||| for eribical
Iq.l:npur.-lll:m,. medsrennent .Lpp!:il: afinms
where aceuracy i a msl. For -:|!'rllr||.|.1|||
reqults, mabeh 1|||. BT b the .:|:l]r|r||:|r|.-|h.
transrabier sif e bime of |:IIIN.|:I.I:‘H.

Transmitters

|||.|Eg'r.|li1|g an RKTTY inkg 2 [ -
||1rir|g i-I:III:l conbml *r_l.'.«ill.'nl. I‘:.]:iﬁ."]: Te|uines
guHi:uE the h‘igrliﬂ I a DS, P[.C., o aklier
devace. Che sohibon = o Scmect 1;||1|r bl
BT lead wires at the receiver, Thas re-
gquvires o dedicated inpul conversion cand,
and works .'||.'-:_:|,'|'_|I'.4.|:-|:. when the wire rns
are shart, the envirnment is ek naisy, and
the aveuracy reguirements are madest,
Mare often, there are compelling reasons
[acouraey, nomse mmuonily, Aesthality, and
cosk savings] o imcorporate a kemperabore
bramsmitier inba the loop.

Temperatore fransmitters, designed fo
mamtan the mtegnty of a sensar's ookpat,
do the job better than direct-landing the
imput. Comdibonmg the sensor’s ssgnal near
the measuring point instesd of on & remnde
input card elimimates opportunities for
interference to degrade the signal, The
inherently weak outputs of KTDs make
them extremely susceptible to industrial

Figure 3, The smiace mounided A fifm BIT) ehemenl
prositder o fmw-posd, high-quatity platimem senmr it
abie for most midrange (omperature applicetions. T
element’s respovse fime i - x foster e thet o the
i type.

noase Fram sorces such as radio or electro-
magnehic devices, By converfing the low-
level signal to a more rabust 4-20 mA and
prowiding RFVEMI profection, & unsmibfer
can reduce or even elimimate nase prob.
lems Another beneft of mnsmitters is the
isalation they provide to sensar signals.
Without isolation, a signal can carry a
power sumge inbo the receiver, More com-
menby, an unisalated signal assumes an
maccurate value by prcking corrent np from
or losing it fo 0 ground loop,

Transmitters enhance o svstem's feabilib
by making it possibde 1o send the sensor sig-
nil fo several recewers, which can be indi-
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cators, emengency shutdown systems, DO,
o anything clse the proces requines. When
the transmitter’s 4-20 mA signal reaches the
DCS ar other control device, it can be proc-
esacd immediately. This is v contrast to a
direct-landed signal that the DCS must can-
dition, isolate, and linearize. Processing
time, by affecting the computer’s ability to
perfanm ather functions, limils the number
of signals that can be successfully meni-
tared and increases the reaction Gime
hetween the KT and the DCS.

Laying BT extension wire I:hlmtgjl i
plaint from the sensor to the receiver is an
expendive chore. On the ather hand, most
plants lave pairs of standard twisted-pair
shielded wires available in cable. An aber.
nalive salution i3 Lo J&'. Cisjapet Wires,
'ﬁ]lll:ll H€Te Tllﬁgﬂﬂl ':IIITJhIIE Jll.lj E.If'.l“.rd"'l
e I:r..lg:||e than extenson wire. Foe 3
donire BT D, Eransmitters rexluce the takal
number of wires that must be |a:|l|g!|1 sl
installed. Even il semsor wire were tun
l|1||:||:|g|1 FHe '|'|-|'.||:|II a CS ar PLL Fe|Lbres
4 sl'u;.'r.'i:a.l beairel b comvert the ﬁgllu.l o a
usable farmal. The baards east more than
standard [V boards, and, because of the
additional terminals required o land an
RTD input, landing signals on these
hoards vsnially costs more per poind. The
most costeffective signal conversion i
accanplished by boying fransmitiers that
exictly match the number of signals
reguired, When more sensing ponts are
needed, transmitters cam easily be imstalled
o canvert the signals,

Troubleshooling with the TRY

Any BTE component can fail. The sensor
can break, its leads can be severed from it
extension wires cun crack, ond commections
at termimal Macks may boosen ar commde, A
conventional RTD recenver sueh as a trans-
mitter or direct-mput contral sistem provides
only a generic response when one of these
failures oocurs, Fthe recener has a display, a
sensor falure messge may appear ansd the
output may eventually be driven upscale or
downscale, depending on the type of filare,
Neither response gves the aperator enough
information to quickly diagnose the probbem
aned idenfify what needs repairing the upshod
is likely fo be a ime-consuming, expensive
manual diagnosis.

The TRY PC-programmable temperature
transmitter (sce Photo 1, page 66] handles I3
types of RTD (2-, 3- and 4wire; platinum,
copper, and nickel; 10-1000 £2). It prosades
an isolated (up to 1500 V) 4-200 mA oat-



Figure 5. The pevformence of o BTD) s ned ey o

et unkess all the eperating parameters are fnosm
The Zaire (A in the [eest expenuive and mesl corimoy

confagunation, bul Jor spplications raquiring grealer
arrurary, & % oor faeire (B0 shoukd! Be usad in e
dumction with om BT tranamdier.

put that is sealable via the configuration
saltware, and ready for direct interface wath
ressdont instroments, recorders, DICSs, and
ather compuber-fbased SCADA systems.

TRY also mcorporates tatal sensor diag-
nebics that detect o sensor hreak, follow up
with an alert, and then provide a clear emor
message on the software window 1o help
track and correct the pmoblem. At startup,
the: transmitter verifics that the RTD tvpe it
w programmed to accept (2-, 53-, or 4-wire}
matches that b which it is connected. [f 4
conflict is sensed, an eror message in plain
English identifies the RTD wire that is bro-
ken or not properly connected. If a wire
breaks or otherwise stops sending a signal
during aperabion, the ransmitter sends the
vutput upscale or downscale [user's choice)
o warn of trouble. B

1R, Madden is an Applications Engineer,
Moore Indusries-Interational, Inc., 16650
Schoenboen 51, Sepuheeda, CA 91 3436196,
B00-59%9-2900 or 8158-894-7111, fax H18-
HE1-2816.




