Measuring Temperature
with

Resistance Temperature Detectors
(RTDs)



THERMOCOUPLE RTD THERMISTOR | SEMICONDUCTOR
Widest Range: Range: Range: Range:
—184°C to +2300°C | -200°C to +850°C | 0°C to +100°C —55°C to +150°C
High Accuracy and Fair Linearity Poor Linearity Linearity: 1°C
Repeatability Accuracy: 1°C
Needs Cold Junction Requires Requires Requires Excitation
Compensation Excitation Excitation
Low-Voltage Output Low Cost High Sensitivity |  10mV/K, 20mV/K,

or TpA/K Typical
Output




Applications Of Temp: Sensors

Control
e Process Control
e Battery Charging

Monitoring

e Portable Equipment

e CPU Temperature

e Battery Temperature
e Ambient Temperature



Wire Wound Element Design

Ceramic mandrel with intsmal
bores to houss cails

Flatinum ar
platimum
alloy wires

\L Platinum sansing wire

wound into a coil o fit
imto the mandrel bores

and the wire ands
connected to the

platimum lead wires.




Film 5tyle Element Design

Glass covering
to protect foil
conductars

Glass or epoxy
covering to protect
lead wires at

attachiment points

Flatimurm film with
conductors etchad
or cut irko it

Laad wira:
Platinum
coated nicksl

or platinum
alloy

Caramic
substrate
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Typical RTD Design

coiled resistance element




TFD RTD Surface Element



Terminal Bloc D Probe

With Aluminum Protection Head
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Platinum (Pt) RTD

e The Most Common
e 100 Q &1000 @ Standard Values
e Typical TC = 0.385% / °C,

e Good Linearity - Better than
Thermocouple,Easily Compensated

e Superior repeatability & long term stability



Pt RTD Comparison Chart

Characterlstic PLRTD, Flm PLRTE, Wl

Atne Katerial Flatinum Flatmum,
thin him gare wound

Helatie Sensor Cosl Koderae o Low Kodemle

Relatwe System Cosl Modemle

Temp Range A0 o F50°C A00°C o B500C
(S60°C max typ.) IE00°C max. yp.]

Changmg Pammelker Resislance Resislance

Basa Value 100 L3 TO AN00 £ JLEEN
Interchangeakility 1%, +0.5°C t006% |, +0.2°C

Suatility Farelen




Pt RTD Comparison Chart

Sarsivky

0.30% "C 0.30%"C
Relatve Sensimlby Modermle Modemle
L nearity Excelien Excellent
=ope Fosilive Foeilie
Moise Suscephbilty Licive
L ead Hesigance Ermars Lcive
flrimum =ize {in. [0z 065
inimum Frobe Diameater LD JED

=pecial Requiremenls

Lead compensalion




Three Wire RTD >






| INTERNATICONAL STANDARDS

stardard camment

IEC 751 Delines Class A and B performance for 100 L2 DOOGES
alpha Pt KTDs.

[N 43760 Malches IEC 751

B5-1504 Malches IEC 751,

A% CTe0d Matches IEC 751, Adds (Q.003076 alpha.

15500 Delines Emperature scale and rarsler standard.




Parameter I[EC 731 Class A [EC 731 Class B

K, T00EY + 006 100EY + 0.12%
Alpha, o 10385 + 00063 0385 + 0GRA
Range 200G BS0PC A0°C o BA0C
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Pt RTD Characteristics (IEC 751)

Stability:

e Drift in the temperature reading per unit time
e 0.005 to 0.25°C/year for Platinum
Repeatability:

e Drift at 0°C experienced after 10 cycles over its full
operating temperature range

e | ess than 0.05 % of FS at 0°C, for Platinum



Maximum Deviation

Resigtanoe

Best Linear Fit

Temperature °C Tes



Outlet Temperature
Variation to the Step

Change in Heat Input
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Sheath Diameter

Response Time

1/8° 2 Seconds
318" 3 Seconds
1/4° 4 Seconds

Self Heating:






Recommended Temp. Ranges-PtRTD

Elements
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Callendar-Van Dusen equation
R, = Ry [1 + At + Bt? + C(t - 100)7]

For T>0, C =0

R, = Ry [1 + At + Bt? ]

Ry = Vo / Ly

Vo / Iy = Ry[1 + At + Bt? ]



Callendar-Van Dusen Coefficients:
Platinum RTDs

Standard |« A/103 |B/107 |C/1012
IEC 751/ |0.003850 |3.9080 |- -4.2735
DIN 5.8019

43760

American |[0.003911 [3.9692 -4.2325

5.8495

ITS-90 0.003926 [3.9848 |-5.870 |-4.0000




A 1002 Pt RTD WITH 100 FEET
OF 30-GAUGE LEAD WIRES

R =10.5C

v

COPPER

R =10.50

o Y,

COPPER

RESISTANCE TC OF COPPER = 0.40%/C @@ 20°C

RESISTANCE TC OF Pt RTD = 0.385%/ “C @ 20°C















Vorp - Va-2 (V,-V,)-V,

Reto = Vero / L
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Selection of Thermocouple Vs Pt RTD

Criteria Comparison
Range TC:-184°C to 2300°C

RTD: -200°C to 850°C (600°C max. typ.)
Response Grounded TC, 3 time faster than RTD
Sensor Cost TC costs 3 time less than RTD
System Cost More than RTD
Sensor Accuracy |RTD accuracy 2 TC accuracy




Selection of Thermocouple Vs RTD.....

Criteria Comparison

Linearity Better for RTD

Stability Better for RTD

Repeatability Better for RTD

Ruggedness TC essentially single piece construction
Long term RTD has Long term Stability, Linearity,
accuracy Superior Repeatabillity ............

Vibration & TC Is better than RTD

Mechanical Shock




