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An end to the uncertainty

DIN EN 60751:2009 legitimises the use of platinum
resistance thermometers in industrial applications

Dietmar Saecker

DIN EN 60751, the standard for industrial platinum resistance thermometers,
was recently re-issued after more than a decade (2009 Edition). The primary
reason for this update was that several aspects that had already been success-
fully established in practice were not yet mentioned in the 1996 standard. The
two most important examples are the use of thin-film resistors and the so-

called 1/3 DIN accuracy class.

Many users were unsure about whether
they were actually allowed to use the new,
but non-standardised, technologies at all.
Now this uncertainty has come to an end:
the new DIN EN 60751 standard describes
these points in detail and defines new, real-
istic limits of use for sensor types and accu-
racy classes. Unfortunately, however, the
new standard abandons its usual clarity
when it comes to specifying the vibration
resistance of thermometers, leaving itself
open to a wide range of interpretations.
This article comments on the most import-
ant changes and helps understand the new
standard.

Measuring resistor designs

The electrical resistance of a resistance
thermometer's sensor changes with tem-
perature. Since the resistance increases as
the temperature rises, the device is said to
have a PTC (Positive Temperature Coef-
ficient). Pt100 measuring resistors are
normally used for industrial applications.
In the predecessor version of IEC 60751
(1996 Edition), there is no mention of the
design of the sensors used. In the old days,
there were only wire-wound measuring re-
sistances (W). However, during the last de-
cade, thin-film resistors (also referred to as
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flat-film resistors, F) have become widely
accepted.

Since thin-film measuring resistors were
omitted from the old standard, many users
were of the erroneous opinion that stan-
dardised thermometer configurations still
made exclusive use of wire-wound resis-
tors. In fact, the usage limitations vary, de-
pending on the sensor configuration. The
dominant types in industry are described
below.

Wire-wound resistors (W)

With this design, a very thin platinum wire
is encased within a round, protective body.
This design has been well-established for
decades and is common worldwide. Two
sub-types are available that differ in the
choice of insulating material, namely glass
or ceramic resistors.

The bifilar wire of a glass resistor is fused
within a glass body. Since this prevents the
wire from moving, this type demonstrates
high vibration resistance. Unfortunately,
some properties of glass change at high
temperatures, causing its electrical conduc-
tivity to increase. Owing to its decreasing
insulation resistance, the sensor loses its ac-
curacy and should therefore only be em-
ployed in the temperature range from -196
to +400°C. The production of this sensor
type is complicated and the resulting price
is comparatively high.

The platinum wire of a ceramic resistor is
spiral-wound and located in a cylindrical
cavity in the protective body. With high vi-
brations, the lack of support may mean the
windings of the coil touch one another and
alter the resistance. Under extreme vi-
bration, the freely oscillating wires may
even break. This is why this sensor design
can only be used if the vibration stress is
low. However, these sensors provide the
widest temperature range and are suitable
from -196 to +600 °C.

Thin-film resistors (F)

With thin-film resistors, a very thin plati-
num film is applied to a ceramic carrier
plate. Connecting wires are then attached.
Finally, the platinum film and the connect-
ing wire junctions are sealed against exter-
nal effects by a layer of glass. Thin-film re-
sistors typically have a very small size and
high vibration resistance. Due to the com-
bination of different materials, the tem-
perature range is limited to between -50
and +500 °C.

Since thin-film resistors are also used in
large quantities in consumer appliances,
sensors of this type are, in most cases, very
cheap to produce.

The new standard proposes identifying the
sensor type on the product label of the
thermometer by adding (W) or (F).


Verwendete Distiller Joboptions
Dieser Report wurde mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v3.0.2" der IMPRESSED GmbH erstellt.
Registrierte Kunden können diese Startup-Datei für die Distiller Versionen 7.0.x kostenlos unter http://www.impressed.de/DistillerSecrets herunterladen.

ALLGEMEIN ----------------------------------------
Beschreibung:
     KD_Dist7_72dpi
Dateioptionen:
     Kompatibilität: PDF 1.3
     Komprimierung auf Objektebene: Nur Tags
     Seiten automatisch drehen: Aus
     Bund: Links
     Auflösung: 72 dpi
     Alle Seiten
     Piktogramme einbetten: Nein
     Für schnelle Web-Anzeige optimieren: Nein
Papierformat:
     Breite: 208.25 Höhe: 294.7 mm

KOMPRIMIERUNG ------------------------------------
Farbbilder:
     Neuberechnung: Bikubische Neuberechnung auf 72 ppi (Pixel pro Zoll)
          für Auflösung über 72 ppi (Pixel pro Zoll)
     Komprimierung: Automatisch (JPEG)
     Bildqualität: << /Colors 3 /QFactor 0.76 /Columns 349 /Resync 0 /Blend 1 /HSamples [ 2 1 1 2 ] /Rows 237 /ColorTransform 1 /VSamples [ 2 1 1 2 ] >>
Graustufenbilder:
     Neuberechnung: Bikubische Neuberechnung auf 72 ppi (Pixel pro Zoll)
          für Auflösung über 72 ppi (Pixel pro Zoll)
     Komprimierung: Automatisch (JPEG)
     Bildqualität: Mittel
Schwarzweißbilder:
     Neuberechnung: Bikubische Neuberechnung auf 400 ppi (Pixel pro Zoll)
          für Auflösung über 400 ppi (Pixel pro Zoll)
     Komprimierung: CCITT Gruppe 4
     Mit Graustufen glätten: Aus

Richtlinien:
     Richtlinien für Farbbilder
          Bei Bildauflösung unter: 150 ppi (Pixel pro Zoll)
               Ignorieren
     Richtlinien für Graustufenbilder
          Bei Bildauflösung unter: 150 ppi (Pixel pro Zoll)
               Ignorieren
     Richtlinen für monochrome Bilder
          Bei Bildauflösung unter: 600 ppi (Pixel pro Zoll)
               Ignorieren

FONTS --------------------------------------------
Alle Schriften einbetten: Ja
Untergruppen aller eingebetteten Schriften: Ja
Untergruppen, wenn benutzte Zeichen kleiner als: 100 %
Wenn Einbetten fehlschlägt: Abbrechen
Einbetten:
     Schrift immer einbetten: [ ]
     Schrift nie einbetten: [ ]

FARBE --------------------------------------------
Farbmanagement:
     Einstellungsdatei: None
     Farbmanagement: Alle Farben in sRGB konvertieren
     Wiedergabemethode: Standard
Arbeitsfarbräume:
     Graustufen Arbeitsfarbraum: Dot Gain 20%
     RGB Arbeitsfarbraum: sRGB IEC61966-2.1
     CMYK Arbeitsfarbraum: Euroscale Coated v2
Geräteabhängige Daten:
     Unterfarbreduktion und Schwarzaufbau beibehalten: Nein
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Nein

ERWEITERT ----------------------------------------
Optionen:
     Überschreiben der Adobe PDF-Einstellungen durch PostScript zulassen: Nein
     PostScript XObjects zulassen: Nein
     Farbverläufe in Smooth Shades konvertieren: Ja
     Geglättene Linien in Kurven konvertieren: Nein
     Level 2 copypage-Semantik beibehalten: Nein
     Einstellungen für Überdrucken beibehalten: Ja
          Überdruckstandard ist nicht Null: Ja
     Adobe PDF-Einstellungen in PDF-Datei speichern: Ja
     Ursprüngliche JPEG-Bilder wenn möglich in PDF speichern: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Prologue.ps und Epilogue.ps verwenden: Nein
     JDF-Datei (Job Definition Format) erstellen: Nein
(DSC) Document Structuring Conventions:
     DSC-Kommentare verarbeiten: Ja
          DSC-Warnungen protokollieren: Nein
          EPS-Info von DSC beibehalten: Ja
          OPI-Kommentare beibehalten: Nein
          Dokumentinfo von DSC beibehalten: Ja
          Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja

PDF/X --------------------------------------------
Standards - Berichterstellung und Kompatibilität:
     Kompatibilitätsstandard: Nein

ANDERE -------------------------------------------
Distiller-Kern Version: 7050
ZIP-Komprimierung verwenden: Ja
ASCII-Format: Nein
Text und Vektorgrafiken komprimieren: Ja
Minimale Bittiefe für Farbbild Downsampling: 1
Minimale Bittiefe für Graustufenbild Downsampling: 2
Farbbilder glätten: Nein
Graustufenbilder glätten: Nein
Farbbilder beschneiden: Ja
Graustufenbilder beschneiden: Ja
Schwarzweißbilder beschneiden: Ja
Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Nein
Bildspeicher: 1048576 Byte
Optimierungen deaktivieren: 0
Transparenz zulassen: Nein
ICC-Profil Kommentare parsen: Ja
sRGB Arbeitsfarbraum: sRGB IEC61966-2.1
DSC-Berichtstufe: 0
Flatness-Werte beibehalten: Ja
Grenzwert für künstlichen Halbfettstil: 1.0

ENDE DES REPORTS ---------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de


Operating limits

A new feature in the 2009 version of the
standard is that the operating limits for the
thermometer configurations vary accord-
ing to the sensor design, resulting in metro-
logical differences (table).

In class B, the complete measuring range
can only be covered using wire-wound ce-
ramic resistors. Thin-film resistors, in real-
ity, are limited by the standard. Glass resis-
tors can only be used up to +400°C, be-
cause the increasing electrical conductivity
of the glass body causes a measuring error.
In order to be more realistic, accuracy Class
A now only applies from -100 to +450 °C. It
had become evident that all thermometers
makes frequently drift away from the old
Class A in continuous use at extreme tem-
peratures. Thus, the Class A specification
basically only applied in the as-delivered
state and not during operation. The new
standard informs the user that “only” Class
B is applicable at extreme temperatures.
Another way of specifying accuracy, re-
ferred to as 1/3 DIN, was proven in prac-
tice but not yet standardised. Without stan-
dardisation, this could be interpreted by
providers in different ways. The only stan-
dard feature was that a tolerance of 0.1°C

Temperafure and
resistance relationship

There is exactly one resistance value for each tem-
perature. This clear relationship can be described
by mathematical formulae. The formulae shown
below apply within the operating temperature
limits and do not depend on the design of the
measuring resistor.

The following applies in the temperature range
from -200 to 0°C:

R.=R,[1 + At + Bt2 + C(t-100°C) 8]

The following applies in the temperature range
from 0 to +600°C:

R.=R,[1 + At + Bt

where

t = Temperature in °C

R, = Resistance in ohms at the measured
temperature

R,=Resistance in ohms at t=0°C (e.g. 100 ohms)

The following constants apply for the purpose of
the calculation:

A= 39083 -103(°C)

B =-5.7750 - 107 (°C?)

C=-4.1830- 102 (°C*)

= |
= = =g, &
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Graph of the tolerance values according to DIN EN 60751 for resistance thermometers with wire-wound resistors

(left) or thin-film resistors (right)

(that is, one third of Class B) had to be ob-
served at the calibration point (0°C). The
new standard takes this into account by
turning it into a true accuracy class, in
which a temperature range is combined
with a calculation of the permissible sensor
limiting error. This new accuracy class,
which is in fact slightly better than 1/3
DIN, is called Class AA.

Practical considerations likewise dictated
the replacement of the lowest calibration
point, ie. -200°C, with -196°C, which is
much easier to represent. Under real condi-
tions, -200°C could never be achieved
while -196 °C can be reached very easily by
boiling nitrogen at standard pressure.

Lack of clarity on
vibration resistance

In accordance with DIN EN 60751, any re-
sistance thermometer conforming to the
standard can be exposed to vibration-in-
duced accelerations of up to 30m/s? that
occur in a frequency range from 10 to
500 Hz. Unfortunately, the new standard's
text is ambiguous here. The 1996 edition
clearly refers to “peak-to-peak”. This in-
formation has been missing from the 2009
edition since it was revised by the IEC (In-
ternational Electrotechnical Commission).
This opens up a wide range of interpre-
tations. Most other standards (e.g. IEC
60068 Environmental Tests) concerned
with vibration tests use the term amplitude
exclusively. This means that other measur-
ing instruments, such as manometers, are
tested for stability at a given vibration with
a given amplitude.

Based on the new wording of DIN EN
60751, it must be assumed that this stan-
dard also refers to the amplitude, since this
is the customary term in vibration engin-

eering. However, according to the above-
mentioned curve, this would double the
specifications for thermometers. Consul-
tations with various members of the DKE
Standards Committee have confirmed that
this increased severity was not the aim.
What they actually meant was “everything
stays the same”, except that this was for-
mulated without the words “peak-to-
peak”. Apparently, this extra information
was deleted by the IEC. We will therefore
have to live with this uncertainty until the
next edition of the standard is published.
This explains why some manufacturers of
industrial thermometers have decided to
refine the vibration resistance data in their
documentation by adding “amplitude” or
“peak-to-peak”.

If the frequency is known and constant, the
amplitudes of acceleration, speed and de-
flection can be converted to one another.
The vibration frequency can be used to cal-
culate the so-called angular frequency o (o
=2 mf). Ata given amplitude of acceleration
A, the maximum velocity V,,,. is specified
as V,,.= A/w This can be used to deter-
mine the deflection from the zero line
X o=V mar/ @. The space required for the vi-
bration, i.e. the difference between the de-
flections, can be represented as the peak-to-
peak value of the deflection x,,,.

The new standard brings the written de-
scription of Pt100 resistance thermometers
and their actual usage closer together.
Users are clearly informed about the new
technical possibilities and their limitations.
Unfortunately, the statement on vibration
resistance remains ambiguous, so that this
parameter requires particular attention
when comparing data from different
manufacturers.
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