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The soph is t ica t ion  o f  modern  process  cont ro l

and  mon i to r ing  equ ipment ,  fo r  i ndus t r i a l  and  l abora to ry

usage, requires a temperature measurement capabil ity having

the h ighest repeatabi l i ty  and stabi l i ty.

Fo r  p rec i se  t empera tu re  measu remen t  t he  P l a t i num

Res is tance  Thermomete r  (P.R .T. )  o f f e rs  the  bes t  ove ra l l

advantage of any device and the ceramic bodied wire-wound

plat inum res is tance temperature detector  (R.T.D. )  has the

h ighest  per fo rmance,  when compared aga ins t  “ f i lm”  and

“glassed” types of  detectors.

Detectors suppl ied by Sensing Devices are of the wire-

wound  t ype ,  i n  wh ich  the  p l a t i num w ind ing  i s  pa r t i a l l y

supported by a h igh temperature g lass adhes ive,  ins ide a

ceramic tube. This construction provides a detector in which

s tab i l i t y,  repea tab i l i t y  and  accu racy  a re  o f  t he  h i ghes t

ava i l ab le  fo r  most  i ndus t r i a l  and  sc ien t i f i c  app l i ca t ions .

By concentrating on this detector type, Sensing Devices

has been able to offer the largest possible select ion of sizes

to sui t  a l l  types of  requirements.  Also, the unique company

organisat ion a l lows standard and specia l  detector  des igns

to be del ivered with an unr iva l led serv ice.

It is possible that we have in stock the detectors you need.

Th is  brochure  deta i l s  on ly  the  most  popu lar  detector,

i .e. PT100 Series. For other detectors as mentioned, please

enquire.

To  cover  the  manufac tu re  o f  P.R.T.  de tec to rs  cer ta in

nat ional  and internat ional  standards ex ist .

The three best known are:-

Br i t i sh  BS1904: 1964

German DIN43760: 1968

Amer ican RC21-4: 1966

Of these three standards, BS1904 is the most demanding.

Sensors comply ing with BS1904 wi l l  a lso sat is fy DIN43760

and RC21-4.

Basica l ly  the three standards are equiva lent  one to the

other.

W ith in th is sect ion reference wi l l  be made f requent ly  to

BS1904 for  which the Pt100 range is  bas ica l ly  appl icable.
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THE INTERNATIONAL PRACTICAL TEMPERATURE SCALE

T h e  I P T S - 6 8  i s  b a s e d  o n  t h e  a s s i g n e d  v a l u e s  o f  t h e

temperatures of a number of reproducible equi l ibr ium states

(def in ing f ixed points)  and standard instruments cal ibrated

at these temperatures. The standard instrument used from

13.81K to 630.74˚C is the Platinum Resistance Thermometer.

Th is  was chosen because of  i ts  ext remely  h igh standards

of reproducib i l i ty  of  measurement.

The unit  of  the fundamental  physical  quant i ty known as

thermodynamic temperature, symbol T, is the kelvin, symbol

K,  def ined as the f ract ion 1/273.16 of  the thermodynamic

temperature of  the t r ip le point  of  water.

For  h is tor ica l  reasons,  re lated to the way temperature

sca les  were  or ig ina l l y  de f ined,  i t  i s  common pract ice  to

express a temperature in  terms of  i ts  d i f ference f rom that

of  a  thermal  s tate 0.01 ke lv ins lower than the t r ip le  po int

o f  water.  A  thermodynamic temperature ,  T ,  expressed in

th i s  way  i s  known as  a  Ce ls ius  tempera tu re ,  symbo l  t ,

def ined by t  = T  -273.15K.

The un i t  o f  Cels ius temperature is  the degree Cels ius,

symbol ˚C, which by def in i t ion, is equal in magnitude to the

ke lv in .  A  d i f fe rence o f  temperature  may be expressed in

kelv ins or  degrees Cels ius.

The Internat iona l  Pract ica l  Temperature Scale of  1968

( IPTS-68 )  has  been  cons t i tu ted  in  such  a  way  tha t  any

temperature measured on i t  is a close approximation to the

numer ica l l y  cor respond ing  the rmodynamic  tempera tu re .

Moreover,  such  measurements  a re  eas i l y  made and a re

h igh ly  reproduc ib le ;  in  cont ras t ,  d i rect  measurements  o f

thermodynamic temperatures are both di ff icult  to make and

imprec ise.  The IPTS-68 uses both In ternat iona l  Pract ica l

Kelvin Temperatures, symbol T68, and International Practical

Ce ls ius  Tempera tu res ,  symbo l  t68.  The re la t ion  between

T 6 8  and  t 6 8  i s  t he  same  as  t ha t  be tween  T  and  t ,  f o r

example:     t68 = T68  -  273.15K

The un i ts  T68 and t68 are the ke lv in ,  symbol  K and the

degree Cels ius,  symbol  ˚C;  that  is ;  the names of  the un i ts

a re  t h e  s a m e  a s  t h o s e  u s e d  f o r  t h e  t h e r m o d y n a m i c

temperature T  and T .

A l l  tempera tu res  re fe r red  to  in  th i s  sec t ion  re la te  to

IPTS-68.

Whe re  more  de ta i l ed  i n fo rma t i on  abou t  IPTS-68  i s

requi red,  i t  is  recommended that  a study be made of  “The

 I n t e r n a t i o n a l  P r a c t i c a l  Te m p e r a t u re  S c a l e  o f  1 9 6 8 ” .

TEMPERATURE/RESISTANCE RELATIONSHIP �

Th is  sec t ion  de ta i l s  the  mos t  common ly  used  de tec to r

spec i f icat ion in  genera l  use throughout  Europe,  USA and

many other parts of  the wor ld.

Pt100

The  Tempera tu re /Res i s t ance  Re l a t i onsh ip  f o r  p l a t i num

resistance thermometers can be obtained from the Callendar-

van Dusen equat ion.

For the range -200˚C to 0 ˚C:
Rt = Ro {  1 + At + Bt2 + Ct3 ( t  -100)} ............. (1 )
For the range 0 ˚C to 630˚C:
Rt = Ro {1 + At ’  + Bt’2} ............. (2 )

The constants A, B and C are determined by the propert ies

of  the p lat inum wire used in  the construct ion.  P lat inum is

specia l ly  se lected to g ive nomina l  va lues of  the constants

be low.  The nomina l  va lues for  A lpha,  De l ta  and Beta are

also l is ted.

DETECTOR CONSTANTS Pt100
A 3,908 02
B -5,801 95
C -4,273 50
A lpha 3 ,850
De l ta 1 ,50700
Be ta 0 ,111

 The constants A,  B and C can be wr i t ten:

A = Alpha {1 + Del ta }  ˚C- –
 1001

B = Alpha x Del ta x 10-4 ˚C-2

C = Alpha x Beta x 10-8 ˚C-4

A lpha  ( α )  i s  t he  t empe ra tu re  coe f f i c i en t  o f  re s i s t ance

(obtained by measurement of  the detector res istance Ro at

˚C and R100 at  100˚C)  and is  def ined as:

Alpha = R100 -  Ro
100 x Ro

Del ta (δ )  is  obta ined by ca l ibrat ion at  a h igh temperature,

f o r  examp le ,  a t  t he  F reez i ng  Po i n t  o f  Z i nc  ( 419 .58 ˚C )

Beta (β )  is obtained by cal ibration at a negative temperature.

section�
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Us ing  A lpha ,  De l t a  and  Be ta  and  Ca l l enda r-van  Dusen

equat ion can a l ternat ive ly be wr i t ten:

R t  =  R o  { 1  +  [ t -  (  t  )  (  t  - 1 ) - (  t  ) 3  (  t  - 1 ) ]  }

The  tempera tu re/ res is tance sca le  obta ined by  us ing  the

Cal lendar-van Dusen equat ion prov ides a res istance va lue

as  a  func t ion  o f  tempera tu re  t ’ .  I n  o rder  to  equate  th i s

tempera tu re  to  the  va lues  de f i ned  by  the  I n te r na t i ona l

Pract ica l  Temperature Scale – 1968 ( IPTS-68) a correct ion

procedure is  des ignated in  order  that  the sca le  conforms

exact ly  wi th Internat iona l  Pract ica l  Ce ls ius Temperatures,

displayed as t68. For temperatures from 0˚C to 630°C, Figure

1  i l l us t ra tes  the  approx imate  co r rec t ion  necessa ry.  Fo r

temperatures be low 0 ˚C the correct ion procedure is  much

m o r e  c o m p l e x  a n d  r e f e r e n c e  s h o u l d  b e  m a d e  t o

“ In te r na t iona l  P rac t i ca l  Tempera tu re  Sca le  o f  1968”  fo r

further deta i ls .

TOLL FREE NUMBER 1800 811 818
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Relat ionship between t68 and t ’  as g iven by Equat ion (2)



The temperature t ’  is  obta ined f rom Equat ion (2)  and t68 is

der ived f rom i t  by us ing the correct ion shown in F igure 1.

In order to provide a more pract ical  approach for users

of  p la t inum thermometers ,  tab les  o f  temperature  aga inst

res is tance va lues are l is ted in  1 ˚C steps.  A reduced tab le

is  shown on page 12-7.  The fu l l  tab le can be prov ided on

request.

DETECTOR TOLERANCE AND ACCURACY

The two most important factors affect ing detector tolerance

are deviat ion f rom the nominal  res istance va lue at  0 ˚C and

va r i a t i on  i n  t he  t empe ra tu re  coe f f i c i en t  (A lpha )  o f  t he

plat inum wire. The f i rst factor, deviat ion from Ro, is a direct

re s u l t  o f  t h e  m a n u f a c t u r i n g  m e t h o d  a n d  a  t o l e r a n c e

o f ± 0 ,01% i s  re a d i l y  a c h i e va b l e .  I n  t he  c a s e  o f  A l p ha

var iat ion, the wire manufacturer d ictates to a larger extent

the f inal values obtained. However, manufacturing processes

do cause changes in  the meta l  and i t  is  essent ia l  to  have

complete contro l  o f  every  stage of  product ion in  order  to

g u a r a n t e e  m i n i m u m  d e v i a t i o n  f r o m  s p e c i f i c a t i o n .

Detec to rs  supp l i ed  by  Sensing Devices  have  c lose

contro l  of  manufactur ing techniques and cr i t ica l  se lect ion

of mater ia ls result ing in typical  Alpha deviat ion of less than

±0.000003˚C-1. This ensures the very highest conformance

to the temperature/ res is tance character is t ics  thus g iv ing

fu l l  conf idence in detector  interchangeabi l i ty  and a l lowing

c r i t i ca l  measu remen ts ,  such  as  de te rm ina t i on  o f  sma l l

temperature differentials, to be made with accuracy, stabi l i ty

and repeatabi l i ty.

The most  typ ica l  to le rance band for  indust r ia l  usage,

speci f ical ly chosen by Sensing Devices  as their  standard,

is ±0.1% of resistance at 0˚C (Ro). However, closer tolerance

detectors are avai lable in quantity in the fol lowing tolerance

bands.

BAND TOLERANCE (% of Ro)
1 0.1 (Standard)
2 0.05
3 0.03
4 0.02
5 0.01

Again wi th regard Pt100 range detectors are ava i lab le

in  to lerance Bands 1 to 5  and in  to lerance grades Class

A  and Class B  o f  spec i f i ca t ions  DIN 43760 –  1980,  BS

1904: 1984  and IEC 751: 1983.

However,  i t  shou ld be apprec ia ted that  or ig ina l l y  D IN

43760 and BS 1904:  1964 speci f ied a to lerance at  0 ˚C of

100 ±0.1 ohms and i t  is  st i l l  widely accepted that 1/2,  1/3

1/5 and 1/10 DIN refer  to these respect ive f ract ions of  0.1

ohms. In 1979 DIN 43760 was rev ised and the current DIN

43760 –  1980 now has  to le rance  bands  o f  ±0.12  ohms

(Class B)  and ±0.06 ohms (Class A) .  The current  s i tuat ion

in Europe is that specif icat ions BS 1904: 1984, DIN 43760:

1980 and IEC 751:  1983 now comple te ly  conform on a l l

to lerance va lues and character ist ics.

For   100 ohm detec to rs  the  to le rance  va lues  a t  any

tempera tu re  ( t ˚C )  fo r  these  spec i f i ca t ions  a re  g i ven  by :

±0.3 + (0.005 x t ) ˚C for  Class B

±  0.15 + (0.002 x t ) ˚C for  Class A

These  to le rance  va lues  inc lude  dev ia t ions  in  Ro and

Alpha, but when using these a l lowed deviat ions the values

for Alpha can vary f rom 0.003837 to 0.003863 for  Class B

and f rom 0 .003845 to  0 .003855 fo r  C lass  A  de tec to rs .
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OTHER DETECTOR RANGES MANUFACTURED BY S.D.L.:

In addit ion to Pt100, Sensing Devices  current ly manufacture
a range of  detectors wi th character is t ics not  deta i led in  th is
sect ion.  Some types are:

1. 100 ohm at 0 ˚C;  A lpha = .003916˚C-1.

D 100 ser ies,  J IS C 1604.

2. 130 ohm at 0 ˚C;  A lpha = .003900˚C-1.

F 130 ser ies BS 2G. 148

3. 10 ohm plat inum at  25˚C.

4. 10 ohm plat inum at  20˚C.

5. 100 ohm at 0 ˚C;  A lpha = .003900˚C-1 (F100)

6. 100 ohm at 0°C; Alpha = .003923°C-1.

7. SAMA 100 ohm nominal ;  Ro = 98.129 ohms

8. SAMA 10 ohm plat inum at  0 ˚C

We would be pleased to quote for supplying any size of detector
wi th other character ist ics.

One spec ia l  detector  manufactured is  R 25.5/50P wh ich i s
spec ia l l y  des igned fo r  inc lus ion in to  Prec is ion  Temperature
Standards for  ca l ibrat ion purposes.  The res is tance at  0 ˚C is
25.5 ohms and the min imum Alpha va lue is  .003925˚C-1.  Fu l l
t echn ica l  i n fo rmat ion  w i l l  g lad l y  be  fo rwarded on  reques t .



TEMPERATURE RANGE

The Sensing Devices  range of  temperature detectors are

designed for use over the temperature span from -200˚C to

+  800 ˚C .  However,  to  avo id  contamina t ion  spec ia l  ca re

s h o u l d  b e  t a k e n  w h e n  u s i n g  d e t e c t o r s  a b o v e  3 0 0 ˚ C ,

part icu lar ly  when us ing meta l  sheaths.

  CALIBRATION

For  a l l  de tec to rs  the  ca l ib ra t ion  po in t  i s  5mm f rom the

ceramic  body and a t  the  customer ’s  request  (w i th  ex t ra

cost )  detectors can be suppl ied wi th ca l ibrat ion va lues at

0 ˚C and 100˚C, or  at  other temperatures.

No rma l l y  two  l eads ,  o f  p l a t i num o r  p l a t i num g roup

meta ls ,  ex i t  f rom the ceramic body ( four  leads for  duplex

un i ts )  and have a  s tandard length o f  10mm. Longer  lead

lengths are avai lable to specia l  order.

Lead res istance va lues are:

Detector Lead Lead
Diameter  mm Diameter  mm Resis tance

ohms/mm/ lead

2.4 to 5.0 0 .45 0.0007
1 . 6 0 .27 0.0019
1 . 2 0 .25 0.0023
0 . 9 0 .15 0.0063

STABILITY

Sensing Devices  detectors are automatical ly  aged as part

o f  the  manufactur ing process,  thus ensur ing the h ighest

levels of  stabi l i ty.  Detectors operated over the range -50˚C

to +450 ˚C w i l l  have s tab i l i t y  leve ls  not  a t ta inab le  by  any

other type of  detectors.  Typical ly  the res istance at  0 ˚C wi l l

not change by more than 0.04% after 10 consecutive shocks

from -200˚C to + 600˚C.

SELF HEATING

When tested in a well stirred ice bath, the rise in temperature

will not exceed 0.3˚C, with 10 milliwatts dissipated in the detector.

THERMAL RESPONSE TIME�

The fo l lowing va lues are g iven for  genera l  gu idance on ly,

for  50% and 90% response to a step change or 10˚C f rom

an ambient temperature, in water f lowing 0.4 metres/second.

Detector  Diameter  mm                Response T ime in Seconds

5 0 % 9 0 %

3.0 & 3.2 0 . 6 2 . 2
2.4 & 2.8 0 .35 1 . 8

1 . 6 0 . 3 1 . 6
1 . 2 0 .25 1 . 3
0 . 9 0 .15 0 . 7

VIBRATION

When properly supported detectors wil l  withstand a vibration

leve l  o f  30g over  the  f requency  range o f  10Hz to  1kHz.

PRESSURE

The  cons t ruc t i on  o f  Sens ing  Dev ices  ce ram ic  bod ied

detectors ensures that they are insensit ive to large changes

of  pressure.  However,  i t  should be rea l ised that  s ince the

detectors are not hermetical ly  sealed,  they shou ld be

protected f rom contaminat ion by l iqu ids  or  gases by the

use of  su i table protect ion sheaths.

IMMERSION DEPTH

Depth of  immers ion is recommended to be three t imes the

sensing length; under these condit ions the requirements of

BS1904; 1964 wi l l  genera l ly  be met.

INSULATION RESISTANCE

At 240 V DC and at ambient temperature the insulation resistance

between leads and sheath is  greater  than 10 Megohms.

THERMOELECTRIC EFFECT

When tested in accordance with Sect ion 3.18 of  BS1904:

1964 any thermoelectric potentials present wil l not cause the

measurement to shift outside the application tolerance band.

LIMITING TEMPERATURES

When  sub j ec t ed  t o  t he  uppe r  and  l owe r  l im i t s  o f  t he

temperature range for  a tota l  per iod of  250 hours at  each

temperature,  the insulat ion res istance shal l  not have fa l len

be low tha t  requ i red  by  Sec t ion  2 .6  and  the  res i s tance

accuracy  sha l l  be  w i th in  the  to le rance spec i f i ed  a t  0°C.

MAXIMUM CURRENT

Typ ica l  va lues  o f  cur rents  recommended fo r  sensors  fo r

m i n i m a l  s e l f  h e a t i n g  a r e  b e t w e e n  1  a n d  5 m A .

platinum resistance  temperature detectors
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CONNECTION METHOD & SDL COLOUR CODE

A) 2-Wire Connected
Red A1

Yel low B 2

Other colour codes may somet imes have to be adopted
dependent on the avai labi l i ty  of  mater ia l .

B lue C 3
Red A 1

Yel low B 2

Blue C 3
Red A 1

Yel low B 2
Green D 4

Blue E 5
Green F 6

Red A 1

Yel low B 2
Red A1

Yel low B 2
Blue G 7

Green H 8

B) 3-Wire Connected

C) 4-Wire Connected

D) 4-Wire Compensated

E) 2-Wire Connected Duplex



temperature/resistance table
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