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Abstract

We propose an improved interpolating equation to express temperature-resistance characteristics for modern industrial platinum
resistance thermometers (PRTs). Callendar-van Dusen equation which has been widely used for platinum resistance thermometer fails to
fully describe temperature characteristics of high quality PRTs and leaves systematic residual when the calibration point include
temperatures above 300 °C. Expanding Callendar-van Dusen to higher-order polynomial drastically improves the uncertainty of the
fitting even with reduced degrees of freedom of the fitting. We found that in the fourth-order polynomial fitting, the third-order and
fourth-order coefficients have a strong correlation. Using the correlation, we suggest an improved interpolating equation in the form of
fourth-order polynomial, but with three fitting parameters. Applying this interpolating equation reduced the uncertainty of the fitting to 32
% of that resulted from the traditional Callendar-van Dusen. This improvement was better than that from a simple third-order polynomial
despite that the degrees of the freedom of the fitting was the same.
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Table 1. Example of the calibration data of the platinum
resistance thermometer P6

10 Rypcasured(&2) Ripeasured-Rovp (M)
49.96 119.3272 10.8

99.974 138.4395 11.2

149.981 157.2600 79

199.966 175.7816 0.7

249951 194.0177 5.5

299.987 211.9869 -10.1

399.727 246.9625 -5.9

489.754 277.5621 7.7
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Fig. 1. Residuals of Callendar-van Dusen fitting for eight platinum
resistance thermometers studied this work.
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Fig. 2. Residual of CVD fitting for PRT P6 indicated with its
third-order polynomial fitting(dashed line)and fourth-order
polynomial fitting(solid line).
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Table 2. Uncertainty in mQ with 95 % coverage for CVD
fitting(CVD), third-order polynomial fitting(3P),
and fourth-order polynomial fitting(4P)

PRT Ups (m2)

CVD 3p 4p
P1 16.1 11.2 7.5
P2 9.1 1.7 1.8
P3 12.9 5.7 5.1
P4 53 0.6 0.6
P5 14.4 1.3 1.3
P6 16.4 4.5 0.9
P7 354 28.0 222
P8 11.9 42 1.2
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Fig. 3. Correlation between C4 and D,. The solid line assumes
linear relationship between the two coefficients, while the
dashed line assumes a proportional relationship.
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Table 3. Uncertainty in mQ with 95 % coverage for fitting
with interpolating equation (6) and (8) in the text

PRT Ugs (mQ)
Eq. (6) Eq. (8)
P1 74 11.7
P2 7.2 11.6
P3 2.2 5.1
P4 6.0 13.7
P5 0.6 1.5
P6 3.1 10.2
P7 1.5 17.0
P8 20.1 20.6
P9 44 12.6
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) WRETE CVDALOR H3haHel o4
2 el 2P AR Wb $& PRI Ag $45]

3 e %
g517] sl o Lhe Fele] ikl et

(i) S8 WY 4 G AL AP0 A4S ol Aol
o, ) A A4E S ol AgAne) B
Ae] BEEAT AA 0 FolETh SR 2 EAlo]
Aol 457k ShpH ZoiEne BAo] ol e 497}
obd o) ARHIE (-HEE BIHES AN 1] H3E7} o]
o of27} gk

(ifi) APRFCFFARl 2ghAle ARERE W ARk AR A

o

=3

Y
=

43ko
At A}x}umw%

H1
S
o
K o
il o
s Mo
[
5=}
>~

AR oA =
S 1o
o 17 g
J
H1
rir
N
£y
rO| OJ o
5\9
- to
DO
(Sx}
<
Fu
L
)
xL
_v_

f
Ko
o°|’
=

o]
2
ol

o) 47 %‘?:J%‘OHE Byt o &
s 1A 4 ek AT} hebyde,

Yo =

d

REFERENCES

[1] Kee Sool Gam, Sung Ho Yoo, Sung Min Kim, and In
Sick Lee, “Experimental method and evaluation of

-112—



Improved Interpolating Equation for Industrial Platinum Resistance Thermometer

the calibration capability for the national calibration
centers using the platinum resistance temperature
sensors”, J. Kor. Sensors Soc., vol. 14, no. 4, pp. 231-
236, 2005.

[2]1J. V. Nicholas and D. R. White, Traceable
Temperatures, 2nd Ed. John Wiley & Sons,
Chichester, pp. 206-207, 2001.

[3] H. Preston-Tomas, “The international temperature
scale of 1990 (ITS-90)”, Metrologia, vol. 27, no. 1,
pp- 3-10, 1990.

[4] ASTM Standard E 1137/E 1137M - 04, “Standard
specification for industrial platinum resistance
thermometers”, ASTM International, West
Conshohocken, PA, www.astm.org, 2004.

[SJIEC 60751 “Industrial platinum resistance
thermometers and platinum temperature sensors”,
International Electrotechnical Commission, Geneva,
2008.

|31l

[6] SF=r4td+F2 KSC 1604 “A|A] Ao} 2 =A]”, 1987.

[71JIS C 1604 “Resistance thermometer sensors”,
Japanese Standards Association, Tokyo 1997.

[8] International Recommendation OIML R 84
“Platinum, copper, and nickel resistance
thermometers (for industrial and commercial use)”,
International Organization of Legal Metrology,
Paris, 2003.

[9]1L. Crovini, A. Actis, G. Coggiola, and A. Mangano,
“Accurate thermometry by means of industrial
platinum resistance thermometers”, Measurement,
vol. 10, no. 1, pp. 31-38, 1992.

[10] P. Marcarino, P.P.M. Steur, G. Bongiovanni, and B.
Cavigioli, “ITS-90 approximation by means of non-
standard platinum resistance thermometers”, in
TEMPMEKO-2001: 8th symposium on temperature
and thermal measurement in industry and science,

Berlin, pp. 85-90, 2001.

IRt

(Inseok Yang)

~

a3t

=0
24

19999 =Y &
(o]8tAh

+ 20059 University of Chicago &2]8t
Ik Z A (0]}

* 20054 ~ = EFIE AT LEATE
AdA

o TR 1 Al
g, AL &Y

’

Zt 7] & (Kee Sool Gam)

« [A1A8}3]2] Al18d A2%, p. 121 F=]
« AR S EEIEIATY LAE <)
A

-113-

71
(=]

£ 71 (Yong—Gyoo Kim)

- RAst8] ) 4|39 ALS, p, 61 9]
- ) SRkl e LuAlE Ao AT

0| & 3| (Young Hee Lee)

JSST. Vol. 21, No. 2, 2012





