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Evaluation of Uncertainty in Thermal Expansivity Measurements

Naofumi Yamada

(Received September 20, 2001; Accepted October 31, 2001)

Evaluating the uncertainty of the result of a measurement of a physical quantity is very
effective to the improvement of the measurement technique. The new expression of uncertainty
in measurements has been established to standardize the expression of error evaluation on
measurement results. In this text, the sources of uncertainty on thermal expansion measurement
techniques by using a pushrod dilatometer and a laser interferometric dilatometer were classified
and the uncertainty of the result in the linear thermal expansivity measurements was presented
according to the guide of the expression of uncertainty.
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* Modelling the measurement

- Estimating components of uncertainty
{
| - Evaluating standard uncertainty |
{
| « Determining combined standard uncertainty |

l

+ Determining expanded uncertainty

+ Choosing a coverage factor
l

- Reporting uncertainty

Fig.1 Procedure of the expression of uncertainty in
measurement.
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Fig.2 Schematic diagram of a pushrod dilatometer.
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Table 1 Input estimate in a measurements using a
pushrod dilatometer.

Input quantities Input estimates units
ORrs 8.55x 1006 Kol
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Table 2 Error budget sheet in a measurements using a pushrod dilatometer.

Standard uncertainty

Terms Terms (detail) ux) (units) Effect on ax (Ko1) Type
Reference sample Uncertainty of reference value u(ars) O 5.8E008 Kot 5.8E0 08 B
Reference sample Estimation of dars u(dars) O 8.1EDN 09 Kot 8.1E0 13 B
Temperature measurement Determination of oT u(dT) O 1.6E001 K 4.2E0 13 A
Temperature measurement Reproducibility u(0T*) O 1.2E002 K 5.5E0 09 A

Resolution of detector u(ALmx) O 8.2E0 10 m 3.3E0 09 B
Displacement measurement Repeatability 1.5E009 m 6.0E0 09 A
Reproducibility 3.0E009 m 1.2E0 08 A
Resolution of detector u(AL™ks) O 8.2E009 m 3.3E0 08 B
Displacement measurement Repeatability 1.5E009 m 6.0E0 09 A
Reproducibility 3.0E009 m 1.2E0 08 A
Sensitivity of L - measurement Linearity u(s) o 1.2E003 | 5.4E0 10 A
Accuracy of linear gauge u(lxo) O 1.2E006 m 2.1E0 10 B
Measurement of Lxo Resolution of linear gauge 29E007 m 5.2E011 B
Uncertainty of sample temperature 23E007 m 4.1E011 B
Measurement of Leso Accuracy of linear gauge u(Lrso) O 1.2E006 m 0.0E0 00 B
Resolution of linear gauge 29E007 m 0.0E0 00 B
Environment Fluctuation of room temperature u(Ae) O 1.2E009 m 4.6E0 09 A
Sample X Determination of ax u(dax) O 1.4E008 Kot 1.4E0 12 B
Combined standard uncertainty : uc(ax)d 7.0E0 08
Expand Uncertainty (Coverage Factor; kO 2) : UDO kuc(ax)d 1.4E0 07
Relative expand uncertainty O 3.4%
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}_4’ gooooo
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Table 3 Input estimate in @ measurements using a laser
interferometric dilatometer.

Input quantities Input estimates units
A 6.32991x 1007 m
oA 0 m
n 10(4.5x 1008) [
on 0 |
oT 0.5 K

oT* 5x 1003 K
Ag 32.423 rad
Ao 0 rad
Lo 2x 1002 m
dax 0 Kot
AT 10 K

000O0O0oo0oo
00 0 00000000000000
0000500000000000000X000000
000000000000000000000000 Table
300000Table 30000000000 A@,00000
000000000000ToAT/200000000000
00000000000
00 0 000000000000000
0A0008A 0000000000
0000000000HeNeOOOOOOAND0O0000
632.991 nmO00000000000000000000
00000000000000000000000000
0000000000000000000000ADOO
SA00000000000u(A)000000 u(dA)000
00000ADDO0OO00O0000008A000000
000000000000 uA)0 w(éHO0000000
0000000000D00000000000000¢ 2
MHzOOOOOOOODO05MHz 0™ 000000000
00000000+ 02000000

u(A)d u(dN o

\/( 2¢10°. 632991 10° 9)2D ((0.5< 109+ 0.2_ 632991 1079

V3 4736x 1012 V3 473.6¢ 1012
= 1.5x 10915 (m) (28)
goooo

Ond006n0OO0OOCODOCOODODO
0oOnO00O0QODODOSNOOUODODODOOOOO

goooooboooooooooOoobooooooooooo

gooooboooooooobooboooooooooboooo
goooooobooboooooooobooooooooooo

Netsu Sokutei 290 2002002

goooooboooooooobboooooooooooo
gooooboooooooboooboboooooooooooo
000o00000000000000100 Pal)d0 Hed
goooooboooooooboobboooooooobooo
goooooooooboobOs 50 PAOOOOOOOO
goo0oooobood+x10%000000

1.75x 1008
unyo =277 = 1.0x 1008
V3

u(dn)0 10x 1008x 0.10 1.0x 1009  (29)

goooo
goérooooér*opooUuOooOonO

gooooooOooooooooseTOOOOOOOOO
gooooobooooooooooboboooooooooo
gooooboooooboobOboOooooooobooo
goooooooeTOOOOOOOOOOOODOOODOO
ooooooOoooooooooboooooooooooo
goooooooeTOOOOOOOOOOOODODOOO
goooooooooooo.csopdboooooooooo
ooopoooooooo3pbiooooooOooooedT
goooooalapobonOoono

u(8t)0V0.0520(0.032x 2)00.12 = 0.12 (K)  (30)

0O00o0éT™ 00000 éTOOO 45005000550 0O 0O
goooooooooooooooDoooOgdarsOd
oooooooo

u(8T*)0 0.014x 0.12x 10 = 0.017 (K) (31)

oooooo
0Ap,000A@,0000000000

000A¢r000D0D000D0000000000000
000000000000000000000000ATO
00000000000000000000000000
0000000000000 0 1.75% 1002rad)d 000
00000000005nmO 1 nn00 1.98% 10-2, 3.96x
1002rad)0 0000000000000 2 0 7.92x
1002rad)0 0000

u(Aen)O

8.75 1003\
P (1.98x 1072)2(3.96x 1072)20(7.92 1002)2
3

= 9.1x 1002 (rad) (32)
0000Ae,00000000000000000000

goooooboobooooobooboboOooooooooooo
ooooo



gooo

Table 4 Error budget sheet in a measurements using a laser interferometric dilatometer.

Standard uncertainty Effect on

Terms Terms (detail) ux) (units) ax (K21) Type
Wavelength (He-Ne Laser) Absolute value of wavelength u(A) 0 15E015 m 10E014 B
Correction of the Refractive Index Reproducibility u (n) 0 4.0E0O08 | 16E013 A

Long-term stability u(dA) O 15E015 m 99EO15 B
Wavelength (He-Ne Laser) .
Effect of room temperature fluctuation 77E017 m 50EC016 B
Correction of the Refractive Index Change with temperature changing u(dén) O 4.0E010 I 16E015 B
Resolution of fringe detector u(Aps) O 5.1E003 rad 6.4E010 A
. o Linearity 20E0O02 rad 25E009 A
Fringe Determination o
Long-term stability 40E002 rad 5.0E009 A
Reproducibility 79E002 rad 10ECO08 A
Fringe Determination Resolution of fringe detector u(Aps) O 5.1E0O03 rad 6.4E010 A
. Length measurement u(Lop O 12E006 m 24E010 B
Specimen Length at room temperature . ) .
Uncertainty in temperture of specimen 89ED08 m 18E011 B
Temperature calibration of thermometer u(dT) o0 B50OEDO02 K O0.0E0DO00 B
Temperature Calibration Stability in temperature measurements 44E002 K 00EC00 B
Reproducibility of the temperature of specimen 20E001 K 0.0ECO00 A
Temperature Calibration Reproducibility of the temperature of specimenu (6T *) O 21E003 K 86E010 B
Sample X Determination of ax u(dax) 0O 14E008 Kot 70E010 B
Combined standard uncertainty : uc(ax)0 1.2E0 08
Expand Uncertainty (Coverage Factor; k0 2) : UD kuc(ax)d  2.3E0 08
Relative expand uncertaintytl  0.56 %
goboooO0o0ooooobo0ooooooooogoooooD
8.75x 1003
u(Aps)D ——— = 5.1x 1093 (rad) (33) ooooo
3
00 0 oobbbooooboboooo
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OLXOOooOoooooo
LXcO 2000000000000 00000000DO
gooo

J(SX 10ﬂ7r (2x 10r6f
U(Lxo)O O =1.2x 1006 (m) (34)
V3 V3

ooo
OdaxOOOOOOODOOO

Sax OATOOODO axODOOOODODODOOOOODOdax
O5x 100e0000000000O000COO

2.5x 1008

u(dax)O
(dax) ‘s

01.4x 1008 (Kot (35)
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ax 0 4.081x 1006 (Kot (36)

0Dooooo
00 0 00000000000

0D000000000000000000000000
0D00000000Table4d 0000000000000
00000000 u(y)00

ue(ax)0 1.2x 1008 (K01 (37)
0ooo
00 0 000000000
000000000ko20000
U D kue(ax)d 2.3x 1008 (K01) (38)
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