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Drift of PR Thermocouples in Long-term Creep Testing
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Synopsis:

Using more than 1 000 creep testing machines, an extensive creep testing program for National Research
Institute for Metals(NRIM), Creep Data Sheets has been conducted at NRIM since 1967. In conducting such
testing program at high temperature, an essential practice is to control the test temperature within the
required tolerance throughout the test duration. About 3400 PR (Pt/Pt.Rh) thermocouples have been
used in the long-term creep testing in the temperature range from 400 to 1 000°C up to 100 000 h.

The EMF(electromotive force) of PR thermocouples decreases with time at high temperatures. There-
fore, most of the thermocouples have been subjected to the calibration before and after the tests. Thus,
accumulation has been made on the vast amounts of calibration data on the drift of EMF of PR thermo-
couples used in creep tests. This paper describes the practice on handling and the calibration of PR
thermocouples at the Creep Testing Division of NRIM. Based on the numerous calibration data, an
empirical equation to represent the maximum drift ¥ (°C) with the temperature T (°C) and the time ¢ (h)
has been derived:

Y=—12.8+1.79(log ¢)+6.75X10~2(log t)2+1.14X10~2 T..

This equation is available for 1<Y<5°C, 450=T<900°C, and =100 000 h.

1. % =

MEo 70 —F RO 7 ) — TR BE LGN
(&) ik &KFET5. EEWR BREMZ ) - 7RO
7 ) —7HEERBREYERT I Y 0o TUL, Thbo2
WFE 7V — 7 BT 5 EREEE S TERIRT
Wb REERNT MR - BETL S ENKRYTHS. BE
DY —FTRO 7)) —FHEEERBRE T, [Tl %
ek LT, HEBED 5~100% ACHERKEY A
+0.5% R T5 &1z HBES T T&%. 2L
T, RBREORATMESEYBL CTAMLRVRD HE
BRI EAEBERL LI LD Tl

—7, RBRoREX, BF, RBRACI T oh
7o PR ¥ 70z KE&EX (JIS C 1602) Xy PIEEh 5
A, —ige, RBAFORE I —E THBEENOBES
BERABEORBE EARBADD D IIENTAS. o
X 5 BEROEMES Y, WIEBE, RE OGRS
PLEROKE LM E TS 0T, FHRENCRBREE

R ZdLbl, 70— 7 ROBEREC ) OfF
BERIFTHERRY? Ly, F—2iHiioBE AN bER
KEChDL EEL RS, Lnl, 2V —-7RO7Y
— 7RI B 5 BER 0L oW T BF O 7
— AR ENR T BY IR CREMERROHLT —
ZIXBLEAERKIRTOWREVDT, REZ LT LR
M BIE S h e RFHISL T — 2 K KR E RO X E
oY (G AV
SBIMEHEMER © 7 v — 7R (BT NRIM
LRERET %) Tik 1960 R OHEFE X H 1000 AL ED
B 7y 7 R ERXR 7 ) — 7 R Ay
T, # 40 BEOMEGE » MEESE, #9370 e -1+ %
HHECERE 10 FhEED 7 ) -7 RO 2 ) — 7HMER
BHBEAYERLTCELY. chboRBTIE, # 3400
xfo P REER (0.25 %) #{FHLCW50, FTD
EENIIRA & UTCRBROMBRICE L ofiEesy
HZELTW5.

IR T — 2 MR E A% EREE ST —

BEA 54 F 10 BASEERSCTRE WM 60 4 12 A 3 524 (Received Dec. 3, 1985)
* S BHEBHEMBIEA (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo

153)

2 LRI BEMBER Tt (National Research Institute for Metals)

— 132 —



REHz7 ) - 7RBReER L PR B 04k 1945

£2THY, Thbnb - ZOEEKMEIE R,
AHETRZH T 400~1000°C DR EHIFH CHEA 7 VY
~ 7 RB A L PRAEXN OL LI RSTRE &
AR OBRERRS DO THS.

2. NRIM (ZH(FTHEBEAEAR

21 EEDOMV—HEYF 4

70 =7 F ks ) — TR T - 2 S
BT B0y, RBRREO & HIf s OFE X
(B2 D/MIVEE) R Tinl, EHEE (R D/
IVWEE) AXLETHD. roldiix AT 5 REH
BigssRs, X v BB I oTks EREXR, B
FIEE, OV TIIEEERERIC O R, VWbW¥5 b
V=S YT 40 DL LT AZ ERNETHS.

NRIM ki) % BB © B, TERMBET
EHFERT (NRLM) © RIEEfio BHss, 1966 4 11
HXvBltdL, 948 FEEERERRE B BR—1960 45 1E
BRJ® (LLF IPTS-48 LB 3 2) OEBROHHEEHR
B> T IPTS-48 2 H/HT L, BABEIOBRY E
DR A HEL L 1.

Lal, o IPTS o@HRESHEIL % Ol &
¥ E BT L0, 1974 £ %13 IPTS-68Y ~ndksE
e by TRADHRFER & ZEL, Fig. 1 R
X ORBEEEDOHE L~ + D—DTH S B AESR
BEF (JEMIC) %#EH LU TAFK £10 2V (# 1°C)
DIEE CEFEEOFE L ZT T 5.

ek, BIERR L BEBRBKD 1 IPTS-68 (FrE
BWTUL 1973 58 AL IE L2 51Kk,
NRIM i3\~ Cik 1974 29 B 1 B BFFLE) T
HHH, COBREERY ~BEIhLHICRBRCEFL
RO RBR TR D IPTS-48 REHB D R EfH L
T—B#fEx b3,

2:2 REHOFEHAERE

7 ) = 7R OEEYRET S o, PR BER
O PEREREL, 79 — 7 RBH O KECHERO0.12mm
D=7 n s (JIS G 2520 NCHW 1, Bf ki) o
hOUF, DRBGEPN RERBGE DO Bst o FE A
Qtedd, IBICFDO LR 7 ANA O (JIS R 3450,
AAAA R 1) TEOTWA. Fithlid5% k5L,
BEML, RBRAFORERELZRET 5 oL BHREE
BEEZ LT OREBTCER IR 50T, f#ES:
BUTw 258 HETHEY, B, EWiclopEsy
ZRT .

2-3 HERHOREAER
INBYFE A~ D BES OB AZIEE, DB T &

IPTS-68
Standard TC at
NRLM

v
Standard TC at
JEM iC

( 210pv
ip )

Standard TC at
Creep Testing
Div., NRIM

!

Comparison
»| method
(£11uv)

"Repair/ Disuse“

—{ TC before test |
Il

Yes

Creep testing
machines

....................

.....................

No

TG : Thermocouple
NRLM : National Research Laboratory of Metrology
JEMIC : Japan Electric Meters Inspection Corporation
NRIM : National Research Institute for Metals
* See table ¢4 for the reusable condition

Fig. 1. Traceability of temperature standard in
Creep Testing Division., NRIM.

D 235 Kor 265 mm (BRERA AT MELES) © 2 H
FeLTwa. Lal, RBRoBEEC X » BVEN oI
FHERRLDZ &, RBR OMOCEBICEETE 5
LI5S LAY b »— L XTI 35197
b, BEXOMBFHNOBARE () LLTixth
ZhOBATLEB O L D 30~50mm REE < 7o
T\ 5.

Fio, £thT 2400 HEBIERN & W o®, FREc
OB ENDAFEEL W CRECRET S 7%, Fig.
2 RT o, BENE I ledinT»RES (B
WBHEARE A » FIVIEE) W Xb, FHFiit=
VEL— & —D IR THEED BESE kARERERES
(1973 4 12 ALIMEL Peltier Z5R4FH L= BFLH
AEEBE ST v T) TERIE. 2L TCE DB
BENERECENET + o2 VEEF CHETE S
I5wrl, BEIEN BRELSTFCEEL V5.

7Y —7RREBER, 7)) - 7RAREEEREE

—133—



1946 g &

% 72 4 (1986) %142

Ice point

ref. junction

Pt-13%Rh _ _ v 777 _Cu wires
Pt 1§ L N J]DVM |
Cr ' .
es(";;%cimen g 1 g _I_ Relay L\/_i
Pt-13°%Rh T
Temp.
) monitor
[¢ system
[ Fig. 2. Temperature measure-
DVM : Digital voltmeter . o . . .
. Pt Temp ment circuit in Creep Testing
Furnace Pt13%Rh | \ecorder | Division, NRIM.
Table 1. Target of temperature control in creep - -
testing. Callljrsabslulag at
Allowable l
Temperature NRIM/CDS test program r
range in JIS Calibration at
() (V) () () Ag point
<450 +15 +1.4 +3
451~600 +16 +1.4 = ryear Yes
601~640 +22 +L9 +4 since cglibrated
641~800 +24 +2.0 = INo
801~870 +36 +2.9
871~1080 *39 +2.9 *6 No __—used ~.
20times
>1081 +42 +3.1 -
Yes
Calibration at
L, 1978 251z 1 B 2EHIE LTWw5b. ¥Rk Ag point

HORER, RERSEEC X ABHE S RERES
A Y /VEHEY OBIEK Xy Table 1 wRIRREEH
Ho BEE, TihbbeBMEOFEEZ7 ) 7RO 27 Y
— 7RI B 5 AR T RS JIS Z 2271 R»
Z 2272) oFREEO 1/2 ©RX%, REOFHEN
FRELDIIEBIIL TS,

3. BEWOKIERE

3-1 KEEORE

SBEMEOBIRE 7 vV - SRR 7 ) — FHERBR
Bi4 % AT ERKORE (JIS Z 2271 Kot 2272)
IhiE, BB, ARPECESHERED 2fECH
7z, Table 1 ©iRTHAREAAT, —Fr>—ELM
BMINDZ ENBERIRTNS.

Lo 5T ASTME 220 12 & 5 &, HBHER X %8
B OBER L TiE £ (0.3~0.5) °C DRSNS T
X50TC, —WREREL L CEREC XS BB EDEFT
Sl BEI A AT IE, ERE LT REER O TR
EEYFECARCHERTHAENOKRERE X, ThZt
NOKIEAT » 7ERT BRBET b b—REEDER
B X 2 RIERE +2¢V, ZREEOHERC X 5%
EkE £5pV, RBRFERTIRAESOKERE +£5
eV ERLT VELRL=2TpV THDH. —7,
JEMIC ch#Ec X b BED B0 ShicEEsERy

. " . N o
Syriga e,

Yes [[E_e—pair

Use for
calibration

]

Fig. 3. Control chart of standard thermocouples.
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Table 2. Calibration cycle of standards and
measuring instruments.

Measuring . .
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Stendard gng year i)r when
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thermocouple 0~1100C | 4 hecomes *10 4V
greater than 0.2°C

Standard cell 1.01817 V
(in airbath) (at 30°C) One year +10 4V
Potentiometer 10 mV One year + 24V
Digital voltmeter 10 mV One year + 5 4V
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Fig. 6. Distribution of EMF deviations at four
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Fig. 7. Calibration drift versus duration of
creep test for PR thermocouples used in single
machines at various temperatures.
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Table 4. Allowable testing times to exchange PR thermocouples.

Test temperature (‘C) 400 450 500 550 600 650
Time to exchange (h) 70 000 70 000 25 000 5000 3000 1500

o Y=—-12.841.79(log t) +6.75x10-2(log )2

[,
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Fig. 8. Temperature dependence of calibration
drift in 10000 h.
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Fig. 10. Calculated maximum drift versus dura-
tion of creep test at various temperatures.
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