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Development of the Remote-controlled Electrical

Resistance Measurement Apparatus

*
Taiji HOSHIYA, Fumiki TAKADA, Minoru KIZAKI, Shoji DEN
Kenji SUDO, Atsushi SAKAKURA and Yoshinori ICHTHASHI

Department of JMTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashi-Ibaraki-gun, Ibaraki-ken
(Received November 13, 1989)

It is indispensable to the practical use of a shape memory alloy in
a nuclear engineering technology field that the transformation and de-
formation behavior of that alloy under irradiation, which has superior
functional characteristics to a common structural material, is clarified
from the metallurgical viewpoint of the irradiation effect. Few studies,
however, have been reported on the irradiated materials with phase trans-
formation, because the remote-controlled apparatus with a variable—;em—
perature controll has not yet been developed for the measurement of
physical properties such as transformation properties of irradiated
materials. Thus, a remote-controlled electrical resistance measurement
apparatus with a variable-temperature controll:-has first been developed
to understand changes in transformation characteristics of shape memory
élloys after irradiation. Then, both isochronal and isothermal annealing
experiments (post-irradiation experiments) have been carried out for
irradiated Ti-Ni shape memory alloys intimately associated with shape
recovery capabilities by using this apparatus.

Form in-service testing results of this apparatus, it was shown
that from the view point of the handling or reliability of the apparatus,
a temperature controll method using the simple specimen-driving system

was best suited for the remote-controlled measurement on physical pro-

* TRIE KOKEN Co., Ltd.
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perties of specimens, because of no use cf semi-conductors or temperature
sensors tc be highly sensitive to gamma ray irradiation and that it was
applicable to other remote-controlled apparatuses. And thus, experimen-
tal results were obtained from electrical resistance measurements that
electrical resistances of irradiated shape memory alleys markedly changed
during neutron irradiation and revealed the negative temperature depend-
ence and that those alloys are very sensitive to the neutron irradiation
and that they have the damage-restoration effect. Furthermore, it makes
clear that the newly developped remote-controlled electrical resistance
measurement is quite a simple measuring method and can be used for the
study of phase transformation materials to be associated with the struc-
ture-sensitivity, which are inclined to be influenced by neutron irradia-

tion.

Keywords: Shape Memory Alloy, Ti-Ni, Electrical Resistance, Remote-
controlled Measurement, Isothermal Annealing, Isochronal
Annealing, Neutron Irradiation, Damage-restoration Effect,

Structure Sensitive
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Fig. 2.1 Changes in electrical resistances of Ti-Ni shape memory

alloys
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O REDUCTION GEAR
55

SUPPORTING SCREW

DRIVING ROD (UP AND DOWN) e
. DRIVING HOLDER (UP AND DOWN)

BACK-UP HOLDER
\ SPACER (HEAT- INSULATING MATERIALS
REPLACING VALVE (He)
TABLE FOR OPERATION (SUS) i
— {
W
OO N // gé SN NNV
yd
HEATER
THERMAL SHIELDING PLATE
EM — 100 Wx 2)
i SPEC IMEN
; ]
| N LN:; INLET
N OQUTLET

EVACUATING VALVE

THERMAL SHIELDING
PLATES

SCHEMATIC DRAWING OF THE REMOTE- CONTROLLED
ELECTRICAL ’RESISTIVITY MEASUREMENT APPARATUS

Fig. 4.1 Schematic drawing of the remote-controlled electrical
resistance measurement apparatus
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Fig, 4.2 Construction of the electrical resistance measurement

apparatus
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Fig. 4.3 External view of a driving device for
moving a specimen
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Fig. 4.4 External view of the controller panel to
control a driving device for moving a
specimen
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Attachment to the
Up and Down Stand

Supporting Ring

Pressure and Vacuum
Tight Cover

Opening of the Dual
Vessel

Spacer

Specimen Retainer

Lead Wire

Thermocouple (0.5mm 8 )

Fig. 4.5 OQutline of an up and down driving rod
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-Remote-Controlled Manipulation
Required Lengths of Lead Wires

for Welding : 10cm

> Horizonta! Support of a Specimen
-Sliding Scheme of Supporting
Tube
- Thermocouple :
-Lead Wire

0.5¢
. 0.2

Thermocouple

Lead Wi L
oo 11

..\*Q%:4=%%Z//===—

Front of the Up and Down Rod

Sheathing Tube

Supporting Tube

l

!
/l

)

Sliding Direction
(Up and Down)

N

S N

Specimen

Fig. 4.6 Details of a specimen retainer
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Configuration of a Specimen and

the Up and Down Rod

780

|
il
WA

{Up and Down Rod Joint)

Attachment to the Up and Down Stend

580

A
~
')

290

fj Operation Table

A
/: I

e
' i 7
Upper Cover /1 |l 1 &
Plate P g’
Nl
R o Position Initial Set | Start(Finish} | Return
! o
i ‘ I & Up and Down A 3 ¢
e ™ Rod Joint
Sott - ! i r Specimen N B’ ¢’
ottom of the iA: C
Dual Vessel 77777 g

g 70

Fig. 4.7 Configuration of a test specimen and the up and down

driving rod



JAERI-M 85-205

Driving Device of a Specimen

1550

Distance between Celling of a Cell and Operation Table

Position Initial Set ! Start (Finish) | Return
Up and Down
Rod Joint A B ¢
Ceiling of a Cell )
Connections to the Motor
Upper Bearing
Lead Screw EE Linear Motion Type
Nut Bearing
| Up and Down Stand
A [ ]E L— Supporting Column
N
Supporting Guide
Up and Down Rod for Linear .Motion
B Type Bearing
A
o
©
P
o I .
o C mi Lower Bearing
o L]
(o)
o 4 Supporting Base it/
1 y«”/////7 ! H§F
E : P Operation Table

Y Dual Vessel

Remarks
Used Motor : 60W, 1:20, 100V

Reduction Gear : /50

Fig. 4.8 Detail drawing of the driving device for moving

a specimen
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Up and Down Rod

Details of a Joint

Wnnector

Joint

Protection Tube ’
/Supporting Ring @

et Pressure and Vacuum
S AL Tight Cover ~ Details of Supporting
© /EPUCJ [ 71 Part of a Specimen
T ! \
b Protection Tube
§ T/ ~_Supporting Tube
| Supporting Part of / Sliding Tube
; /oSpecEmen S50l L
} Specimen l i_ﬂ;;f()pening to pull Lead Wires out
] \ Opening to pull Thermocouples out
e $40
V] C:—"
il " w
Mo _[—\—/::'A/I 1= ol
Grip (x 4)

Square Screw P4

(at spaces of an angle’
of every 90 degrees,

98
# 108

Supporting Ring (Used Material @ AL )

Fig. 4.9 Detail drawing of the up and down driving rod
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Up and Down Stand ( for setting the Up and Down Rod )

e

1 B

4 “
! A h
!y 1y
Ly [
oy Y !
N M b1

N //

-
-

Fan)
AN

|
\
4 v i
R B e pugon | - I
r Ly r
{F— \ / ‘S
R r

\
AN

Fig. 4,10 Detail drawing of the up and down stand supporting
the driving rod
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Pressure and Vacuum Tight Cover

od
N
O ring
r/| Pressure and Vacuum Tight Cover
S /
: -l Heat - Insulating Material
[z
Hk; Spacer
o il
~ o i
fo] :;lli‘,
P h Protection Tube

¢ 70

Fig. 4.11 Schematic drawing of the pressure and vacuum tight
cover



JAERI-M 89-205

aisydsoule

WNTIdY YITM TISS9A Tenp ® Ul UOTINGTIISIP ainjeaadwsy 774y *914

D, / 135$3A |pn@ D ul ainypiadwa]
0G| 00} 0g 0 0G- 001|- 0G1- 00¢-

_ _ T _ T 00% -
%061 = | 2061 - | HwiT JanoT -
%0GH+ | 2,061 + | Hwyy Jeddp ’ m
U3 J8ljy | Y} sly uaw|oadg —
ain)pjadwa) 3|qouipyiy | b JO UoljISod 100&- 3

(¥p]
+4002- ?
5
S
| Jooi- S
(——) [3ss3p [DNQ
PIIL4 °NT D Ul 49 Jayyp uolnqLyslq ainypiaduia]
(—) 185537 |pNQ ~
Pajii4 N7 D ul Y} J3}D UOIINGINSIG aunipiadwa) w
0

( hwry Jseddn)

oy} woi) uswioads D Jo dupisig  buiaug



JAERI-M 89-205

2uTYOPW BUTPTem peIT0IjUCD-3I0WRI B JO QUETINY (1'% "314

poy umoq pup dn
ayl Joj aqn| Buijioddng

( @p014109}] JamoT)
uswiosadg o buipjoy o} bip

{ ¢ G0)3jdnosowiay ]

uawioads pup apeiloall usamlaq
9.Nnssaid 100ju0?) 8y} bunsnipy 1o} maiog

S-MOb 91iM PDIT
Lwo/6% g 7y
S-MOZ ajdnoooway |
T reTrre 3p04}38{3 D D bulplam
mco“%%ﬁ__w anssald Jooguop| o) ABusu3 311 Buipiam
suolllpuoy buipjam o
uawioads o buipioy 10} bip
SUOILIPUOY AJlawoag Jo juawisnlpy o
PDaH mc_.n_mz, S-M00¢

9p0J1d313 yum Uyl bBuipiam JodS o



JAERI-M 89-205

JULAWAINS eI

J0UB]STSHI TEOTAIDD[D aY] 10J sudwideds jo suofsuswyq +H[*y -IT4
0°GG
Ov!
Yl s00507]|™ 061
IS
41 o 4l
o
B SR EX
O
ad e
4G AA
Soipd
Juawioad] Buiysiung (ysbus) abndb) 0z}



JAERI-M 89205

5. WIRIEERELAIKHIAERE 2 H - TRLILCHR

5.1 FEHREESSOTMFEIES

TiNi BR2IES SR, THREEORBRICEVLTHEE (B28l+-27+4 M) »SERE
(R~ T v 4 b)) CERES BB, RESUNEED CEDBHSNTVS (BERBOEE
RREREAEMNE D) . BREFAIETIAOTHERERESOEEREEZHLEE, BEHOGS
TEHE SN B[N EL O EEERUBEREROBICE SHEELOPBRERD -
W RENEE S LS, BREIEOBAMET OSBRI BRI L 221, EFLED
AR T 4 FEEFEEE (M, £) THO, ~—20BEJEN & BT K4 LEEN
T v FPERERTEE (M £) Th 4, EIEAER, raEETNMET (DSC) & &
B U e O R « IREUEAIE St L, EEREEORELANC, b BT EED
FAFMEAETS S, B5.1 2 IERH O TiNi ERidESS GBI oliking(l Ts
2, EEETEHMCESERRZETT 20D FOBEREHART I EMNFHRTHD, REE
FER ORI TR L AR ESRE N T 2R T - s SBESN S, /0, RE LR
CIREIREIC, WERE AR EICHN T AN SRS C— v bR LS. MTHE, TIiNI &80
NijBEA NS A— 7T & TRLTWAA, Ni EBEOREINE LI, TEHMGERERET L,

Ti —510at % Ni 30K TR 10 KiFfETH 5 ¢ LAkl 4, EBE T1Ni RIZES20ORM
HAOBSIERF LR 5.2 TR, 2R EOERMEIN LD, 6.1 D0ER{CLEM
EHEE A E 497, 490at B NI AR TREERESERC LIV T L, 503, 510 at %
Ni T, ERBopEslmEcREbh, FEEES LR LTV S, JOHEAF, & Ni
SZETHAH0at BN DIESCELAEL, 100KH5 250 KE T 150 KELED ERIRC
15T 5,

& 5.3 RO 5442 TiNi BIRZIESS % EH AR IMTRICEO TR TR LR T, =

o A R S T £ L TB S FAIE L 72 6 DTH B
TR D, (> 1MeV) © 8x10%/m?
Dy (<0883 eV) : 3x10% ' m®
HA i i 33K
THb,

M 5.3 (B ApAEV T, 5.4 GERHAEEM S LTy S, BRI L O BRI
KRECEL, PEAOBRIENAEORICRONS ZH74, BEML TN EECERETRIEMNT
BEVIADEREKENEATLTVA, ZHiE, TiNi BREEESEVPEFRI O LERT
Ho, BEICLD, SHCERBBESTR L CLCHLLTHS,

COERBEOLML THHRRE, BB THHMESCcisz0BREZRITSVTOHES
NTHY, T LB URE B CHESAT VW 2EBRERTHETHINIBE O
W, 553 AEOEM, BN, ST, BHM o EEREORTTRICBI AR A7) 1
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5.2 EHERESEORFEREIRMER

WIS A PR O T 091d, AR K5 At FRSic & 0 JREIDE IC B S 30 77 s & ks
L EFESOLIRGEESSEL SO LS BEF Mo Bid, BREESEZE AR &H
TEMNAREEL L ADERDEZLETHY, EVEZNE, BHRESET TOREBERTHICE
mA, FREESREYOBATIHOOREEEARB L LiTH S,

EREMH AR S5 RT, Ti —49.7, 499, 503, 51.0at % Ni O 4 BHEHO TiINIi 2% 5
WHETEEFCCERL, 123K THMRE, ABEEL &, UM L0 ImmEsD
R AT DI Ui, 2o oEfig, 1273 K, 3.6 ks OB (LA DHIIC, 673K, 386
ks DOEEhMAE AT, AKokduiclE S Adl/c, EETEEE IMTR KL TU TORBEEHFDO T
TEMEL .

BT 70z v R @, (>1MeV) @ 47 x 102,/ m?
@, (< 0.683eV): 2.9 x 10, /'m?
gtk 7 v xr v AR ¢ (C>1MeV) @ 28x10"7m’+s
¢, (<0683eV): LT x 108, m?es
BHRE 323K

#5142, Ti=499 at % Ni, Ti—503at % Ni &k 20T 473 K M08 523 K T 81 %58
HEsh L - B ORESTOSE — B T H B, MEHEE, Ti —499at % Ni 2EHC 50 TAT3 K TERHEs L
b & % DB S GURS LA R 5.6 1Ry B DL O R TR L R 2, il
Hfommeitic B LY 5, $/0, SXUEBNMIRRERSBER 2R~ cEmsE1s o £l
L, 216ks =0 6BEBICE, 313, FRHOBIIBIHMHEIMRCE S L0 5, B UM
ROFEE A 523 K THiRsesh L /od 2 0B RBMRHEN 2K 6.7 KR d, CDRE |HREN
BRI 7.2 ks (2B3) B THIEBHOEFN LT A0, 6REERICE, FTREEEGIZL
A, EBREOTERMBREECERII DL, HIMEEA 473 p 5 023K 10785 LERSED
g 28Eh (3 & S gt S, BEHHc L SIEFEE 2 RFa e SR L - BEF RS (L T a8
T X ATEFLOBEHRLE DI HEDT 5,

5.3 EHXZESSOBHEREER

BB T~/ AT R s b G0 B AREZ RO B7odic, Ti—499at ¥ Ni, Ti
—503at BNIZHEHT W TE 2 WWARTREML 293K 5 573 K TOR BRI o\ T JEHES
H 3.6 ks ( 1EERT) BOSHEMBEBTIENLELE KD & DK 5.8 (Ti —499at % NiZEH &
U599 (Ti—503at % Ni &%F) THs, Ti —499at % Ni AT, 528KH 5 543K,
F7- Ti—503at % NiZE T, 523K A5 573K % TOEREEHBSDEN TH S EH¥H 5,
5 LM siB M KR R U A R SR EBRE R o, BEIC L0E(L L TiNI 44
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Table 5.1 List of post-irradiation isothermal annealing
freatments

ANNEALING EXPERIMENTS

ISOTHERMAL ANNEALING ( 473 K, 523 K )

ANNEALING PERIOD 473 K 523 K

OF TIME

ks ( h) 49.9at% 49.9at% 50.3at%
o o) 0 0 {

0.6 (0.17) 0 0

1.8 (0.5} 0 0

3.6 (1) 0 0 0

7.2 (2) 0 0

16.8 ( 3 ) 0

4.4 (4) a

18.0 ¢ 5) 0

21.6 (6 ) 0 0 0

25.2 C17) 0

36.0 € 10) 0 0

43.2 (12) 0
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Table 5.2 List of post-irradiation isochromnal annealing

treatments

ISOCHRONAL ANNEALING € 3.6 ks ( 1 h ))

ANNEALING TEMPERATURE

N1I-CONTENT

( K) 49,.9at% 51.0at%
293 0 0
473 0 0
523 0 0
543 0
573 0 0




(Relative)

Electrical
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Resistivity

!
non-irradiated

12r3K W X/at%=49.7

s 499

50.3

51.0
iIJ!Iil;lLlwllixLlelLlfJIIIiil
100 200 300 400

Temperature / K

Fig, 5.1 Changes in electrical resistances of unirradiated Ti-Ni
shape memory alloys {solution treated)
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Temperature / K
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non - irradiated |
673K WQ.
X/at%=49.7
Ms 499
50.3
|
|
51.0
Il[li1I1JI1IIE1\1LI\]IEII\IIl
100 200 300 400

Fig. 5.2 Changes in electrical resistances of unirradiated Ti-Ni
shape memory alleoys (aging treated)
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1273k W.a g, 35100/t

ds 8ix‘1023 n/mv

X/at %Ni=49.7

51.0

I AN I B I R Loy | !

100 200 300 400
Temperature / K

Fig. 5.3 Changes in electrical resistances of irradiated Ti-Ni
shape memory alloys (solution treated)
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irradiated 24 )
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|

¢
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[ S | | N I

100 200

30

O 400

Temperature / K

Fig. 5.4 Changes in electrical resistances of irradiated Ti-Ni
shape memory alloys (aging treated)




JAERI-M 89-205

EXPERIMENTAL PROCEDURES

HOMOGENIZATION
AGING

JMTR (50MW)
323 K 1.7 Ms
(19 d)

HOT LABORATORY

HIGH FREQUENCY
VACUUM .
MELTING

1

HOT FORGING

4

HOT ROLLING

CUTTING

3

HEAT
TREATMENT

NEUTRON
IRRADIATION

]

POST-IRRADIATION
EXAMINATION

Ti-49.7at%Ni
T1-49.9at%Ni
T[ 50 3at%Ni

1.0at9%Ni

1123 K

Dip -
D 4.7X10% /m?

D+

S 1.7X10"%/mAs
1 2.8X10" /m%s

2.9%10%% /m?

ELECTRICAL
RESISTIVITY
MEASUREMENTS

Fig. 5.5 Experimental procedures

1

TENSILE
TESTS

) (

HARDNESS
TESTS




JAERI-M 89-205

l[iIJiJi[iiilil[l’|[i[iili|1[l}

ISOTHERMAL ANNEALING

Ti — 49.9 at%Ni

473 K F.C.

ANNEALING TIME/ks(h)=0

o
=
©
>
-
-
=
5
K%
a
-
I3
2
©
@
Ll

ll[l}_l1L|!11Illl|£I \|u||11|11

100 150 200 250 300 350 400

Temperature / K

Fig. 5.6 1Isothermal annealing experimental results of irradiated
Ti-49.9at#%Ni alloys
{annealing temperature: 473K)
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Fig. 5.8 Isochronal annealing experimental results of irradiated
Ti-49.9at%Ni alloys
(annealing period of time: 3.b6ks)
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measurements

Qutline of the subroutine program for
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Table 6.2 (continued)
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Table 6.4 Outline of the subroutine program for
analyzing data '
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Table 6.5 Lists of error messages
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Table 6.5 (continued)
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Fig. 6.6 (continued)
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Fig. 6.7 Schematic drawings of an improved contreller for
resistivity measurement
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T ey
NEC N8B BASIC(8&) version 3.0
Copyright 1986 by Tokyo Industries,INC./NaokirKato
Program is Thermatronic Measuring System
HEegZToRBF, 7LD Ly}
Juvyy¥y—oaf, X211, 2, 3ot w b
TNy —DRE, N—"N— A TUNTDEY L
FsA4 728, F=-9YBF«Ary Dy}
Fs4710, MTT7uySAF«XA vy oty b
5 Foa4718, BUeE7ayILF Ay b BATHEI &0 !
HEDRBRIELTAET L.,
BRESF TREEL=Y Y- % —
,
*xXx XXX B ON O g M W F T OV T L OXxXxE:XE 86/707/16

-V ETRUOF—LTUEBEEEFLRZEL

[ Ll

@2 g (JoyE=77]

s

EIF=UF5F -2 F—

Fig. 6.10 Displayed examples of the menu-selection program on CRT
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#t x -
H=VALEUENANHETYT (BEEFTE) b=/ BE=V =2 % —
[5 T [rﬂb/ﬂ?.’]ﬁ B AN
=3 B e:Za:1 SR AN
i E o ‘JN'Ka:o i 10X TN
77 AN A 17-001 B XFELURN
M 2 B X 2 - RiE=1 - RIE =2
oR Bl % llex-TP 1 0XFLUR
X H O E ® 1 EF H=1 ol B =2
1 ¥ i 4,000 {mm)
1 & i 0.700 (mm?
2 = & (mm)
| & B B ¥ 14.900 {mm?)
[ - 7000.000 (mA)D
’ T Ve C 2 C C=1 C R C =12
ho A ~ b system [est | 30XFELA
lowx & ex [ 7 T
PO MH Em 250 (* )
| A 588 T I~  BAA=DEL#:= ZT=y%—u&—
' ~
FErx XX xx WOV O H O O W O 7T ¥y s oL Xk kR XX 86/07/18
H o x £ b ¢
MHEERMBLIEY ET—-FV—0BBTA v FEARLTFIL SwE=f«10F—
HAHECHENRE &0 ‘' C
Return
' i
HMETHM- 26tsec ) BRAIEE=  So.4(°CIEEES 3BT u QIF T — F 86707716
5000.0000-
i
£500.0000-
]
4000.0000L
!
3500.0000%
[
3060.0000+
2500.00004
Cu Q) !
2000.0000--
1500.00004-
1000.00004
500.0000+
0.0000+ . + + : + + + +
-200 -14C (Tems °C} 0O 100 200 250
End
Fig. 6.11 Displayed examples of the measuring program on CRT
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Fig. 6.11 (continued)
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f
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Fig. 6.12 Displayed examples on CRT of the recording program on
on a floppy diskette
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A=A ETET+—-—LTHAEEHFTLREDL
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#r
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23-006 U 10 23-006 D 10  24-001 U & 24-007 0 & 26-001 W7
264-001 D0 7 Zr-gor U7 27-001 o 7 1 TR 1 b1
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v

Fig. 6.13 Displayed examples of the analysing program on CRT

(upon analysing)
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Fig. 6.13 (continued)
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Fig, 6,14 Displayed examples of the analysing program on CRT
(upon printing)
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Fig. 6.14 {continued)
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