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Development of Remote Operated Vibrating Sample Magnetometer
for Evaluation of Irradiation Damage
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The remote operated vibrating sample magnetometer (VSM) for neutron irradiated samples has been
developed. The maximum range of applied magnetic field is more than #0.5/py A/m, and the resolution of
magnetization is higher than 5 x10® A-m” The magnetization curves of neutron irradiated samples were
measured by this VSM, and the relationships between dose, which is one of representative irradiation
parameter, and magnetic properties such as magnetic coercive force. As result, it was revealed that there are
good correlations between them. This fact leads the possibility of nondestructive evaluation of irradiation

damage by using VSM.
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(a) Measurement unit (set in a hot cell).

(b) Control unit (set in an operation room).

Fig.1 Photograph of a remote operated VSM.
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Table 1 List of the spec of remote operated VSM.

Magnetization measurement unit

Fig. 2

Magrustic field avshuuted by nause meter 1155 Alms

Range Variable in the range form +1 X
10 to +0.2 A'm”,

Sensitivity = 5x10° A'm?
Magnetic field measurement unit
Range +0.5/py A/m
Linearity Within £2%
Sensitivity Within £2%
Electromagnet
Maximum

) =0.5 /o A/m at the center
magnetic field
Uniformity +1%/10mmDSV
Diameter of

. 55 mme
magnetic cores
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External magnetic field {1/p, A/m)
Fig. 4
measured by the developed remote operated VSM and a
normal VSM.

Comparison of magnetic loops of SUS316
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Table 2 Chemical composition of SUS316 (wt%)
C Si Mn P S Cu
0.01 | 059 | 0.84 | 0.026 | 0.003 | 0.26
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Fig. 5 Dimensions of the sample.
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Fig. 6 Magnetic curves of the neutron irradiated samples.
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Fig. 7  Relationships between dose and magnetic

properties of the neutron irradiated samples.
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Fig. 8 Relationship between coercive force and magnetic

susceptibility of the neutron irradiated samples.

B, Xz, EEERER VSM OBIE T kAR
T B0, BEEORBICOWTHIEZ Eii+h
. L0 EEEOE VBT A b L ifF s D,
F7- . mERER VSM IZFERRERIE TH D7D, H
BT —_A T AR 2R FIFRICRES Z &5
T&E5, Zhicky, Bon/RBAAETLT T v
R OLFMBIICE > CTHEH LBEEZFMHT 5 2
EMTFREIC R Y, ER—RBRA AW THRY IR LEE
fiTsdz&T, MEHIERTAIEb & HEHL
BEEORBECEITET 2 2 L NFREICR D,

5. #&

FAF A ORIE S FTRe iR RN VSM 2B %
L. B0 L7-, MERERERRRBRE M L7/ R, ko
MREA B L TWAZ L AR LT,

XHIz, WHBE TRR-3 & AV CHIRRS £ 72 i3E 2
AR A EM L7- SUS316 OB . =R
R VSM IC X D HIE L, &bz SRR &
XHLEGEOBRERT Lz, ZO/RR. K 2 dpa
¥ COERR BRIV T, BRI W TS
HUBEBEICHE S AR RE(LITFED bR T2,
BEEEIMTRALIC W T E H LEEE L & bITH
MT 52 &, EFREBICHOWTIEBDT 5 2 &3
SR T, REMFOBEWC L 2FEITRD bh
Mo, €T, EREERX VSM 2 AW TEHE L 72
RERENFRA L R ORI Z DS & | o+ A~7 b
MR B TITH 2 dpa AT OB H LIBEEZ R T

X HAREMD B D,
PLEDERICESE | 1 T U AFBRA Z R
7o H LIRS EOIREEBIN 2 1R R LT, B
ENAN B L B ORE F1 D — > DORER B 2 IV CREM
T35 LT, B—OREREEE AWV L 7256 X
0 BASTEEE O\ IS FT RIS /R B E T IEREIRIE
ThHEDIC, BONRBAAKTLT 7 Fos
EOHIRICE > THE H LBEREFMT 5 2 L 3H]
BEIZR B,

ARHEDOHFIL, BRISFHHICET 5E/E (Zxrx
— SRR ER) ICHEDS S SCERI A N D ORFEF
& LT, MSIATEOE A A AR T I FEBR TS 03 52
LR 1 QEERVERK 2 0FE [REMTST b
FRETBEE BN OB ORETT,

S5 3

[1] BT, FTERREL, RILR, HSfcs . MEEE,
“ZF 2 L AEOBER LU Y — PRI RAE
T RN, BB Vol 46, No. 5 (1997)
pp.500-505.

[2] MN. Gusev, O.P. Maksimkin, O.V. Tivanova, N.S.
Silnaygina, F.A. Garner, “Correlation of yield stress and
microhardness in 08Cr16NillMo3 stainless steel
irradiated to high dose in the BN-350 fast reactor”, J.
Nucl. Mater. Vol. 359 (2006) pp.258-262.

[3] C. Pokor, Y. Brechet, P. Dubusson, J.P. Massoud, X.
Averty, “Irradiation damage in 304 and 316 stainless
steels: experimental investigation and modeling. Part IL:
Irradiation induced hardening”, J. Nucl. Mater. Vol. 326
(2004) pp.30-37.

[4] S. Takaya, Y. Nagae, K. Aoto, I. Yamagata, S. Ichikawa,
S. Konno, R. Ogawa, E. Wakai, “Nondestructive
evaluation of neutron irradiation damage on austenitic
stainless steels by measurement of magnetic flux
density”, Proc. of the 17" international conference on
nuclear engineering, Brussels, 2009, ICONE17-75215.

[5] J.T. Stanley and L.E. Hendrickson, “Ferrite formation in
neutron-irradiated austenitic stainless steel”, J. Nucl.
Mater. 80 (1979) pp.69-78.

(6] FTATE., MR (L), EHER (1978).

- 445 -



