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Neutron Non-destructive Inspection for Steel Welding & Resin Form Processing. Technical Challenges Required
from inside Ibaraki Prefecture.

Satoshi Koizumi, Yohei Noda, Tomoki Maeda, Toru Minemura, Shiho Tanaka, Masatoshi Nakamura, Yuki Cho,
Ryo Yamada, Youki lida, Hideki Izunome, Hitosi Terakado, Hidenori Kojima, Hirohiko Matsuzaki

Ibaraki University, CROSS, FTEC, Hitachi Denki, Ibaraki Tekko Kogyou Union, Japan Echo Service, Japan End
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ABSTRACT

In order to promote the industry use of neutrons from inside Ibaraki prefecture, we
initiated a collaboration with the union of steel welding in Ibaraki. By using a combined
method of neutrons, i.e., radiography (NR), diffraction (ND), small-angle scattering
(SANS), which has recently developed on the iIMATERIA instrument (BL20) at MLF, J-
PARC, we examined the rod-shape ferritic steel showing plastic deformation with
necking after imposing large elongation of 20% (the diameter decreases from 14 mm to
10mm, measured by a micrometer caliper). At a position of the necking, we found as
follows, (i) along a direction normal to the rod axis, the diffraction (110) increases 400%
in intensity and decreases 0.5% in d-spacing (ii) the SANS intensity increases 400% and
(iii) the NR brightness increases 130%. These findings are attributed to the formation of
nano-cracks under a plastic deformation of ferritic steel.

Keywords: Industry, Steel welding, Imaging, Diffraction, Small-angle scattering
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Fig. 1 Schematic image of neutron beam line, J-PARC
facility and the human resources development program for
quantum beam in Ibaraki prefecture.
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Fig. 2 Schematic image of ultra-sonic-non-destructive-
inspection.
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Fig.3
between neutron and matter.

Schematic image of a variety of interactions
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Fig. 4 The image contrast for NR is given by the
difference in the total cross section for 1 and 2 domain
components with thickness d.
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Fig.5 Schematic view showing small-angle neutron
scattering (SANS) and neutron image camera (No.2) for
the iMATERIA instrument.
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Fig. 6  Picture images of the concrete by neutron

radiography (left) and photo camera (right). The white and

block parts correspond to the stone aggregate and cement

holding water, respectively.
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Fig. 7 Photos of sliding machine for a rod-shape steel,
prepared for the human resources development program
for quantum beam. A magnetic field covers a sample
position. A gauge volume (2 mm?) is defined by cone-
shape Cd shields, allocated at right and left positions.
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Fig. 8 Schematic views of sliding machine for a rod-
shape steel (orange), prepared for the human resources
development program for quantum beam; vertical
movement for ND (upper), vertical movement for SANS
(middle) and horizontal movement for ND (bottom). A
magnet (drawn by pink) and cone-shape Cd shields
(green) are allocated at right and left positions.
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Fig. 9 (upper) rod-shape ferritic steel after large plastic
deformation and (bottom) g-position, peak height and
width (standard deviation), originating from 110
diffraction observed by ND.

5 CIIEEGEL E A BGEL 2 0 L CBIIllTX 5.
FifEx (¥ 8c) &4, 4 B3Rk oEf 7,
ST 1) D[R] RF IR 23 FTHELZ 72 B

4. 5l o0k Y M O 8152
4.1. FEERRER
XD L8 (IRRE 7 = 74 Ml
SS400) % FfEMRD 4 BRERTICHI Y Lz (B
NETT, BIRREE TAT) . Z 0B A RS 5 dE D iR
Bk (PRIRUR TR AT ) & Fu T4
T2 i U 7o, SEMEZE T (AT U 7= iR DT
HlX, By 7&a— B TH o= BEEIERTTHI
SIEVRBEZ EDRBATICHOWT, FFTo KRS
Z ) XATHE L, PRICAIE T DA O
FCTHRBRANEND AR BT 5.

42, FHTEB KOV NAREL G 300D Z &
iMATERIA £ 90 EJm OHER N 7 &
FIH LT, %A 2mm O AT v 7 TRE)S
e S EIPHR10)Z BRI L. £EciEbh
7T E U ABECTREM L& OB AL E,
RS, MR A TR Lz, el L a—
) A—RZTCHRELF =AY 2—A0F 2mm? T
Hol-. BRT HHEAELZ b oL B A
DOEGEERZTHHMTHD.

KEDOFEP CTHERINTZWHEEESICBNT
110 | O FFEDS 0. 5%FEEE WA L TN s 2 & D3R
T2, (10)DEIFHBOE S GRE) 2N KIE L T
WHZENS, B ORE# L BT 5 HIMIC
(LIOMBEL LTS EEX NS, HRiE
BONTL, J0BEFICRyF LTS AR
BWTHRKL, ZOKROAMAEIZWTIE, B
LTWAZ LN TET-.

—J . BIHICEN D /ARBEL T, BB DR
BN 10 SVLLETH DL ERELIC L D B
WML C X 72U, Z O O FEM 224 8 O AT 1 2
&TDHELT, AIMEGEL (%L g=0.01 A1) DIRE

Iz
Iz

AR

CdTRY }
os

BEREO 3 B

AEQu) /wm
. ) " ; i
20
BEZ mm .
(=B ] e, ee e Steve < ERMOEE

.
104 -

0 20 w0 60 80 100
{iE x (mm)

Fig. 10 NR image (upper), brightness along a center

line (middle) and diameter of rod-shape ferritic steel
measured by a micrometer caliper.
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