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1. Introduction: Background (Purpose)

Energy conservation society

Reducing weight of transportation vehicles
Target: Structural materials

http://isma.jp/en/works/

Example of Multi-material Application for Vehicle Weight Reduction

• Innovative Materials
• Multi-Material

Innovative Structural 
Materials Association 
(ISMA)

AIST: Construction of a dedicated CANS for 
nondestructive analysis of structural materials
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1. Introduction: Method of measurement

232   Robin Woracek et al.  /  Physics Procedia   69  ( 2015 )  227 – 236 

        

Fig. 2. (a) Theoretical Bragg edge spectra for the Austenite and Į-Martensite phases of iron. The depicted wavelength Ȝ1 will yield a distinct 
contrast between the two phases. (b) Bragg edge transmission spectra for three different samples: The undeformed sample (VIRGIN) shows 

only Bragg edges corresponding to the Austenitic phase, while the middle of the tensile sample shows only Bragg edges corresponding to the 
Martensitic phase. The middle of torsion sample shows Bragg edges corresponding to both phases due to the nature of the strain distribution.  

Fig. 3. Tomographic reconstruction of the phase fractions for the tensile and torsion sample. The necking region of the tensile sample is fully 
transformed to Martensite. The radial dependence of the phase transformation in the torsion sample is revealed and quantified.  

2.3. Validation using neutron diffraction and EBSD 

With the aim to verify the phase transformation using alternative methods, neutron diffraction and Electron 
Backscatter Diffraction (EBSD) was performed on these samples. Neutron diffraction was carried out non-
destructively at the E3 strain scanner at HZB with the same samples at a few selected locations and results are 
shown in Fig. 4. EBSD maps were obtained for the various samples, where the un-deformed specimen sections 
yielded Kikuchi patterns of good quality consistently (>90% indexing success). The scan time to produce an EBSD 
maps as presented in Fig 5a-b was approximately 45 minutes. The un-deformed samples were mostly austenitic, 
but some martensite was shown to be present as well, which is expected in such a material. The volume fractions 
however may not have been enough to be identified by bulk neutron diffraction. Besides the phase determination, 
the grain size can be seen nicely as well as the grain orientation, also indicating only a low degree of preferred 
orientation. When investigating areas that are slightly away from the center line of the deformed samples, patches 
of martensite become apparent. The Kikuchi patterns obtained in regions of the sample that had experienced more 
strain were of less quality and could often not be indexed. For one region, presented in Fig 5c-d, a scan was 
performed at a radial distance of 2 mm from the center. In order to obtain data that could be indexed, the electron 
voltage was reduced, increasing the scan time to over 9 hours. The determined phase fractions at 2 mm (45% 

(a) (b) 

3.5. Lattice strain by Bragg-edge transmission

The 110 lattice strain obtained by Bragg-edge transmission
is shown in Fig. 8. The data number corresponds to the pixel
number in Fig. 6. Pixel No. 1 was centered !1.5 mm from the
top of the notch, pixel No. 4 is approximately 10.5 mm from
the top of the notch, and pixel No. 8 is approximately 22.5
from the top of the notch. The lattice strain of pixel No. 1
changed linearly up to 25 kN and plastic deformation occurred
above 30 kN, as shown in Fig. 8(a). The same phenomenon was
also seen in pixels No. 4 and No. 8, and plastic deformation
was observed in pixels No. 4 and No. 8 over loads of 32.5 and
40 kN, respectively. Therefore, the change in lattice strain
indicates position dependence.

Fig. 9 shows the 110 lattice strain mapping determined by
Bragg-edge transmission. A change of strain in the specimen
was clearly observed with increasing load. The strain near the
notch became larger than at other areas at 30 kN. It was
clearly observed that the lattice strain started to increase from
the positions of the notch at loads of over 30 kN. Compression
strain along the perpendicular direction was observed at
49 kN. After unloading, the compression and expansion resi-
dual strains were mixed; the expansion strain was clearly
noticed near the notch.

4. Discussion

4.1. Strain mapping by Bragg-edge transmission

Santisteban, Edwards, Fitzpatrick, Steuwer, Withers,
Daymond et al. (2002) studied the lattice strain of a bending

iron bar and a cold expanded hole in 12 mm-thick ferritic steel
using ex situ measurement of Bragg-edge transmission. For the
bending iron bar, the mapping of the lattice strain in the
plastic and elastic regions was reported, and a sine-like strain
variation across the bar was observed. For the cold expanded
hole in 12 mm-thick ferritic steel, the existing residual strain
and the strain induced by plastic deformation of the hole were
observed.

Our study indicated that a change of lattice strain is clearly
observed during tensile testing. The regions of elastic defor-
mation changed above 30 kN, as shown in Fig. 9. The plastic
deformation increased remarkably over 40 kN. After
unloading, the compression and expansion strains were mixed.
In situ measurement using Bragg-edge transmission is a
powerful tool for mapping internal lattice strain.

The change in the 110 lattice strain had position depen-
dence in the detected area, as shown in Fig. 8. It was found that
regions of elastic and plastic deformation were detected at the
same time. Of particular interest is the change between 25 and
32.5 kN, which suggested that compression and expansion of
the crystal lattice in the specimen were mixed.

Fig. 9 shows the 110 lattice strain mapping with increasing
load. The lattice strain is remarkably large near the notch at
30 kN, which indicates stress concentration around the notch.
It is clear that a change in lattice strain distribution is detected.
We expected that compression residual strain would exist in
the specimen after unloading. In fact, compression and
expansion strains remained mainly around the specimen
center and the notch.

research papers

J. Appl. Cryst. (2012). 45, 113–118 Kenji Iwase et al. " In situ lattice strain mapping during tensile loading 117

Figure 9
The 110 lattice strain mapping by Bragg-edge transmission. A change in the strain distribution was clearly observed with increasing load.
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1. Introduction: Target parameters

Neutron wavelength resolution

HUNS (coupled)
Δλ/λ〜3%

AIST
Δλ/λ〜0.6%

J-PARC BL10
Δλ/λ〜0.3%

Theoretical Bragg edge

Sim
ula
tio
n

Neutron flux

α-Iron 110 Bragg edge

・Moderator (Decoupled Solid methane) 
・Flight path length (8m)
（Δλ/λ =Δt/t）

At sample position

• 10cm×10cm beam
• 2D ND maximum counting rate 

105〜 106 cps  
（nGEM, μNID）

≧ 104〜105 n/cm2/s

Assuming 
10 % detection efficiency

Clear target parameters for AISTANS design
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1. Introduction: Main components

〜20m 〜12m
Neutron source

Neutron beamlineElectron linear 
accelerator

• Sharp pulse:
• Solid methane at 20K
• Decoupled moderator 3 cm thick

• Improvement of measurements:
• Super mirror guide tubes
• High detection efficiency

and count rate 2D detector

• Improvement of neutron flux:
• 10 kW electron beam
＝ 10 × HUNS-I

• Optimization for Bragg edge imaging:
• 100 Hz

Bragg edge imaging
dedicated CANS
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2. Current status: Electron LINAC

Frequency
Acceleration energy
Peak current
Beam pulse width
Repetition rate
Beam power

2.856 GHz
36.5 MeV
275 mA（maximum）
10 μs （maximum）
100 Hz （maximum）
10 kW (maximum)

Electron gun
(3MeV, 750W)

Accelerator
cavity 1

Accelerator
cavity 2

Accelerator 
cavity 3

Simple electron LINAC and transportation system

Neutron source
behind  concrete wall
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2. Current status: Electron LINAC

Beam transportation : Under commissioning

Japanese Patent application 2020-90685 

90 mm 

60 mm 

electron 
beam

1.4 mAccelerator vacuum duct

Electron beam

Camera

Mirror

Titanium window

OTR Neutron production 
target

Air 
(He in the future)

〜20mm
60
mm

Camera

Mirror

OTR

Titanium window Neutron production target
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2. Current status: Electron LINAC

Beam pulse data (charge) → Absolute flux spectrum evaluation

Electron beam at target
Energy： 〜40 MeV
Peak current： 〜100 mA
Pulse width：4 μs
Repetition rate：50 Hz
Power：〜1 kW

Beam pulse observed at the target
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2. Current status: Neutron source 

Cross section of the neutron source

Decoupled moderator
(Solid methane 3cmt)

Thermal neutron beam

Target

Coupled 
moderator
(Future use)
(Solid methane 
5cmt)

Boric acid resin

Concret
e

Lead
Graphite
reflector

Neutron 
source

Neutron 
beamline

Neutron 
beam

Electron 
beam

Neutron beam from solid methane moderator : 2020〜
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2. Current status: Solid methane moderator

Solid methane is produced in the neutron source.
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2. Current status: Neutron transportation

Selectable : Super mirror guide tubes or Vacuum ducts
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2. Current status: Neutron beamline

Entrance

Beam shutter light

Shutter controller
Door controller
similar to J-PARC MLF

Radiation
monitor
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3. Flux measurement: System
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3. Flux measurement: Analysis
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3. Flux measurement: Results
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4. Summary

• First thermal-cold pulsed neutron beam from the 

decoupled solid methane moderator at AISTANS

• Thermal peaks were observed at an expected neutron 
wavelength.

• Roughly in agreement between experiment and 
calculation flux spectra in absolute values

• Many Bragg edge imaging data will be provided for 

structural materials.
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