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Abstract

Many of the tunnels, bridges, and other social infrastructure facilities have been more than 50 years after their
completion. The inspection technologies for the facilities are now being developed to ensure their proper maintenance
and effective utilization. In the development of Non-Destructive Testing (NDT) for reinforced concrete bridges using
high-energy X-rays, a previous study by Tokyo University using a 3.95 MeV compact X-ray source showed that thick
concrete, which is difficult to visualize in the conventional X-ray tube energy range. In this paper, we report on the
development of a practical use compact 3.95 MeV X-ray source using electron linac with a 9.3 GHz X-band magnetron
that is compact enough to pass through a manhole in the box girder of PC bridges, and that can be used in harsh field
environments, including improved on-site operability through common wiring, shock prevention during transportation,

and dust and waterproofing measures and so on.
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Table 1: X-ray Specs of 3.95 MeV Small X-ray Source

Dose rate @ 1 m > 2 Gy/min

Dose stability <5%/ 1hr

Irradiation Field @ 1 m > Dia. 410 mm

with cone beam collimator

Flatness <5 % without filter
Symmetry <5% @ +-7.5 degree
Spot size <Dia. 1.5 mm

Leakage dose @ 1 m < 1/1500 (main dose ratio)
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Figure 1: Electron beam trajectory calculation results
using CST-Studio. From left to right, the components are
the spherical cathode, grid, focusing electrode, and anode
electrode. The colors indicate the energy of the electrons,
with a maximum of 16 keV.
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Figure 2: Electron acceleration behavior along the beam
axis. Top figure: acceleration phase of electrons within the
side coupled structure. Bottom figure: radial spread of the
electron beam. The maximum accelerating electric field is
at 180 degrees, with longitudinal convergence occurring
from 0 to 180 degrees and transverse convergence from
180 degrees to 360 degrees.
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Figure 3: Electron beam characteristics on the target. The
left plot shows the electron density distribution, while the
right plot shows the energy distribution.
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Figure 4: X-ray simulation results using PHITS. Left
figure: Contour diagram of X-ray dose around the target.
Right figure: X-ray dose rate distribution at 1m
downstream from the target.
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Figure 5: Leakage dose simulation results using PHITS.
Top figure: contour diagram of photons around the
accelerator and the target. Bottom figure: contour diagram
of leakage dose 1 m from the target.
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Figure 6: The picture of X-band LINAC and 3.95 MeV
small X-ray system. The system consists of three units (X-
ray unit, Marx unit, and Control unit) and three small
chillers. The operator can control the system remotely
using a touch panel PC built into a portable case.
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Figure 7: X-ray property verification test with FPD (Flat
Panel Detector).
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Figure 8: Radiographic testing using concrete phantoms
which have steel bars.
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