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New Compact and Maintainable Electron
Beam Processing System EB-XW

Masahiro NAGAI*, Takashi BABA, Atsushi MIZUTANI,

Electron beam irradiation technology has been used in various industrial processes, including enhancing the heat resistance of
wire coatings through cross-linking and improving the flowability of rubber sheets for tires. NHV Corporation has supplied
numerous electron beam processing systems (EPS) within an extensive energy range of 100 kV to 5 MV to customers globally. In
pursuit of the sustainable development goals, there is growing demand for environmental considerations, worker safety, and
equipment downsizing. In response, NHV Corporation reports on the development of a new compact EPS (EB-XW) that drastically
reduces the use of hazardous lead and enhances maintenance safety.
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1. Introduction

Electron beam processing systems (EPS) are used to
process a wide variety of products.

Until now, EPS have been required to have high
output and stable operation, but recent efforts to achieve
sustainable development goals have led to increased
demands for environmental friendliness, operator safety,
and smaller equipment. To meet these demands, NHV
Corporation has developed a new 800 kV EPS (EB-XW)
that does not use lead as the primary shielding material,
enhances safety during maintenance, and saves space.

2. Specifications of EB-XW
The specifications of EB-XW are shown in Table 1.

Table 1. Specifications of EB-XW

Specifications

800 kV/100 mA/120 cm

Item

Accelerator voltage/beam current/irradiation width

Cockeroft-Walton circuit

Self-shielding
(steel-shielding)

DC power supply method

Shielding method

Irradiation direction Horizontal irradiation

3. Differences from Conventional EPS

A comparison of the external shapes of the conven-
tional EPS and the EB-XW is shown in Fig. 1.
3-1 Irradiation direction

In conventional EPS, vertical irradiation, where elec-
tron beams (EB) are emitted vertically toward the floor
level, is commonly used, as shown in Fig. 2. Vertical irra-
diation facilitates the installation and alignment of beam-
lines because the direction of gravity and the direction of
electron travel are aligned. However, due to its structure,
the overall height of the equipment increases, requiring
maintenance of the accelerator section, a regular mainte-
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Fig. 1. Shape comparison of EB-XW and conventional EPS
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Fig. 2. Comparison of irradiation directions

nance task, to be carried out at height. Therefore, the
EB-XW adopts horizontal irradiation, where electrons are
emitted horizontally with respect to the floor level.
Horizontal irradiation reduces the overall height of the
equipment, easing installation height limitations, and
allows maintenance of the accelerator section to be
performed at ground level.
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3-2 Tank structure

As shown in Fig. 3, conventional EPS generally
employs a piping connection type, where the direct-current
(DC) power supply and the accelerator section are housed
in separate tanks and connected by a connecting tank. In
this configuration, the installation location of the tanks for
the DC power supply and the accelerator section can be
freely modified by changing the connecting tank. However,
because the tanks are smaller and maintenance of the accel-
erator section is performed in a confined space, mainte-
nance requires a high level of skill and a long time.

I Tank for DC
,] power supply

1

Tank for
accelerator section

Fig. 3. Tank configuration of conventional EPS

In recent years, especially overseas, work in enclosed
spaces is sometimes restricted due to safety standards.
Therefore, as shown in Fig. 4, EB-XW employs an inte-
grated tank that houses the DC power supply and the accel-
erator section side by side in the same tank. As shown in
Fig. 5, the two-part construction of the tank exposes the
entire DC power supply when the tank is opened,
improving maintainability. Furthermore, the DC power
supply and the accelerator section are separated, with the
DC power supply housed in one of the split tanks, ensuring
that maintenance of the accelerator section does not take
place in an enclosed space.

Such a structure is expected to further improve safety
and reduce maintenance costs compared to conventional
EPS, since it would not require high-skilled labor or exten-
sive time for maintenance. However, the arrangement in
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Fig. 4. Tank configuration of EB-XW
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Fig. 5. Maintenance of DC power supply and accelerator section

which the DC power supply and the accelerator are housed
side by side in the same tank is a first attempt for NHV
Corporation, and there was concern regarding whether the
insulation capacity between the DC high-voltage power
supply and the accelerator, as well as the cooling capacity
of the accelerator, could be sufficiently secured.
3-3 Primary shielding material

Conventional EPS uses lead as the primary shielding
material, which has high shielding capability, combined
with high-strength steel. The use of lead reduces shielding
thickness, leading to the downsizing of the equipment.
However, lead is harmful to both humans and the environ-
ment, and its softness makes it difficult to handle as a
structural material. Therefore, EB-XW uses steel as the
primary shielding material because it is safer, more work-
able, and better for distribution. However, steel has a lower
shielding capacity than lead, resulting in increased
shielding thickness. Thus, a shielding analysis was
performed to optimize the thickness.

4. In-Tank Cooling Capacity

As described in Section 3-2, EB-XW was the first to
adopt an integrated tank that houses the DC power supply
and the accelerator section side by side in the same tank,
and one of the concerns was cooling the tank to below the
specified temperature.

In the EB-XW, the two respective heat sources of the
DC power supply and the electron source section are in the
same tank, so a structure to cool the heat generated by both
is necessary. If the cooling capacity is insufficient, the elec-
tron beam acceleration performance will become unstable,
leading to equipment failure.

In past systems, a gas cooling device was connected
externally to the tank to maintain a constant temperature
inside the tank through gas circulation cooling. However,
the gas cooling device is expensive and requires installa-
tion space, so the EB-XW uses a forced circulation cooling
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system with a radiator and fan inside the tank instead. To
efficiently cool the accelerator section and the DC power
supply, the positions of the radiator and fan, and the shape
of the rectifier plate were considered. A fluid analysis was
conducted as shown in Fig. 6, and the optimal cooling
mechanism was installed.

Radiator & Fan

\

Accelerator section

Front view (temperature distribution)

Fig. 6. Temperature distribution analysis in the tank

5. Considerations for
Reducing Shielding Materials

As described in Section 3-3, steel, which has good
workability and distribution properties, was adopted as the
primary shielding material for EB-XW. In addition, to
reduce the amount of auxiliary lead used in the tank
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(a) Conventional EPS (side view)
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(b) EB-XW (plan view)

Fig. 7. Comparison of shielding structures

housing the accelerator section, the shielding structure at
the beamline locations was investigated. The conventional
EPS has a structure in which the entire scanning chamber
section is enclosed by the main shielding, as shown in
Fig. 7. Although this is a simple structure, the large solid
angle from which the main shielding is visible from the
accelerator section results in less attenuation of the X-ray
generated within the main shielding, necessitating the use
of significant amounts of auxiliary lead on the entire tank
wall. In contrast, the EB-XW has a structure where the
center of the scanning chamber penetrates the main
shielding, with a small scanning section shielding installed
at the protruding scanning section. As a result, the X-ray
dose to the accelerator section was reduced compared to
the conventional EPS because the main shielding and the
scanning section shielding were used at two points to
reduce the X-ray dose.
5-1 X-ray shielding calculation method

In shielding design, the shielding material and its
thickness are determined so that the dose value in areas
accessible to people is attenuated to a safe level (below the
legal limit). However, since there are several factors that
affect the accuracy of calculations in particular applica-
tions, the values are set conservatively. There are two
conventional shielding design methods: the simple method
and the detailed method (Table 2), both of which were
developed long ago and have not been updated to reflect
recent advances in computer technology.

The simple method relies on past measurement data
and empirical rules formulated in the 1970s, resulting in a
uniform evaluation for complex shapes.

Table 2. Characteristics of individual X-ray shielding design methods
(conventional methods)

Calculation Method Advantage Drawback

Anyone can design safe
shielding

Uniform evaluation independent

Simplified Method of structure

Evaluation time for complex
structures increases
exponentially, making practical
evaluation impossible

Detailed Method
(Albedo Method)

Precise calculations can
be made

The detailed method follows the theoretical equation
of the Albedo method® and can calculate scattered radia-
tion in a plane with very high accuracy. However, the accu-
racy is limited to a small region that is flat with negligible
directionality, and the evaluation time increases exponen-
tially for more complex structures, making practical evalu-
ation virtually impossible.

To address the problems of conventional methods,
EGS5*! and PHITS*? computer simulations were used in
the EB-XW shielding calculations to optimize the shielding
thickness (Fig. 8). The accuracy of the Monte Carlo
method, which is the basis of EGSS and PHITS, is directly
affected by the number of points that reach the target area
(usually the standard deviation of the calculated value =
\ [number of points]). Therefore, we were concerned that
the calculation accuracy would be degraded in cases where
the number of X-ray particles arriving at the shielding eval-
uation point is a trillionth or fewer of the number near the
source, or for low dose values after transmission through
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the shielding, where the calculation accuracy tends to
decrease. To supplement the calculation accuracy, EB-XW
uses logarithmic interpolation from several data sets for the
low-dose region after transmission through the shielding.

The required shielding thickness and range were
calculated from the analysis, and the thickness of the auxil-
iary shielding lead on the tank wall was optimized,
resulting in a reduction of more than 75% compared to
conventional EPS.

Accelerator section

Tank
Xera Scanning section
-ray
(photon) shielding
Main shielding

Fig. 8. EGSS analysis

6. Conclusion

In recent years, consideration for the environment and
people has become increasingly important in the industrial
field, and we have developed a new EPS (EB-XW) to align
with current demands. As global warming and an aging
society are expected to further advance in the future, more
stringent considerations for the environment and humans
are expected to be required than ever before.

Sulfur hexafluoride (SF6) is used as an insulating gas
in EPS, but its use is expected to become increasingly
restricted in the future due to its high global warming
potential. However, there is currently no alternative gas
with comparable insulating performance. Therefore, NHV
Corporation believes that it is imperative to develop alter-
native insulation methods for EPS and is currently
exploring new alternatives that use naturally occurring
gases such as carbon dioxide.

Finally, we plan to expand the developed EB-XW to
include 500 kV and 1000 kV equipment and will continue
to develop and manufacture EPS that responds to changing
demands.

* EB-XW is a trademark of NHV Corporation.

Technical Terms

EGS5®: An abbreviation for Electron Gamma
Shower Version 5 and a Monte Carlo code for
electron and photon transport. The code has been
developed mainly at the Stanford Linear Accelerator
Center (SLAC). In Japan, it is managed by the High
Energy Accelerator Research Organization (KEK).
NHYV Corporation began using this code around 2008
for electron beam distribution calculations, and has
been using it for X-ray shielding calculations since
around 2018.

*1

%2 PHITS®: The version used in this paper is 3.320. It is

a Monte Carlo calculation code that simulates various
radiation behaviors in any material using nuclear
reaction models and nuclear data. The Japan Atomic
Energy Agency (JAEA) is leading the development
of this code. The EGS5 code is employed for electron
and photon (x-rays) transport calculations, which also
includes a unique mode for photons.
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