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1. INTRODUCTION

Electron beam processing systems have been in use in a variety of applications such as
curing of paints and printing inks, crosslinking of PE products, treating of rubber tire and
so on. Recently, low energy electron processing systems have become popular as self-
sheilded machines, which are compact and easy to use and do not require special facility
such as an irradiation room.

This manuscript introduces the status of low energy EB machine through Nissin's
products current.

2. PROBGRESS OF EB MACHINE

We have been manufacturing EB equipment for more than 30 years and have a wide
record of installation concerning equipment ranging from the low energy machines to the
high energy machine. The total number of unit we installed by 1999 exceeded 250 units,
of which around 30% were
low energy machines. Growth
over the past several years
for low energy machines has
been steady at around 20%.

Around 60% of those are
R&D machines, pilot ma-
chines. Production machines
are increasing since the '90s
as R&D has good results.
Food Rapping plant, Tire
plant, Interior Decoration
field etc. are remarkable.
From these status, two type
EB machine is required. One
is high voltage around 300kV
for Tire plant and the other
is 120~200kV for film pro-
cessing.

The status of NISSIN'
products is reported right
Table 1.

Table 1. Status of Nissin's Products
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3. FEATURES OF NISSIN'S EB MACHINE

We provide various features with our EB Machine for customers in order to have best
fitting operation in their production lines. The fallowings are the examples of them.

(l)Running Stability
For plant the stability is most important feature. Recent production machine is used

at high voltage out put like 300kV. As Nissin's machine have high insulation parformance
for high voltage, high vacuum system, and high efficient cooling, full day runnuing is
possible and stable. If some discharge has happened, the machine can recover very
quickly less than 30msec. So the line can continue to product without long time stop.

(2)Beam distribution reliability
The beam distribution has happened to effect by the filament status as low energy

machine has many cathode filaments along irradiation width direction. By adopting
extraction control system, beam distribution reliability has improved remarkably.

(3)Rapid beam ramp up time
Controlling the beam current in proportion to the running speed provides the user

with a constant dose system. In some cases line speed will change quickly, requiring
the beam to ramp-up and/or down very fast. To meet this demand, the extraction control
system is applied to the cathode, this at the same time is used to control the beam
current. The control system allows the rapid beam ramp-up or down.

(4)Maintenance
EB machine has periodical maintenance work, such as replacement of the window

foil and cathode filament. The following functions are equipped for the start-up of
machine after maintenance work.

a)Automates evacuation system to get high vacuum after maintenance work.
b)Automates filament aging
c)Automates acceleration voltage conditioning
d)Automates beam conditioning

Thus start-up work after maintenance can be automated so that the customer can
devote all his energy to processing.

(5)Inert gas control
Generally, EB curing applications require inert gas, mostly nitrogen, used in the

process chamber as oxygen is likly to prohibit radical polymerization. Inert gas
consumption is regarded as one of the major factors in the operation cost of EB system.
Therefore, it is very important consideration for production line operation. To reduce
inert gas consumption, Nissin High Voltage introduced a inert gas circulating system
early on, in 1986. Since then, further work has been done to minimize inert gas
consumption. Recent work was done on a test facility running at a web speed of 200m/
min, nitrogen consumption of 0.008 -0.013 rrrVm2 was achieved.

A new automatic gas flow control system proved the effectiveness in maintaining the
oxygen concentration at a preset values, even when the operating conditions change,
such as a speed and/or a dose. Figure 1 shows how the oxygen concentration in the
process chamber follows a preset value.
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(6)Low voltage operation
In low energy EB curing applications,

the thickness of the coating layer on the
substrate is usually 100 micro-meter or
less. At 150kV much of the electron
energy gets delivered into the substrate
rather than the coating. This means that
the electron energy deposition in the sub-
strate has to be minimized because of
potential damage to the substrate materi-
als. Nissin High Voltage developed a sys-
tem which has an available operating
voltage less than 150kV.

In addition to reducing the substrate
damage, these lower energy systems pro-
vide the user with advantages in smaller
size and lower cost.

Figure 2 shows the penatration curves
of electron accelerated from lOOkV to
150kV.

These measurements were made by
Nissin High Voltage using thin film do-
simetry. These cureves are available to
decide the most suitable energy for the
application.

Lower energy technology allows the
user more flexibility in the selection of
substrate materials.

4. R&D MACHINE

Our R&D machine is easy to operate,
and is able to handle batch and web pro-
cessing.

The machine ratings are as below,

Acceleration voltage: 200kV 250kV
Beam current: 20mA 20mA
Processing width: 15/3Ocm 15/30/60cm

Figure3 shows the outline view.
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Figure3. R&D Machine
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5. PILOT MACHINE

Our pilot machine is manufactured ac-
cording to the needs of the customer who
wants to have products in a semi produc-
tion scale between R&D and full produc-
tion.

The machine ratings are as below,

Acceleration voltage:
Beam current:
Processing width:

100 ~ 300kV
20 ~ 300mA

15 ~ 60cm

Figure4 shows the outline view.

6. PRODUCTION MACHINRE

What are required for a production ma-
chine are high output, low cost, ease of
operation, and reliability. We have been
devoting ourselves into the satisfaction of
those requirement by develping and im-
proving our machine.

As the result the ratings of machine are
as below,

Acceleration voltage:
Beam current:
Processing width:

150 ~ 300kV
~ 500mA
~ 180cm

Figure5 shows the outline view.

7. CONCLUSION

Figure4. Pilot Machine

Figure5. Production Machine

Nissin High Voltage continues to develop a variety of electron beam processing system
to meet future demands. Today, more than 250 systems have been installed in industrial
applications by us. We have accomplished this with cooperation of our customers,
and will continue these efforts for the future development of EB technologies.
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