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ABSTRACT 

 
The EPS-3000 electron beam machine was installed and commission in 1991 at the Alurtron Electron Beam 
Irradiation Centre. It is utilized as a tool to enhance finished products through electron beam irradiation. The 
machine and its auxiliary systems were built with highest safety in mind due to the possible dangers that it can cause 
during the irradiation activities. Automatic stops may be activated via various interlocks to protect the integrity of 
the machine. This type of interlocks are controlled by the set upper and lower limits, mostly related to the machine 
high voltage (and beam) generation and cooling systems. Radiation safety is also taken care of by provision of 
shielding and area monitoring. Other potential hazards include ozone poisoning and electromagnetic field (EMF) 
could be generated by the high voltage. This paper describes the safety and security systems installed within the 
facility as measures to protect the workers and general public from radiation and other physical threats. 
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Abstrak 

Mesin alur elektron EPS 3000 telah dipasang dan tauliah pada tahun 1991 di Kemudahan Penyinaran Alurtron. Ia 
digunakan sebagai satu alat untuk meningkatkan mutu produk melalui penyinaran alur electron. Mesin ini bersama 
dengan peralatan sampingannya dibina pada tahap keselamatan tertinggi berdasarkan kepada kemungkinan bahaya 
yang boleh dihasilkan dari aktiviti penyinaran. Pengaktifan perbagai suis interlok akan menyebabkan mesin berhenti 
secara automatik. Interlok seperti ini mempunyai had tertinggi dan had terendah yang ditetapkan, kebanyakannya 
berkaitan dengan penjanaan voltan tinggi (dan arus) serta system penyejuk. Keselamatan sinaran juga dikawal 
melalui pembinaan perisai dan juga pemonitoran kawasan. Hazad lain yang mungkin berlaku adalah keracunan ozon 
dan medan eletro magnet yang terhasil dari voltan tinggi. Kertas kerja ini menerangkan sistem keselamatan dan 
security yang dipasang di Kemudahan ini sebagai langkah melindungi pekerja dan orang awam dari ancaman 
sinaran dan juga fizikal. 

Kata kekunci: Mesin alur elektron, penyinaran, keselamatan 

 

 

INTRODUCTION 

An electron beam machine is normally made up of an electron source, an accelerator tube and a scanning device. 
The electron source or ‘hot cathode’ is commonly made of heated filament or lanthanum hexaboride (LaB6). The 
high voltage gradient in the highly vacuumed accelerating tube propels the electrons at high speed before entering 
the scanning device. The energized electrons exit the scanner through a thin window to enter the atmospheric 
environment where they are recognised as beta radiation. 

Being a beta radiation, the penetration level of electron beam is limited by its energy. When electron beams strike a 
target such as polymer tubing, most of the energy goes towards ionizing atoms and causing crosslinking within the 
polymer. If however, the electron beam is stopped in a dense material such as metal, some of the energy stimulates 
the metal atoms to emit X-rays. These X-rays are more penetrating than their parent electrons. X-rays are also 
spread over a wider angle than an electron beam). 

Therefore in any electron beam machine installation, the safety considerations are based on protection against X-
rays. 



 

THE EPS-3000 AT NUCLEAR MALAYSIA. 

The first electron beam machine installed at Nuclear Malaysia was the EPS 3000, made by Nissin High Voltage. 
The installation was completed in 1991 when the machine begins to generate maximum voltage of 3.15 MeV at 
voltage conditioning mode. The EPS-3000 is a DC or direct accelerator of Cockroft Walton type. The Cockroft 
Walton circuitry is based on the multistage diode-capacitor voltage multiplier system to generate the high voltage 
(Figure 1). Other types of direct accelerators are the Van de Graff generator, insulating core transformer and the 
pelletron. The technical specifications of the EPS-3000 are as described in Table 1.  

 

 

Figure 1: Cockroft-Walton circuitry used for high voltage generation 

 

Table 1: Technical specifications for all electron beam machines installed in Malaysian Nuclear Agency 
 

Machine Accelerator 
voltage 

Beam 
Current 

Max beam 
Power 

Beam 
width/Area 

Dose 
Uniformity 

Conveyor 
speed 

EPS-3000 0.5 – 3.0 MeV 1–30 mA 90 kW 30,60 and   
120 cm 

±  5% 1–20 m/min 

 
 
 

SAFETY  
 
The safety features at the facility are to protect the workers from radiation and other general hazards. Hazard of 

an accelerator includes:  
• Radiation (X-Ray) 
• Ozone, noxious and other toxic gas 
• Incidental hazards (noise, etc) 
• Noise 
• Fire 

 
For the purpose of radiation protection, Nuclear Malaysia follows the Atomic Energy Licensing Board (AELB) 

Act (Act 304) and all other regulations and guidelines produced under this act.  
 



The building that housed the EPS and its auxiliaries can be divided into three areas. The areas are working 
areas, accelerator room and irradiation room (bunker). The working areas include open spaces inside the building, 
laboratories and offices. These working areas are classified as clean area in terms of radiation safety. 

 
The accelerator room is where the high frequency inverters, transformers, reactors and accelerator tanks were 

installed. Radiation level is potentially high inside this room since it is located just above the scanning horn. There is 
also potential high voltage hazard since there are two high voltage transformers installed. During operation, the 
room is locked and interlocked with the EPS. 

 
The irradiation room or the bunker is designed as such to prevent radiation from entering working areas. Three 

sides of the bunker are two meter walls made up of high density concrete. The facility is equipped with a toe-typed 
conveyor. Therefore a maze type shielding was constructed to prevent radiation leakage at the product entrance. 
Figure 2 shows the shielding layout of the bunker. The thickness of maze walls gets larger towards the irradiation 
area.  

 

 
 
 

Figure 2.: Plan View of Irradiation Room and Maze Area (not to scale) 
 

There are two personnel entrances into the bunker, the main shielding door and an escape door next to the 
product entrance. The shielding door is tapered to ensure there is no radiation leakage (see Figure 3). The escape 
door however is a normal fire door since the radiation level within the area is already reduced by the maze walls. 

 
Ozone is generated when oxygen is oxidised in the presence of energised electron. This type of ozone however 

is short live since after a while, it will recombined to revert back to oxygen. Inside the irradiation, a suction blower 
is used to draw the ozone filled air through a stack to atmosphere. A 5 minutes lapse is required before entry is 
permitted into the bunker every time after is machine has been turned off.  

 
Reaction between the electron beam with flammable material may induce fire. Therefore any samples for 

irradiation must be inspected or declared as non-flammable. A CO2 based fire fighting equipment is installed inside 
the bunker and the accelerator as precautionary effort.  

 
There are many moving mechanical equipment such as motors, crane and blower that produce noise. The 

combined noise levels inside the facility were measured soon after the commissioning. The noise level maintained at 
lower than the allowable 90DB. 

 
The facility is equipped with safety status indicators such as lighted signs, warning revolving lights and loud 

audible sounds. These indicators will activate when the EPS is operating and when any of the interlock or machine 
safety features are breached. 

 



 
SAFETY INTERLOCKS 

 
 
The installation is also fitted with safety interlocks which are connected directly to the EPS. These safety 

interlocks will be activated when there are attempts to enter the bunker or accelerator room when the machine is on. 
The interlocks switches are located at the products entrance and exit, escape door, accelerator room door and 
shielding door. Since the product entrance and exit do not have doors, infrared triggering switches are used. The 
lights were set as such the switches will only recognise the product trolley. Anything other than the trolley will 
activate the interlock and immediately turn the machine off. Contact switches are used for both escape and shielding 
door. Any attempt to open the doors will trigger the interlock. 

 
The shielding door has its own safety mechanism which is connected to the EPS. When the shielding door is 

closing down, it will move at a certain initial speed. When it reached the limit switch, it will slow down and a 
beeping sound can be heard to warn any personnel inside the bunker that the door is closing. As it close it will also 
trigger a siren to indicate that the door is fully closed. Any personnel inside the bunker is expected to have left the 
bunker at this point.  

 
The series of interlocks are shown in Fig. 3. 
 
 
 

 
 

Figure 3: Series of safety interlock for the EPS-3000 
 
 
 

MACHINE PROTECTION SYSTEM 
 
 
The EPS is also equipped with its own protection system as shown in Fig. 4. The EPS would require all system 

requirements are satisfied before it can be turned ON. The requirements are divided into three section: 
 
1. Requirement A: 

 
a. Water Tower Cooling System 
b. Inverter Voltage 
c. Inverter Current 
d. Exhaust Blower 
e. Purge Blower (bypass) 
f. Window Cooling Blower 

 
2. Requirement B 

a. H. F. Inverter 
b. SF6 Gas Cooling 



c. SF6 Gas Pressure 
d. Column Current 
e. Beam Shutter 
f. X-Ray Monitor 
g. H.F. Transformer 
h. Conveyor system 

 
3. Requirement C 

a. Focus Current 
b. Filament Power 
c. Scanner Power Unit 
d. Degree Vacuum 
e. Beam Current 

 
 
 

 
 

Figure 4: Machine interlock system 
 
These interlocks would normally be the indicators for the conditions of the auxiliary systems and can be 

observed on the display of the control panel. Any lighted indicator will prevent activation of the EPS until the 
problem pertaining to the interlock has been fixed.  

 
 

CONCLUSION 
 
Since its inauguration in 1991, there has never been any major radiological or occupational accidents reported at 

the facility. This is mainly due to proper personnel training and complete safety measures taken to prevent any 
accidents from occurring 
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