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Abstract 
The national project of experimental advanced 

superconducting tokamak (EAST) is an important part of 
the fusion development stratagem of China, which is the 
first fully superconducting tokamak with a non-circle 
cross-section of the vacuum vessel in the world. The 
safety and interlock system (SIS) is in charge of the 
supervision and control of all the EAST components 
involved in the protection of human and tokamak from 
potential accidents. A prototype for upgrading EAST SIS 
has been designed. This paper presents EAST machine 
and human protection mechanism and the architecture of 
the upgrading safety and interlock system. 

 INTRODUCTION 
Nuclear fusion which is a controllability reaction has 

unquestionably been recognized to be one of the best 
ways to solve the future energy crisis, and the tokamak is 
a favourable equipment to realize nuclear fusion [1]. The 
Experimental Advanced Superconducting Tokamak 
(EAST) in Hefei, a central region city of China, has been 
a key role for the research of peaceful utilizations of 
fusion energy. The huge tokamak project is complicated 
and high cost, needs to be monitored to eliminate the 
probability of potential hazard during the physical 
campaign [2]. The role of safety and interlock system 
(SIS) is focuses on protecting the machine and human 
from accidents and preventing the propagation of the risk 
from an accident during the operating campaign. 

MOTIVATIONS FOR AN UPGRADE 
The SIS is constituted by two horizontal layers, one 

for the central safety and interlock system (CSIS), and 
another for the different plant safety and interlock 
systems, they are connected through optical network. 
With the development of physical experiment, the SIS 
had come close to reaching its limits for expandability. 
For instance, the former central safety and interlock 
system based on PLC just offers digital I/O channels 
with 1ms scan time, and the response time of event is 
around 4ms. What more, the primitive GREEN and RED 
circles dashboard, and intermit-tent spurious monitor 
problem make the central control team determines to 
update the safety and interlock system.  

 

 
The future needs of the EAST SIS research program 

are: (a) more stable supervisory and control operation; 
(b) high-precision execute and respond actions; (c) better 
user-friendly interface [3]. 

Fulfilling all of these needs will require certain 
improvements to the previous capabilities including: (1) 
redesign the structure of SIS, (2) introduction of new 
equipment, (3) further development of the HMI, and (4) 
enhancements to the redundancy mechanism capability.  

SYSTEM STRUCTURE 
The new SIS keeps the former two horizontal layers, 

and redistributes three vertical architectures according to 
timing requirements. The structure of the prototype SIS 
is illustrated in detail in Fig. 1. 

 

 
Figure 1: Structure of the prototype SIS. 

The CIS is in charge of implementing the central 
protection functions via the plant safety and interlock 
systems (PSIS) through the central interlock network 
(CIN). It also provides access to the local interlock data 
of the different plant interlock systems. Each PSIS 
provides local protection implementing the local 
interlock functions of the corresponding plant system. 
The CIN provides connection between the CSIS and 
PSIS for inter-plant systems investment protection 
functions. Communication within one plant system is 
carried out through the plant interlock network (PIN) 
and/or hardwired interconnections. 

The systems such as water cooling, vacuum, etc. have 
slow response time requirements are categorized into 
slow architecture. System statuses are inspected through 
digital channels. For the functions of plasma safe stop 
and/or Poloidal Field (PF) coil current discharge in case 
an interlock event arises, plasma protection module has 
to be implemented on a fast architecture. Not only digital 
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signals (interlock events and actions) but also analogue 
variables (plasma current, electron density etc.) are 
acquired. The third architecture is just used at Ion 
cyclotron range of frequency (ICRF) and lower hybrid 
current drive (LHCD). Threshold values are preset in 
custom hardware, when the acquired signals higher than 
values, the hardware will trigger the event generator and 
actuator. 

 SYSTEM PROTECTION MECHANISM 
The interface between the CSIS and plant systems is 

illustrated in Fig. 2. 
 

 
Figure 2: Interface between CSIS and plant systems. 

All interlock events managed by the CSIS are 
classified depending on their impact on the running or 
next plasma pulse. The relationship between event and 
response are shown in Table 1. 

Table 1: Relationship Between Event and Response 

 Signal Value Response 
 Status High OK 

Low alarm 

 1st class alarm 
High 1stclass protection 
Low OK 

 2nd class alarm 
High 2ndclass protection 
Low OK 

 Protection 
High actuator  
Low null 

 

DESIGN OF SIS COMPONENTS 
 As mentioned, the SIS is divided in three parts. The 

slow architecture has been established slower than 1ms 
based on PLC, and the fast one executes functions within 
50μs by using NI COTS. The hardwired architecture has 
the shortest response time. 

 Slow Architecture 
The former SIS belongs to the slow architecture, and 

the system is intended to execute those central interlock 
functions with slow timing requirements, which have 
been established slower than 1ms. To increase the 
availability and reliability of the CSIS slow architecture, 
a redundant configuration has been selected. Fig. 3 
illustrated the structure of the CSIS slow architecture. 

 

Figure 3: Structure of the CSIS slow architecture. 

SIEMENS SIMATIC S7-400 equipped with the 
following components [3]: 
• Master station: 

CPU 417-4H with 2 × 15MB Memory 
PS407 DC 24V/10A power supply 
A CP 443-1 advanced communication processor 

• Slave station: ET200M 
PS307 DC 24V/10A power supply 
Two IM 153-2 Profibus-DP communication interfaces 
FM350-1 high-speed counter module 
Three SM 321 digital inputs DI 16 channels DC 24V 
Two SM 322 digital outputs DO 16 channels DC 24V. 
All the signals from subsystems to the CSIS room are 

transmitted through fiber-optics. The isolation devices 
are custom devices which are used to remove ground 
loops among different subsystems. In Fig. 2 it can be 
seen that the CSIS just monitors the status of subsystem 
with slow circle, so the EPICS is chosen to be deployed 
on the slow architecture. It should be specially explained 
that the slow architecture supervises the watch-dog 
signal from PCS by using high speed counter module. 
The communication between PCS and protect module is 
described in fast architecture. 

 Fast Architecture 
The EAST plasma control system operation cycle is 

100μs, so the CSIS fast architecture is intended to 
execute the central safety and interlock functions in 50μs. 
From Fig. 1, plasma protection module is the unique 
module in described CSIS fast architecture. This module 
executes all fast functions, as well as all functions that 
interface with PCS, which require a fast interface [4]. 
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As a difference to the slow architecture modules, the 
fast plasma protection module processes acquired both 
digital signals and analogue variables, which require 
certain calculations (e.g. plasma current and fusion 
power). 

National Instrument CompactRIO is a reconfigurable 
embedded control and high-accuracy acquisition system. 
It has been the technology chosen as a fast logic device 
for the CSIS and PSIS. Its rugged hardware architecture 
includes hot swappable I/O modules (NI C Series), a 
reconfigurable FPGA chassis, and an embedded 
controller for communication and processing. NI FPGA 
platform is comprised by: (i)cRIO-9039, a 8-slot chassis 
features a Kintex-7 FPGA; (ii)two NI-9239, 4-channel 
AI, 24-Bit, ±10V, 50kS/s/ch ; (iii) two NI-9401, 
8-channel DIO, 100 ns, 5V/TTL. 
  CA Lab, interface between LabVIEW and EPICS, 
makes the achievement of data simple now, this toolkit 
can create, read and write EPICS variables easily.  
EPICS time stamp, status, severity and optional PV 
fields (properties) are bound into a resulting data cluster. 
Users can get the data from both slow and fast 
architecture [5].  

The human machine interface (HMI) of safety and 
interlock system is implemented by a server installed in 
the EAST acquisition room and through a client to be 
installed in central control room.  

Hardwired Architecture 
It is all known that the hardware circuit is the most 

responsive approach. Hardwired architecture in EAST 
CSIS is a set of custom devices, which consist of several 
sensors and actuators, having the capability of reading 
interlock event and generating response. Threshold value 
can be set through the rheostat. When the value of 
plasma current is lower than the preset threshold, the 
actuators will turn off the ability of heating system such 
as ICRF, LHCD. The majority of the functions are 
automatic, and the response time is less than 1μs. 

PERSONAL SAFETY MEASURE IN CSIS 
  For personal safety, the safety part of CSIS provides 
five protection measures that are safety key, face 
recognition switch, water door, emergency button and 
radiation monitor. With the permission of operator, the 
person who enters the machine hall can get the safety 
key with a blue entrance guard card. Only experiment 
relevant person can pass the face recognition switch. 
Then water door system identifies the card’s information 
and moves the water door to the specified location.  
 

  

Figure 4: Safety key and face recognition switch. 

The EAST machine hall has two water doors. Two 
motors control these doors respectively. Figure 5 is the 
framework of the water door’s control system. 

 

Figure 5: Framework of water door’s control system. 

The control logic in Part I decides the states of motors’ 
rotation and door’s proper position. The Emergency 
control logic ensures that the gate can be opened quickly 
in an emergency case. Start-Stop logic enable the 
function of entrance guard cards identifies. Discharge 
control logic is a key control logic which comes from the 
EAST’s discharge control signal. Part II is the control 
part which will output a proper control voltage to drive 
the motors based on the Part I’s logic. The status of 
water door is also supervised in the CSIS slow 
architecture [6].  

During the EAST discharge, some radioactive 
particles and rays will be emitted around the 
environment [7]. Figure 6 is the Neutron (n) and Gamma 
ray (c) detector. 

 

 

Figure 6: Neutron (n) and Gamma ray (c) detector. 

The probe of detector get the Neutron (n) and Gamma 
ray (c), outputs a voltage signal, after processing module, 
the result of radiation signal transmitted to the CSIS slow 
architecture. 
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CONCLUSION  
EAST central safety and interlock system has been 

designed. SIEMENS PLC and National Instruments 
cRIO are integrated into a single system taking care of 
slow and fast interlock functions. The fast safety and 
interlock system is able to react within 50μs. 
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