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Abstract 

Design and initial operation results are reported of a VME 
multi-processor system [l] for plasma control at a large fusio~ 
device named "the JT-60 Upgrade" utilizing three 32-bit 
MC88100 based RISC computers and VME components. 
Development of the system was stimulated by faster and more 
accurate computation requirements for the plasma position and 
current control. The RISC computers operate at 25 :MHz 
along with two cashe memories named MC88200. We newly 
developed VME bus modules of up/down counter, analog-to
digital converter and clock pulse generator for measuring 
magnetic field and coil current and for synchronizing the 
processing in the three RISCs and direct digital controllers 
(DDCs) of magnet power supplies. We also evaluated that the 
speed of the data transfer between the VME bus system and the 
DDCs through CAMAC highways satisfies the above 
requirements. In the initial operation of the JT-60 upgrade, it 
has been proved that the VME multi-processor system well 
controls the plasma position and current with a sampling 
period of 250 µsec and a delay of 500 µsec. 

1. IN1RODUCTION 

In the JT-60 Upgrade (JT-60U) [2] where is perfonned the 
study of magnetically confined plasma near the thermal break
even condition, the plasma current is increased up to 6 I\1A in 
the lower X-point divertor configuration. The vacuum vessel 
and the poloidal field coils, then, have been replaced for these 
improvements. 

From the viewpoint of plasma equilibrium control, the 
vertical positional stability is one of the most important 
issues for the tokamak with elongated plasma. The stabilizing 
index ns due to the horizontal magnetic field coil is designed 
to be 1.6 for the plasma with the poloidal beta ~p=0.6. The 
vacuum vessel, however, dose not have much effect on the 
stabilization, because the vessel is made of corrugated thin 
walls whose time constant of the field penetration is very 
short (-c=8 m~). Hence, it is necessary to raise the response 
of the feedback control system. The control cycle of the 
system must be less than 0.5 msec and the delay of the system 
must be less than about 1 msec except for the conversion time 
in the magnet power supplies. 

Moreover, since the stored energy of plasma and 
electromagnetic energy of coils will increase, undesirable 
events such as plasma disruption may do fatal damage to the 
components of the vacuum vessel and the coils. More 

calculations, hence, are necessary to obtain the plasma 
parameters of positions and clearances more precisely, to 
produce stable plasmas and to protect the tokamak 
components. As shown in Table 1, the control system must, 
then, have such a fast data input/output capacity that it can 
utilize several tens of status data and several control 
commands. The control system must also possess such large 
amount of data transfer capability that it can ship up result 
data of a few megabytes to its supervisory computer named 
"discharge control computer" within a limited short time for 
data analysis at a shot-interval of 10 to 15 minutes. 

This paper reports how we designed the control system 
utilizing VME components in order to satisfy the above 
requirements for the JT-60U plasma control. S~tion 2 of 
this paper describes the configuration of the VME plasma 
control system. The characteristics of the VME system 
including its plasma control performance are described in 
section 3. The final section is a summary. 

Table 1 JT-60U Plasma Control Data 

Item No. of Data Data Amount 
Channels (kByte) 

Input Data 
Magnetic Sensor Signals 70 
Coil Voltages and Currents 11 
Control References 5 

Calculation Data 
State Parameters of Position 5 

Output Data 
Control Commands 5 

Total 96 

2. CONFIGURATION OF THE VME 
MULTI-PROCESSOR SYSTEM 

2,000 
330 
150 

300 

300 

2,280 

As shown in Fig. 1, the JT-60 plasma control system 
contains two feedback loops. The major loop is for plasma 
heating and gas fueling control and the minor loop is for 
plasma position and current control which is done by using 
five sets of poloidal field coils. Control cycle of each loop 
was decided corresponding to time scale of change in its 
control objectives: 
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narned MVME050A (Motorola, Inc., 
U.S.A.), which has functions or bus 
arbitration, system reset, system clock 
generation and serial clock generation. 
A host computer of the workstation 
Sun3/140M (Sun Microsystems, Inc .. 
U.S.A.) is provided for developing the 
V1v1E microcomputer programs under 
a Unix operating system, where C 
language is available. 
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Three MC88100 based RISCs 
named MVME181 (Motorola, Inc., 
U.S.A.) are equipped in the rack A. 
The 32-bi.t RISC computer, which 
supports floating arithmetic, operates 
at 25 MHz along with two 16-
kilobyte cashe memories named 
lviC88200, One of those (CPU#l) is 
dedicated for collection of the magnetic 
probe signals and coil currents, llh1~nn•lk 

S)·!lcm calculation of the state variables of 
plasma current and position, and tile 

Fig. 1 Dn!fl flow in the JT-60lJ pbsma control system 
plasma vertical posit.ion control. The 
others (CPWi2 and CPU#3) execute 

The response of the plasma ccntrol system for the JT-60 
Upgrade must be more than three times faster than that of the 
original system from the vie.,vpoint of the vertical positional 
stability of the plasma. However, it is very difficult to reduce 
funhcr the execution tirnc required for tll<:: d~~L.! input/output 
and more accurate calculation b".;rnuse the original JT-60 
plasma control system, where the minicomputers and the 
microprocessor were equipped with accuracy of 16 bit and 
clocks of 2 to 2.5 YiHz, was designed about ten years ago. 

Although adoption of a.'1alog controllers may be one of the 
methods to satisfy the alxwe requirements from the viewpoint 
of control response, it is hard wurk to keep the controllers ix; 

in good condition and it takes much time to develop their 
control algoriL'1m for sophisticated control. 

A Vl\ffi bus system has the features that (l) we can utilize 
the fastest processor with 32-bit or more accuracy at present, 
(2) its system clock (16 MHz) is faster than the CAl\1.AC 
system clock (5 Hz at maximum), (3) VlviE bus modules 
interfacing with CAJ\.1AC systems are on the market, etc .. 
Hence, we have decided to replace the 16-bit minicomputer and 
microprocessor based system with a VJ\.ffi multi-processor 
system where 32-bit reduced instruction set computers 
(RISCs) of MC88100 and 32-bit microcomputers MC68030 
arc adopted for the plasma f~dback control and magnet coil 
current control respectively. 

As shown in Fig. 2, the VME multi-processor system is 
composed of 4 V1'.1E racks, which are connected with each 
other through 6 bus repeater/expanders (PT-VYIE902A-l, 
Perfonnance Technologies, Inc., U.S.A.). One of the racks is 
dedicated for microcomputers and the others for I/Os. The first 
slot in the rack A is occupied by a system controller 

the fer,.,dback control of plasma current, 
horizontfil position and the height of X-poit from the divenor 
plate, and the calculations for the protective interlock of the 
coil system. 

The rack A is also equipped with a MC68030 based 
microcomputer named MVIvfEl"i7 (Motorola, Inc., U.S.A.), 
which communicates with the three RISCs through VME bus 
and with L'1e host computer through a local area network of 
Ethernet. The communication programs are executed under a 
real-time operating system named Vx\Vorks (Wind River 
System, Inc., U.S.A.). 

In the racks B, C and D, analog-to-digirnl converters 
(ADCs) and up-down counters (UDCs), which have been 
newly developed, are provided for digitizing the coil currents 
and integrating the magnetic probe signals respectively. The 
ADC has eight input channels and its resolution and 
conversion time are 12 bits and 5 µsec respectively. The 
UDC has four 16-bit up-down counters for the input of the 
pulse signals with a maximum frequency of 2 lv!Hz from 
voltage to frequency converters. A digital input/output board 
named ivfVME340A (Motorola, Inc., U.S.A.) is equipped in 
order that event signals from the plant and plasma can 
interrupt the computers and that the computers can put out 
interlock signals LO the actuators. A digital-to-analog 
converter named DT1403-4 (Data Translation, Inc., U.S.A.) is 
used for feeding the plasma current to the DOC. 

A CA.MAC crate is provided for transferring data between 
the RISCs in the VME system and its supervisory control 
computers and betwe.::n the RISCs and the DOCs. The VI>1E 
system is connected through a CAMAC branch driver narned 
CBD82 J 0 (Creative Electronic Systems, Switzerland), a 
branch highway and a type A2 crate controller (CCA.2, 
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Fig. 2 V:ME multi-processor system for the IT-60U plasma control system 

Standard Engineering Corp., U.S.A.). All the CAMAC 
system parameters such as addresses, functions and data word 
length are mapped on the V:ME address field in the branch 
driver, which also has a multi crate addressing capability. The 
branch driver is, hence, suitable for fast and large amount of 
data transfer in the plasma control. 

The CAMAC crate is equipped with an auxiliary controller 
with D-port (ACD, Kokusai Electric Co., Ltd., Japan), which 
is provided for transferring the discharge result data from the 
VME system to the discharge control computer. The control 
commands are directly transferred to the DDCs through 
auxiliary controllers with branch highway port (ACB, Kokusai 
Electric Co., Ltd., Japan). Many timing modules are also 
installed in the CAMAC crate for generating, receiving, 
transmitting and masking clock pulses and trigger signals. 

3. SYS1EM CHARACTERISTICS 

3. 1 Pipeline processing 

Figure 3 shows the plasma control time chart of the 
VME system including the DDC control system. The VME 
multi-processor system for the IT-60U control is a pipe-lined 
system with two kinds of sampling clock of 250 µsec and 500 
µsec. The former is for the control of the plasma vertical 
position and the latter for the control of the other parameters. 
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The CPU#l first collects the data from the magnetic 
sensors and the magnet coil power supply shown in Table 1 
with a sampling period of 250 µsec. The time required for the 
data collection is less than 50 µsec. The CPU#l, then, 
calculates the plasma state variables with the signals from 
magnetic probes and flux loops. The CPU#l also executes 
the calculation for the plasma vertical control and transfers the 
calculated command of the current or voltage to the DDC in 
the horizontal field coil power supply (H-DDC) with a cycle 
of 250 µsec. The time required for the above execution is less 
than 250 µsec. 

The CPU#2 and the CPU#3 execute the calculation for the 
control of the other parameters such as the plasma current, the 
horizontal position and the X-point position and the interlock 
calculation for protecting the magnet coils and the first wall 
components, following which they transfer their control 
commands to the DDCs except the H-DDC .every 500 µsec. 
The time required for the execution in these CPUs is less than 
about 300 µsec. Since the DDCs execute their control 
calculations in 250-500 µsec, the delay in the plasma control 
system for the vertical position control is less than 500 µsec 
and the delay for the other parameter control is less than 800 
µsec. The plasma vertical position control loop including the 
magnet power supply and the magnetic measurement system, 
hence, has a sampling period of 250 µsec and a delay of about 
2 msec in total. 
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Fig. 4 JT-60U plasma shape and 
the controlled parameters 

Fig. 3 Control time chan of the VlvfE multi-processor system 

3. 2 Plasma Control Perfomwnce 

Figure 4 shows the shape of the JT-6DU plasma along 
with its comrolled parameters, Le. the plasma current (Ip), the 
plasma horizontal position (.0.Rp), the plasma vertical 
position (~p), and the divertcr X-point position (Xp). In the 
initial operation of the JT-60U, the feedback control system 
well controls these p:lrameters by PD (proportional and 
differential) control with malrix g::iin and stable divl'.rtOr 
plasmas with pl2.sma cuITent of 5MA have been obtained. As 
an example of the control performance, che step response of 
the vertical position LlZp is shown in Figure 5. The 
amplitude of the fluctuation is less than 5 mm and the settling 
time is Jess than 10 msec short, though we observe the 
m•crshoot which may not give bad influence on plasma5. 

4. SUMMARY 

The V:M:E multi-processor system, where three RISC 
computers are adopted, have b->...en newly developed for the JT-
60 plasma control. The new system makes it possible to 
execute more accurntc and faster control of the plasma position 
and shape. In the initial JT-60U experiments performed from 
the last Aprii through October, stable divertor plasmas with 
the current of 5 MA have been obtained with this control 
system. 
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Fig. 5 Step Response of the Plasma Vertical Position 
in the Feedbacl: Control 
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