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Abstract 

A direct digital control (DDC) system is adopted for 
controlling thyristor converters of power supplies in the JT-60 
tokamak built in 1984. Microcomputers of the DDC were 5 
MHz i8086 microprocessor and programs were written by 
assembler language and the processing time was under lms. 
!hey were, however, too old in hardware and too complicated 
m software. New DDC system has been made in the JT-60 
Upgrade (JT-60U) to control the power supplies more quickly 
under 0.25 and 0.5 ms of the processing time and also to write 
the programs used by high-level language. The new system 
consists of a host computer and five microcomputers with 
microproc~ssor on VMEbus system. The host computer 
AS3260 performs on-line processing such as setting the DDC 
under the discharge conditions and so on. Functions of the 
microcomputers with a 32-bit, 20 MHz microprocessor MC 
68030, whose OS are VxWorks and programs are written by C 
language, are real-time processing such as taking in 
instructions from a ZENK.EI computer and in feedback control 
of currents and voltages of coils every 0.25 and 0.5 ms. The 
system is now operating very smoothly. 

I. INTRODUCTION 

Control of a current, positions and configurations of 
plasmas in a tokarn.ak is done by poloidal magnetic fields, 
and power supplies of the poloidal field coils have to be 

controlled very fast to suppress intrinsic instabilities of 
plasmas. A schematic diagram of the feedback control system 
is shown in Fig.1. Magnetic probes measure magnetic fluxes 
of plasma and a ZENKEI real-time control computerl 
performs as follows: calculating the positions of plasmas and 
the derivations of the reference positions, multiplying PID 
gains to the derivations and outputing the command of the 
coil-currents. Direct digital control (DDC) of JT-60 poloidal 
field power supply (PFPS)2 carries out that taking in 
commands of the ZENK.EI (Ip ref in Fig.I) and giving out the 
delay angle cosine (Ee) to phase controllers (PHC) of 
thyristors. Thyristor banks have two sets of the converters 
which deliver the plus and minus direction currents (11 and 12), 
r~pectively, and during low-current under 20% of the rating 
c01l-current two converters supply circulating currents (le) to 
operate the thyristors smoothly. 

II. DDC SYSTEM 

A. Functions 

The DDC performs two functions in details such as on
line processing during no-discharge and real-time processing 
during discharge. Functions of on-line processing are as 
follows: (I) setting the DDC system under conditions of the 
discharge instructed by the ZENKE!, which are in detail 
instructions and checks on the discharge mode of CAMAC 
modules and of PHC and are diagnosis of them before the 
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Figure I. Schematic diagram o~ feedback control system of plasma position 
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discharge, (2) managing the time-sequence and (3) collecting 
and transferring data of coils' currents and voltages to the 
ZENKEI after the discharge. Functions of real-time processing 
are taldng in instructions of a feedback control computer IIb of 
the ZEiW..EI and in currents and voltages of coils which are 
measured by direct current current transfonners (DCCT) and 
voltage dividers (VD), calculating minimum time response 
control and non-interactive control algorithms and giving out 
the Ee value to the PHC every 0.25, 0.5 and 1 ms as shown 
in Fig.1. 

B. Original and old DDC system 

The original DDC system consists of five CAJ\1AC crates 
correspond to five converters of PFPS and one crate for 
collecting data. Each crate has many modules as shown in 
Fig. 2. Functions of the modules are as follows. An ACM 
module with a 5 MHz i8086 microprocessor is most 
important module and performs almost all control of the 
DOC. An ACB module is communication crate between the 
ZENKE! rind the DDC CAMAC by branch highway (BH). An 
IN'ffi mo<lule is taking in the timing clock and the interacting 
events. j\1any AI modules are taking in coil-currents and 
voltages, DO modules are giving the instructions of start/stop 
of operation, on/off of bypJSs pair(BP.P) operation2 and Ee 
values cclculated to PHC. 

Purposes of adopting the DDC in PFPS are not only fast 
processin6, but also having the flexibility in the control. 
However, the programmings written by assembler language 
were very complicated and were very hard to change. Because 
the 16-bit microprc.'Cessor was very primitive in 1984 and it 
h:id to execute many processing during lms. In order to solve 
the problems, a developing a new system was tryed. In the 
system a mini-computer ECLIPSE-MY was used instead of 
the ACM and Ada was used as the language. The system could 
operate preliminarily, but it was special and expensive. 
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Figure 2. Schematic diagram of original CAMAC carte of 
DOC system in PFPS 
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III. NEW DDC SYSTEM 

A. Objectives and configurations of new system 

In JT-60U, plasma current increases to 6 MA and plasmas 
have large volume of 100 m3 with vertically elongation3. In 
order to suppress intrinsic vertical instabilities of elongated 
plasmas, there needs faster processing and more flexible control 
in DOC to change the control algorithms easily and to protect 
over-currents of coil-power-supply systems4. The target of 
processing time is under 0.5 ms and is hopeful under 0.25 
ms5. The flexibility of the control is as follows; (1) switching 
operation modes from circulating current mode to non circu
lating current mode, (2) changing control method from coils' 
current feedback control (ACR) to coils' voltage control (VR), 
(3) starting and stopping thyristor converters with many 
patterns such as gate-shifting, BPP and so on. For these 
purposes old DOC microcomputers and their softwares were 
too old in h3.rdware and too complicated in software. 

In order to fulfill above-mentioned requirements, a new 
DDC system had to be made, and the configurations of the 
system are as follows. it has lr'..en adopted to a newest 
and fastest microcomputer to write programs used by high
leve1 language C and to execute the floating calcul:ition, 
because the programmings and maintenance of the system will 
be easy. Second, the system has been made under the envi
ronment of because the uNIX has been ready for 
debugging, editing, using many application programs :md so 
on very strongly. Third, the network had to be adopted to I.he 
standard communication software, because there need no 
programs of communicntion. Finally, we divided the functions 
possessed original microcomputer i8086 in the on~Une 
processing and the real-tiine processing. Because we want to 
program under the environment of useful and strong 
operational system(OS) which is equipped with a work 
station(WS). The WS, however, is very hard to process the 
real-time processing very fast, so this processing is executed 
by the microcomputer under an adequate OS. 

B. Hardwares 

An architecture of DDC systerri developed and made for 
the JT-60U is shown in Fig. 3. The main components of the 
system are a host computer AS3260 (Toshiba Corp.) , five 
microcomputers MVME 147 (Motorola Inc.) and five 
CAMAC crates correspond to five conveners of the PFPS. 
The AS3260 which is the same specifications of WS Sun 
3/60 is connected with a cthemet cable of the ZENKE! by a 8-
channel transceiver and a bridge, and also connected with a 
ethernet.cab!e of MVE crates by two 8-channel transceivers, 
two optical remote repeaters and two splice boxes through a 
optical fiber. The microcomputers which consist of a 32-bit, 
20 MHz microprocessor MC 68030 and a floating point 
coprocessor MC 68882 on the MVEbus are mounted on 
chassis possessed V~fE backplans and power supply. The 
chassis encloses a CA.MAC branch drivers CBD 8210 
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Figure 3. Architecture of new DOC system of poloidal field coil power supply 

(Creative Electronic Systems) which connects the VME crate 
und a A.2 module of the CAMAC crate by the brunch highway 
und a 1/0 transition module MV"M'.E 712M. Except the ACM 
module, the CAi\iAC crate is quite same as the original 
architecture explained as the former section, namely it consists 
of a ACB module which is connected the ZENKE! Ilb by BH 
and DO, DI, AI and INTR modules which are connected a 
PHC, DCCTs and so on. The system has still another 
hardwares such a V11E crate for collecting data and a WS 
AS3160 and a CAMAC crate for testing the system 

C. Softwares 

An organization of the DDC software is shown in Fig.4. 
The host computer whose OS is UNIX performs on-line 
processing described in section II.A. The main programs are 
an on-line processing task, a ZENKE! communication task 
and a microcomputer communication task. The configuration 
of the ZENKE! communication task are as follows: (1) the 
processing execute each power supply separately, (2) the 
communication protocol is TCP/IP, (3) the connection 
between the ZENKEI and the AS3260 is set by actively and 
(4) the client is the ZENK.EI IIb and the server is the AS3260. 
Second, the configuration .of the microcomputer 
communication task are nearly the same as that of the 
ZENKE! communication task only except that the client is 
AS3260 and the server is each microcomputer. Finally, the 
on-line processing task performs as follows: (I) setting the 
DDC system under conditions of the discharge such as 
reasonable check of the power supply circuit and of constants 
values of many control tables and diagnosis of the crates and 
PHC before the discharge instructed by the ZENKEI and then 
answering back, (2) collecting and trans-ferring data of coils' 
currents and voltages to the ZENKE I. 

Microcomputers whose OS ar:e VxWorks (Wind River 
Systems, Inc.) carry out real-time processing. The main 
programs written by C language are' a real-time processing 
task, an interrupt processing task and a communication task. 
The communication task performs watching and executing of 
the command to the CAMAC and the referencing/changing 
memories of CPU instructed from the host computer by 
TCP/IP protocol. The real-time processing task is set by the 
main task of the CPU, and then it begin to execute the real
time processing at the time of LAM (look at me) interrupting 
signal from CBD. The sequence of the real-time processing is 
as follows: it catches the LAM signal from the ADC of the 
CAMAC, then it takes in currents and voltages of coils, 

...,.....------,I AS 3260 
ON- LINE 

PROCESSING 

COMMUNJCATION 
PROGRAM 

TCP/JP 

Figure 4. Organization of new DDC software 
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calculates the control-algorithms and gives out the Ee value to 
the PHC every 0.25, 0.5 and 1 ms. Finally, the interrupt 
routine works from the interrupting signal of the CBD. The 
routine perfonns reS-<cis of ti1•; PHC by the BPP-command nnd 
of !.he Ee vu!ues of the PHC at the repair of thyristors, and it 
do also start-preet~sing of the rccl-time processing. 

IV. TESTS .A.ND RESULTS 

I~·Je-:~v !)DC systen1 ha5 been m3de anrl tcstt:r.t J.\. precessing 
time which is measured from input of data to output of Ee 
calculated is si10wn in Table 1. 

V/ith (~.{~ 
Without C.C 

/,_CR: 

C.C: 

Table 1. 

PSF PSV PSH 

328 350 27B 
258 264 230 

304 335 261 
267 267 237 

Auto Current Regulation 
l~.cgu lc1tion 

1,,u."'"''"lS Cum::nt 

PSQ PSM 

299 
?".!"". _ _,,., 185 

294 
238 190 

achieving the target that the 
tirne is und~:r 0.5 m~:. 
tirne of 216 tis in C.C mock 

cn:tlll1smg ili,:; ck:ck: time 

from 20 MHz to 32 MHz s. 
the m1cr1JC{Jm1pu:ter :tviC 68030 

5 shews waveforms of currents on of PSH 
power m.rpply. An upper wnveform is a current of plus 

a middle one is a minus one and a lower one is a 
:mJ mi.nus ,:.1in:•:nts. A I :-1 c:U·:.n 

PSH1 OI>f:i PSH2 power which deliver plus and 
minus current, At ltk: current 
11 which is a half of current, PSHl stops and 

PSH2 works. The const:mt current of 12 Jr.A is continued 
1.5 S£;",cond, and then it decreases. At 0 point of 4.4 kA 

1.vhich is 20% of the current, PSHl works again, and 
then tlH; roil CUIT•Jnt switches from minus 10 plus. At the end 
of the PSHl and PSH2 are to termin:ot<:~ in gate-

in hwerter for reducing 
the coil Clh-rent quickly, and the results are very satisfactory. 
In orcier to achieve this operation, some new aigorithms and 
computer simulations we.re perfonncd. 

~rhe ne~~v l)DC syst,;:;ni has been n1ad~-~ 1;:.;sted and ""·'"~'''"" 
on five coil-currents' power supplies, and the results showed 
that the system very smoothly about the very 
sophisticated control such as switching operation modes, 
changing control method from ACR to VR and stnrting and 
stopping of BPP of thyristor e>:)nverters during the real-time 
control. ivforeovcr, the new system was applied to controlling 
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the vertical instability of plasmas, and the results showed that 
the oscillation amplitude of the vertical instabilities decrease 
from 4.5 cm to 3.2 cm as changing the clock time from l ms 
to 0.25 ms, rcsp~tively 5. 

c 
u 

5. 
\V:n',:;forms currents controlled 

(" . ~, 

new DDC system 

V. CONCLUSIONS 

W<; hc1v1;. indified ;Jircr.;[ control (DDC) system of 
converters in JT-60 poloicl11 power to 

pnx:css quickly and to have the flexibility in the control. 
Results of showed that these modifications h::lve 

We would like to thank 1vfr. K. Ujiie for his helpful 
discussions as DDC. \Ve also wish to ti'lank our colleagues of 
JT-60 Power Supply Group for help with these works. 
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