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ABSTRACT: [Objectives] In order to support the testing
requirements of the international thermonuclear experimental
reactor AC/DC converter system and apply to high-precision
control standards for future fusion magnet power supplies, a

real-time control system suitable for high-power DC test
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platforms was developed. [Methods] Choosing the QNX real-
time operating system as the core platform and combining it
with reflective memory technology provided by GE company
in the United States, a network architecture for real-time high-
speed data exchange was built. The system was designed with
multiple operation modes to cope with different testing
scenarios, while implementing different levels of safety
interlocking mechanisms to ensure equipment safety. This
system possessed the capabilities of setting converter operating
parameters, fault identification, equipment status monitoring,
and millisecond-level real-time control and safety protection
functions. [Results] Experimental validation has demonstrated
the system’s stability and reliability in high-power
environments, achieving precise control of 120 kA steady-state
current and 500 kA pulse current. Furthermore, the system not
only meets the basic requirements of real-time control but also
ensures safe interlocking and continuous stable operation of the
equipment during multi-mode operation. [Conclusions] The
designed real-time control system for the high-power DC test
platform achieves efficient multi-module synchronous
management and fully complies with strict millisecond-level

control cycle requirements.
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(international thermonuclear experimental reactor,
ITER) AC/DC % i 2% R 4t ik 36, [ R 2%
B & NEY R 0T 78 e T 2011 SR A 1 B A Bk
M= Th R BRI 602 4 B 5T W 1 AC/
DC AR & AT HCR FH R0 AT 3 ) A R I ) 7 2sk
PL T A E R4S ELUR HLUAL 120 KA % A 500 KA ik
FL LA I AE S BRI & E 2 2 6 BIR
LAY 4 BN GBI 4 & HR-F a4
i BB AR HIEUE BN 500V, BIUE RN
30 kA, kP ELR LI AT IA 100 kA/s. 4 &AL A
BT AR 4 0 2 5 RN [ B H BRI
75 R,

M-F & R G AFE LN 26 R 5. B
KA KA RG . wRRSKI &R E R
489, BRI

D SERER RS ZRGH T RERREE
TZHINPIE . iR aiT B E . B
A B . R S B KT ISR Th R, 58
AR AT . ISR AT, R RRRIEAT
SR AR B A s AT, AU A R A R
RAGL I A ORI o AR BE A WA T HE R AP SR AR
XA A B A AT MUR BB R A FE R B
DL N R 2 AT IR
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Heds. BERSG L RO EL. BREES, ¥
B A s S A, RIS T BRI AR AR
1 28 G2 06 2 A W B 7, SRR I AN T DU
TESHEI0ME, HIERWRES, HAjsHmiER
RSN 10 kHz.

3) WRRSKN L EERG . ZRGH T
YRR INAR He 3 . R AR JOT ORI ROIRES, IRAE
WA EAN N ET EoR, RN ZERITR. 2k
WA I FE R A -

97 AR v T AR B T ) S IR R
R, ASCIEFEQNX SERRE RGAENITR TG,
AT B S TR A R AP B I, R
FH 52 ST P A7 D) 4% Siz T S I B8R v S L, 58 RS
I RGBT, LI & IR RS
SN PR R OR AP o SN 2 ) R G 2% N i 1Y)
2RI, AR X X 4 Bl A S PR R 2 R K

TIREZE S, 4 ST S RGO 4 45 A 5
TSI % DRI 2 B R R R4, %A
20 ST, T R P E T B I (R — I
RO EEM R, LURERCR R,

1 ST R ST

1.1 RS PEAR

W TN, SRR S e 1 ) R AR AR
TP A A DA R R s ) B A .
il ERAE S S 2 030 20 BT 40 S A A,
SREHE A B LA TR RS S M, TR R AR E
I o T A o P S R O 2% o T S A IR S AR 7 R R
BEE A5 W 20~100 ms, 5 FH 55 4 PAK R 58 1%
E3CEREB P

Y=k E Ay
-QNX -QNX
SEZ R ) ) P
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Fig.1 Topology of real-time control system

D $E#lR/E. KA 3U cPCI & HERETHE LA
WEAEF &, B SO NAF(RFM) R —3e. B IER
KM R—E, R, BT ENRE. &5
R 1 B % T B 1) S I s R T R

2) EEHlEE. KA 3U cPClE MR ITHHEALN
L&, AL RFM K —H. % A% (DI/DO)
B XA SRR IRAE A SN, AETT
WIS AT BT TR BIR AT b, 1% 8RR P ia
AT JE B 25 A 4% 1] 2% (local controller, LC) & 1% #4%
i) P B s A PR RIS AT A U AR S 1 R iR
4T L 451 B2 43 (proportional integral, PI) 151z & ,
FEANFR A A4S LC ¥ fi e Bt o S it e F i 2
ik RFM 283200, S it B iRt R 4R B LC 58 ke
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B, A/DR 1. alphafzffil K8, @it ADF
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55, SRS . @i DY/DO 526l
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BIAWZOREE. KR KEZES, £ LR
Bz — I B 238 1T S A B AR 7

4) BB P s . SR PETT T S7-300 &
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PEERA T 05 DU S IR . B E = ST %
BT AL, G DO MR AR HIE S, Pud B
A HL TS S ALGTT R
1.2 RGP EIEHF

SE I #: E R 4t (real-time operating system,
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1.5 BTEHERK

B R BT & 1A I 88 7S R Y A
AR TAE, DA 2 F R E k. ik 2 i
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Tab.1 Interlock protection
EB 2 Eitipay I

PLCHTIUIS N d M5 5 ARAT G W il e

BRI iR
PLCHTINAK HUARSE, Bk sk Mt

P BRI A

I % PLC R BEE, BEHRR TS mol ok R 9 B A

Kol 2z 4 BIRCIRAS , A PIRLIR R A A OR Y BE T 41042

FLAE RS 5 7 R iR R B AR AL
32 ] A FRLIAL I A KAl R LR R AR AL
66 kV i I IW=F)
a1 5 =8 [ P R M2 P A o S I AR o
. s e o Wit
B, I PLC PRI i LA 15 5 IR W w8
[ O RS Y NDAR e /171 il EIDfen SAT-RiTA I
FAE S EOE B SRR WP ek
PLC, DAPRIA K IT 5 &
x2 BITER
Tab.2 Operation modes
B4R kSR SRR ZH
HtfriasT CU1/CU2/CU3/CU4 30 kA/0.5 kV
Witk CU1&CU2/CU3&CU4 60 kA/0.5 kV
VORI BR CU1&CU2&CU3&CU4 120 kA/0.5 kV
MR CU1&CU2/CU3&CU4 30 kA/1.0 kV
DO Bk CU1&CU2&CU3&CU4 30 kA/2.0 kV

1.6 AWK EFHE

BEHIEAESI NEIRAL . KPR rERER
2 S N KRG ANAZ B . KA QNX
£ 4 E 1 [ Photon micro GUI(Photon i B 7 FH
T K H 5 Windows #AE XU AHALL 1) 45 1 42
Fh.

Photon i B 2 [ 47 s 7E T 3R WL ETE N FH % 7

TN B T — RAIE X, 7 HiX X
% — 2 WRF AR IR AR S, e T — MR =
#E A 73 [A] (event space). BE— P IEPEFRAE [X 15k
(region). IX 48 [X 35 Fe 6% K A A2 SRR 2 AT 42
XX R RN FE A (events), WK 2 HHFi kTR,
EAMEIG T (photon)— ¢, ZFERRAESFAF A3 ) (Y X
Wz 6], 2523 a0 X R AR, X% 9
P 2R R BBURE ) DX It 2 AE A 12 X A 2 FH 7R
S FIRAARIAR T, sSSP A

TRET/A A
GHZ

B2 HHEmZED
Fig.2 Event space structure
K3 N AN B I T HAESE, il 3 o,
% R G0 S N A I 2% 58 I I AR R G
AR, @ AP B YE #R (user datagram
protocol, UPD) W8 & 4% il dy &, I Pl % ,
Mo & E, #id Telnet Pr 3 F2 5 5 A1 2% 1L S
PEf R RIRERE, LR BoR IR AP & BRES
AR = Bl ) FRLRR I o B A% 2R G4 Pt Tty 58
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| HEATENE i WERE | e

| RIEBRCFAE i 2 ! :

| IR T e ol __BESHRE |
e = b BABGURE
FILRE T - :
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| RIETR T - 2 |< TelnethHis s -
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Fig. 3 Design framework of man-machine interface
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4 S Telnet B 130378 FE & 55 S 45 1) & 48 A
FHE BN . PtTty #2142 PhAB K JE 7 1%
IR ASE R — A&, M

Ui AT shell ar 2>, RPA—DEHIER A, I HAe
WS AT AR SN

Bl 4 R R AN B 5w, LT A
IFEHIERE T . BHSREFETEERR. B
s TR, IERFE
RS RE

\BUE RO IRk

WL BAR A £
ficinze it

ssssss

zzzzzzzzz

iR
S IR T

JR B

M4 AT TR
Fig. 4 Diagram of human-computer interaction interface
L7 AHuEHlB
A% b A7 1) 5% S I SR B M HL UL B [ B LA
AR F M R IR 2 (B % LU B 3 D) B R ) T
PEARZS, IR B S A A S I 42 i I B BBOR B 3=

P R G WS S T e, R HBEAT B A% S
PR, S BRI T & B A 1K
iﬂ‘@‘i%&%*ﬁ?’*%ﬂ (7 B 9 % A A 170 37 HRL IR
&5 E T&%TWY?;&HTF%'JI‘JQ%L% 5 1

%Uf%?}i I B N R SR AR I T )
ﬁéi@@\\ WO S . AR E S, DL
MASER 2RSS E. KR, KEZERES, TJ:

R 2 — WIS B 2GS AT iR A AR Y .
B 251 29 1 ms.

F£F cPCI 115 7 alpha 2 1] 45 /2 A< 3 5 1 (1)
WAL, SR F BT BT alpha 428 i) = 2H 2 o
FE— AN cPCIFR RS il T B A AT 3E A A 7] e B
E%&iﬁ%ﬁﬁ‘]ﬁﬁl%%ﬂ%ﬂ? MR S 2% Wk,
H CPU 115 il /& /A B, @ alpha 42 il #5 52 1 AR

TRAR T, IRk R Rk R e AN, Alpha $5HIR
B it R AS 5 18 ' £FFs A LS TED ) fid A ik o 3

B 5 W . RS ARUR AR AR B — ML ) alpha
RG] A G A A B W 5 Fros . AR

LR A N\ P i) s A R AR AU R S AR U R A
TN BEAT 2 AR B R BT, AU B
P A% T o 5 T da N R Y, AT BB
Ry

Az i 45 CPU

TSR || R || R
A \ \
Y A
# .
= g
o :
# B B ® i L
H HHl HHl H# A f;
E £ £ 0 @ X
i i il i Hy A
i
a2 2
VAT
Bod | mkol | mo | Bk ﬁ%EF
Y Y Y Y Y EEE
S AT A
E5 ZAHIEHER

Fig. 5 Control block of local controller
2 SEIHR

SEIS RSP G b 6 Fras, EIRSEIn 3 E ik
4430 kA /0.5 KV AR as Lk, HRYE S Bk E AT L
EARE P NE4T, PLSZEAS [E ) 4 R,

Bo mIIERERMATE
Fig. 6 High power DC test platform
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AN A AR H R BRI, AR S H A RN
120 kA, %t B FFEE KM, T 5 4
W ERGIRIAR. BRI

EARAIZATRS, KA B ARG, e B
T 120 KA B (1) 30 Y 256 25 BN B 7 B o

120 -

100 -

%2 60

HLI/KA

40+

20(

0 1I0 2I0 3I0 4I0 SIO 6I0 7I0 I
i Al /min
B7 120 kA TS BIRIRB

Fig.7 120 kA steady state current waveform
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