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ABSTRACT: [Objectives] The preliminary research device of
magnetic confinement deuterium-deuterium fusion neutron
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source is a novel neutron source preliminary research device
based on field-reversed configuration (FRC) cascade
magnetic compression. It aims to leverage the experiences
from the first-phase construction to enhance system design,
significantly improve plasma parameters, and further expand
research on magnetic compression fusion, laying the
foundation for achieving a large-volume high-flux fusion
neutron source in the third phase. [Methods] The preliminary
research device control system optimized and reconstructed
the control framework, provided safety interlocking, pulse
control and comprehensive data services, coordinated and
integrated each service into the automated discharge process
through integrated control, and added a number of resources
to expand applications and DevOps tool. [Results] Through
the reconfiguration design, the comprehensive performance of
the control system in terms of safety, stability and efficiency
had been significantly improved. The safety interlock system
ensured the safety of personnel and equipment during the
experiment process, the pulse control system achieved high-
precision timing control, the comprehensive data service
provided full process support from data collection to analysis,
and resource expansion applications and DevOps tools further
improved the system flexibility and operation and
maintenance efficiency. [Conclusions] By optimizing the
control framework and introducing advanced operation and
maintenance tools, the design can better meet the needs of
complex device structure and precise discharge flow, and
provide an efficient control system construction plan for the
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subsequent long-term cooperation construction of the
magnetically confined deuterium fusion neutron source

preliminary research device.

KEY WORDS: nuclear fusion; fusion neurton source; magnetic
confinement; the plasma; field-reversed configuration (FRC);

control system; deuterium-deuterium fusion
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Fig.1 Diagram of preliminary research device of the
vacuum chamber of magnetic confinement deuterium-

deuterium fusion neutron source
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Fig.2 System composition of preliminary research
device of magnetic confinement deuterium-deuterium

fusion neutron source
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Fig. 3 Discharge flow of preliminary research device of
magnetic confinement deuterium-deuterium fusion

neutron source
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Fig.5 The hardware architecture of control system for preliminary research device
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Fig. 6 Integrated structure of the control system
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#, 25K W5 N CFET %5l JavaScript X} R KR
% (JavaScript object notation, JSON)E S AFH .

RAE TAENUAE Bt A% fay WA o 3L 580 4%
B A b B SO I v T DAOK A s v R
s R %% %, FE T MDSplus™ % 4 /22 52 il FF A fb
il AL 50 M IR TF B4 55 AT AE A AT 12 2%
TR, TR A T LB O AR A 7 R
Jo H RS AR AT B T T B, AT VRR 6 52 22 1R R A
P REAT A BE5HT

ViR BB, MRS IR MmO S BB R P A
[l (graphical user interface, GUI), #5525 A i
REE PR U 17) 21 _b— S Jikd S0 2048 5 0 pr 45 2R

CRE B IR S T R T SISO 1) v R8O AN
BRI B I B3R A

5 HWIRMA

51 Z—UikEER

CFET 3# {§ Web #pi%, R 4t — % I br iR
#F (uniform resource identifier, URI), 1 418 i
“http://CentralControl. local: 8001/StateMachine/Cur-
rentStateName” B[ 7] 5 [7] 21 v ke 42 1] 5250 1 24 i
W&

W13 2 BT, CFET % R 28 L L 45 Status.
Config. Method 1 Event P74

#2 CFET®IFERR
Tab.2 Types of CFET resource

eS| #eAF %

Status i S R IR 55 11 S IR IR AR
Config WA S A RS e , SRS bR E TR %
Method AR #UT AR FME R T AAT B
Event AT FZH T Status/Config IR H 3hid i
Xt T YRR & I, URL IR Uy el 2 20T
DA ZOHE BT AR I AR BB R . IR SS S vt AR T

URI S J00 B 5 0035 B U i), 138 B il A0 o A2 o
9 s
52 BIRLEENA

AT URLG Ui ER, RIFEREE 5 CH
RESTful API 5 =77 b FH PR e 2s , alid 4 e 4
AR RERMEFEE MRS MRS -
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Fig. 9 Transparent and unified resource access
52.1 GUIAH

WidgetUI #& CFET Jif A= 32 #§ ] GUI 22 H. 5 il
TH, ZTARMEZHZEHER. HEEET URI
Fe&, SEHLS CFET BHIRMERE, ATl Xt 51
AT AT AL R . WidgetUTS2HEH T3, 55
FH 2838 FIAE P B [R5 1% CFET 4 ik B3 5 S 2
FEALRRERAE IR, 1 BT XPIRASHLFR it AT 3h 3 7R
PSP HIER], TR TRE S8
522 CIRZS[ELEHHr

FREARSEATREP B 2L, @i
Xt Status (YIS P PEIE SR, AEDS SEILX SERRIZ AR
BUIRIEL I 53 17 o Status 38 1 7 280 AR T A
Telegraf, JEMMBTIRIEE . FBACIEEHR 25 A
i P 95 P InfluxDB™ ) % 95 85, 8 o
InfluxDB $ fit [¥] GUI J 1] 5 2 4% 1 SE B IR A
AEL A 1B 23
523 ZHHLEEEY

TR SESRTAIREE,  SEge N A R ZE i B R
Config 2 HU iR 0 AL HE0g , B SO R oo id
EZHWER. NERSHER, &0
Config {8 2 18 i3 A 2 T H Telegraf H 2 fF A A4
J& . TP S (1) MongoDB 4 i . Sy S Bt
EALACE, CFET SRt nl e fil S HUE BAER, %
f5% B i URI 48 5€ Config 2 &, BEAE 0% & T
MongoDB & 1] I g S B 825 N BT Config 14%
WS SHEY, MRt R IE X 58 ot 25
It EAL T B

524 jaghHEEH

TR eI A RS, I N R AR
ISR B B AT R LA B2 W 8 R
ZEHERIESK . CFET $2 A n] @ i (1) 58 U5 4% 4 fsl
e, fe HE LRI R, S
BEROL SEEIE AT IR 512 W B 4 i db 3 45 R
WIS S 7 BB T 08 i SRR A, F2E T MongoDB
S I VR E SRk, A KR g N
1B, 35 BRARSI0 0 45 AR TR .

6 DevOps S

6.1 CFETB{THR

NSIEETT R, CFET 3 HI IR 45 22 M Ak
P it MRS A ) BARIE AT 24 il 2 BT
AT FE 7 APP 0] 3 & £ 4% Thing, — 1~ APP 1]
B HH £ A Thing.

ThingDI1 7 J# T 4 #H 5% 3l 2 8 +% 2 (dynamic
link library, DLL), 45 Thing [ 5 LA K A #8211
DLL; Thing Config {7 AH X C AL &, B
Thing 12K % SYIMAILECE, I H NS4
XJ B Thing £ #4514 Global Config 7 il APP
A RAE B . CFET RS AT B AN K 10 o .

T
Global Config
Thing Config
‘éﬁz%ﬁdﬁ
et = Ei=y
ThingDll B 1V APP By
- EA [EE

El10 CFETR$BATHR
Fig. 10 Operational model of CFET service

Hrb, JE3IES, APP T SEAKHE Thing DI 58 B
DLL Zh &N, PR #E Thing Config 56 T A
Thing 3 & F %, & 5 {K#E Global Config 58 %
Web il 5 BRI W UG, RIAT - 4R12 4T IR 55 5
1% 3K . Global Config # Thing Config £l 7 APP
MR SCARECE, SLIRIM R APP TG EH -

ZIB AT AR S0 APP 5 %/ Thing Sl 37 FF &
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RS, ATHEIA. HEMNSYE LT TSR
WRBEEIF KINTER, B RG RS — RAE
B, g EH XS4 DevOps 5Lk, M
TR E R AT S gexi%, R N
T, HaIR R G R RR E HEFIAT SE 1
6.2 G—fRAEH

2 il 2 40K FH Wi B 11 B R B SR8 SR AR
iy FEFe AR o BdE g — AR E #E

%ijﬁﬁ%

EATDIE R . Hait TR 15 WRAAE ik

=D || S | G

g ——— DL
TN

B G—mRAEEER

Fig. 11 Architecture for unified version management

FERMAHIT K G, ASiE Git AT R B
A2 3] GitLab 3z F2 0 3, fifi & GitLab £ 2248 &
(continuous integration, CI)™X%f XS 1) H 3 H4 14
L MRS A AT, RWARGE I, UK R R
PRICHRAS J5 H 328 A5 22 5 F Nginx ISz B 1) 5125 AR
i KWIMEA T B 4ET LM AN AR,
i 55 50 B R AR i 4 b O SR AR R BB A, N
Nginx Hr BUHE € WA AR P, £ GitLab H [7] 22
TRAF AR E

IR —RAEE, B RAHITERS
A DAEAE SR B SE B ARA [FR, AT IR R G
P RE 8% 8 HLAS 8 Mg AT SRR
6.3 BakEE

I Bl A FS 38 2 T R A A BRI S A A S
53 9 TCHR B R P 8 2 B B

FETCHAE I E N B, A A TSR

3FEE A, FAMEFRHET A oHES T
R, FHOKIZ 26 P URT A APP BRI RAS 5 5%
AN TCEARE s TR AR AR RO i R
URI $7 50 70 5508 20 At 505307 350 38 S e A o
WEUE AR TR, T I Ak R B A AN
5 R BRA — B

PR W BOAT A — B AT ZEARE T
HHmie B, BB B 4R E MU 1Y) APP A
DLL. #8 & A Thing 170 B AR 2 5 K #i DLL
[ I 4% 437 B 3 Thing D11, 4 Thing Config & £ $2
5%,

H 3N B 22 AE A B A I, i o
Bl D — 2D a1 RRA TR I I BUR
6.4 HEhizgEH

SCHRIREE N, 25 IR 55 AR 4R 478 ) 75 5Kk 43 A 1
Windows 47 # #1 . Ubuntu ¥ ¥ H1 5 Docker % %%
H o R RS JEE TR A E AR T 1 4 AT 24
24, KR FEAT TH Salt™ Sl & iz
YEE

Salt & T~ 3 Al % it RO ARG BE &, ARG 4k
77 E BN B BB E . Salt SR A M EEH,
T S5 AT I Grains 76 508 PR 85 . TP Hhik 45
BEE, T AR X L B X AT s 47 40 26
EH, EENEMIE SRR, 9 s0EEE X
Iy RORZS SCAF 225 AT 5, R TS 4%
M XA B PATER S . GBS
MRSSEMIBAT TS, WK 3 Fim.

x3 ET Salt REHHELEHTIE

Tab.3 Operations and maintenance management

functions based on Salt state files

e [T
A CFET IR 45 it /5 Sk
SR HEER B — SR B
s tore e oy PV SRR M
SN TR e
SR R0 130 L 8
iy SRR SRR
eSO
FSRBEMORER o | omss s v a1
BITBH
SRR, P R R A
7 g

B ATUR I AL 7 IR T3 B 0 45 4 R
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