(IRTF- Iz R IFIT))

wwwapracen  Nuclear Physics Review
Started in 1984

HTRAE-PIDH LI CIADSHR IR BE £ B 5T R HDCSSKH

it BREE dum STE AER WEE YL mBiE ek

Study of Beam Intensity Control for CiADS Facility Based on Genetic PID Algorithm and Its Implementation in DCS
Control System

DANG Shiwu, LI Xinxin, CUl Wenjuan, MA Wenjing, ZHOU Detai, HE Zhiyong, YIN Kai, GU Ruifeng, NIU Haihua

TELR R TE View online: https:/doi.org/10.11804/NuclPhysRev.40.2022085

@IFFH‘%JC

CEREEEE, A OUIR, TSEE, RIAER, PR B, T, BB, i TR -PIDSRE 1Y CIADS U SR BE P HIAT Y K H
Dcsjuyb J1. E TR BT, 2023, 40(3):472-477. doi: 10.11804/NuclPhysRev.40.2022085
DANG Shiwu, LI Xinxin, CUI Wenjuan, MA Wenjing, ZHOU Detai, HE Zhiyong, YIN Kai, GU Ruifeng, NIU Haihua. Study of Beam
Intensity Control for CiADS Facility Based on Genetic PID Algorithm and Its Implementation in DCS Control System[J]. Nuclear
Physics Review, 2023, 40(3):472-477. doi: 10.11804/NuclPhysRev.40.2022085

LT ARG H A SO

Articles you may be interested in

TSE R KSR 2R G RS T R AR I v (3E30)

Excore Neutron Flux Monitoring Method for an Accelerator Driven Sub—critical System

JEFARZHRPES. 2017, 34(2): 263-269  https://doi.org/10.11804/NuclPhysRev.34.02.263

HETPIDS L (G PRI PR I AR 7S
Research on Closed Loop Control Technology of Magnetic Field Based on PID Algorithm

JRFRZYBEIE. 2021, 38(3): 265-269  https://doi.org/10.11804/NuclPhysRev.38.2021002
B IR RS RSN 2812 sh i R gt it

Design and Development of Motion Control System for Heavy Ion Medical Machine Beam Diagnostics Detector

JE TP BEITE. 2019, 36(4): 433-440  hitps://doi.org/10.11804/NuclPhysRev.36.04.433

TR T 2R B [ A I v A ) 2R AT
Development of RF Control System for Heavy lon Medical Machine

BRI HPEE. 2019, 36(1): 55-61  https:/doi.org/10.11804/NuclPhysRev.36.01.055
— e A B ) N e R B g A i R G

Development of a Control System for a Small High—pressure Accelerator for Measuring Heavy Nuclide

JE TP BEITL. 2019, 36(4): 426-432  https://doi.org/10.11804/NuclPhysRev.36.04.426
ST PSATRURME BT 1A% B AR AR Bl 4 1l R 50 T SE eI

Research on the Reliability of Digital Control System in Nuclear Power Plants Based on PSA Sensitivity
SRR HPEE. 2021, 38(3): 355-360  https:/doi.org/10.11804/NuclPhysRev.38.202008 1


http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.40.2022085
http://www.npr.ac.cn/
http://www.npr.ac.cn/
http://www.npr.ac.cn/
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.34.02.263
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.38.2021002
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.04.433
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.01.055
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.04.426
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.38.2020081

540 35 5 3 W JRF Y B @ Vol. 40, No. 3
2023 £ 9 H Nuclear Physics Review Sep., 2023

NERS: 1007-4627(2023)03-0472-06

HETFiEE-PID HX08Y CIADS Rt

56 [ $2 I 53 K 2 DCS S23)

¥R 2aa gxE DEw ! Aesl we g 2 F ol maigll el

(1. ERFERBCGTARPIERR FL T, 2 7300005
2. EFRFEERE KBRS AR SR, LR 100049)

WE: EWEBRHAERRAE, RARENENEREFEE, ATEART R BB ELAREE
(CiADS) F it & & 1 th - - 4 (PID) B B R B A R E LI, & iT T 10 HY 3% 7 5 % & 32 B PID 4% |
BHEHE MMM ZEE LR PIDEFSHEA — & —#HHMER, ENBEWENE, TOERT 5 _#H
R EE R, KAHMET FREEPIDSHENEE., 2BEmRBRECHER T REH A
BRI TRARBEER, HPARIITEEELGIPIDEHSHKN T EN., HHEITHELEEERH, KRS
ERAEUNEFERR T O REH S FRRRBENTMA, A& ZE L5 20 PID 5§ 5 20T UK #1335
FIRRBEZREEHRFRE., RE, ELHTAEFRNRLDCS) FELIAT RRBEW BN FHEF .
EEFERDEER, RRBENEEAEANDCS ZAA SR ZANE, BIPIDEF ETEHFHWALEILE
EROLE A, FAXETRREE. &5, FIADCSEEFHBY AN T LEEANEE. NE
2R, FEEARE/NT0.002°, FREZ ST E A2 0.000 05 A,

KA wRERHREF RS RREL; HF-F
DOI: 10.11804/NuclPhysRev.40.2022085

hESZES: TL362 HEMRSRD: A

0 5I§

JNIE 2R UK IR IR A R 5¢ (Accelerator Driven Sub-crit-
ical System, ADS) /& [ b5 A A I B A /T 5 K 5 dn iz R
b2z A bR B U721, T 70 S L o 48 DR Sh 1 A8 F %
%% & (China initiative Accelerator Driven System, CiADS)
Fo R R b A ADS m TR i 3 B Bl CIADS R B
BLFE SR T B INE S = DR BRI TSN
M, AR SCHT ST CIADS % B o Jin il &5 oA 9 22 7 42 A
FAR.

TENH A . HOREE . ROV HERE SIS AT, HIRsRSE
MRATIE R B T I S HER A R x4,
SN HE ) I R I YA 75 5T 0 A ) SR R R
MR . CIADS 3 B G T, MR
FE v T ARV B B S B HE iR B2 v T ARV, R
RE I Tk PG BT 7 T s 2% 1) RIS 58 32 R R 4 3¢ B )38 AT o
AL, AR SCHIE 9T CIADS 3¢ Bl G iz A7 I 8 B2 1 E
B HIHA .

ks B HA: 2022-08-01; &L HHEA: 2022-09-16

a-

7\

WM EH; oA REFR R

1 FREERBEH A

CIADS g 23 B 45 58 U6 . KRtk imBe. Sy
QIS AN Sl S O S B 12 D S e T
RN S U5 L SR N BE A% iy BN e d — AN R AT
S b 4, % AT B P B AR R R, R
AR A — RV, AR R R —
MNMABALAT . A IS N B A AR B, T i
FEPRTE AN [ EAR R B AL ALAR . BRIk, %3l ml i ' i [
FEAAR 1) A 2T DA m] D R B B FLEAS, AT 5T 0
AR o A A A e R B AR -
(Proportion Integral Differential, PID) % #l % H zh #% 2 Al
W R A R R T AR
1.1 PID #=#I2§

H TG54 ] BRI S PR 08, PID F 1 &8 5Ealk 5 A £
3 R A% ) &% . PID 42l 48 B R 81 B ot A2 I
AR 73 T = AN HE A HE 2 TU2H B

fEEEN: wia(1996-), 5, HlST A, WAL, NFZEARSE TEPA; E-mail: dangshiwu@impcas.ac.cn

+IBE1ES: P8 5, E-mail: zyhe@impcas.ac.cn


https://doi.org/10.11804/NuclPhysRev.40.2022085
mailto:dangshiwu@impcas.ac.cn
mailto:zyhe@impcas.ac.cn

3 1

et FET & -PID 53 H CIADS W5 & 15 HI it 55 S H DCS S23il - 473 -

de(?)
dr ’
Hr: ety Nt WZIMEEMEEEZRFREE. 2K
HEANSHK, K Ky KRN RGE T PID 2 1 45 1) 4
Ao AP IO EIEEHIT, LA iR,
RO aT R ZERIEH . Al s —WoR R 1)
T, e R ZER BIMERER, BRAWERE. &
KPS =IO R, B 5 IRZRIM RIEL
RZE IO S T R 22 AR B AR AR
TP A TN R 22 4 70 PT DASRVH AR 4 1 UL IS
PRI R ARSI o = PR Bl a4 o 4 D T D TR e i P 42
il AR A 1
12 ETEEREERN PID SHEE

HH PID S48 ¢ 77104 Ziegler-Nicholes 77145761,
Cohen-Coon 7734 7). A #8571 #5 ] J7 12 (Internal Model
Control, IMC)I®! %, 7% SC i ] 38 4% 5 % (Genetic Al-
gorithm, GA) SR 5¢ PID 4. 7R & LT, iy
REVRSWROARRE, BRI RN ME, B4
iR TT SR IR 5 SR RIS A% A ] 5 LR B B AR 54
FR IR T AR BV AR PR PR i BRI a4 5
REAT PID Z 0B € IR AR I & 1 R, o F2 mT DL
BANTH LA .

w0 = Ke+K [ e@dr+K,

()

K K. K, ZH5i0 |

P

B R

B Ky Kiv KgZH%itY. PID 28K, K
Ky WA — MEA Sy — B KA NI gk iy, —
BEGIRLHC BE N BRI TH R4S SRS FE A A B 1)
THRRR,

R MBS, X TR NI
0T, H5 T A M ARG S B s A RO (Most Significant
Bit, MSB), X M /MGt MR el . Bk, A7k

PEoM s RIS AR A VRN RREE, BB M A B AL
LI 2M BT RE A R . FROBERIARILE,
L) 4 B I T M AR A TR 1, T Y (V-M) SR AL A
L T o

ABR= ENEE . 7EPID 2 B L AR T,
S HL T BUAE LB J AP A L)

sz?wunm, )

Hrb: e e IR ZLXNEH. [T REM
JoiF, wif i s E PIDZ 8 K,. Kiv KofH: &0, 85t
M BAEED I K Ky Ky M.

BRI, UL EEERE . BUEEEAIERERE. T X
AR S =T . RN T MGk R AR R 1
MEAERSARETE T —s SRR S E
D () A B R EAR RS Hs AR S U R X ase o A
A DA — 52 (M5 BE A Lth 2038 A i RS F e

TN, X EXHEAE BRI  it. 5
EE] PID ZEHREE, FEMBERI AL B, 78505
FE T R A B e U IR A . BRI, ROKHE
I T F4R A PID S 50{E 1 % .

2 IR E R

Bl 2 WoR T RSB PID 45 0 145 Bt SAE L, 1
AT RN R RRSR B E, R R R
FER T AR B M B AR . o e A 4% 59248 21 PID %
BB =AM SHK, K Ko 85, PID 4% #84%
FESX (1) TH 5 TR B 5 A A T A B I A we
B 2 H 1)< BRI 2 9 B HE S8 U BE I e e, R B
TE S A PR A R T o A e Y, B 10°/s;
IR TE R BT LS, THEOR R . R R TR
R AR EEE 2 S oA, AR BRI 28 AT R e
ReAEHBL, DA R W2 A4 I 6 ) L B AR Lo
FEAE . DA A n] e A e AT e, AT R —
i %1 i) PID 1) .

ARSI

W IR K, |K |Kq

BE R VR
R Sebiers| || mN A | VR
+ e PID =il %% [ u fa g Cl BRI :
Y S
- LR

P2 SRUESEAE PID 2 11 LAY
21 FRBEAN AR
BB B SRLA T TR RS : SR F R 9612



<474 - BT &Y R

540 35

(Full Width Half Maximum, FWHM) ¥ 12 mm, % i 58
FER T mA, SCHER: MALT 57°. fE=0mZl, HF
T8 FE Ay DB T8, 9, 10, 11 mm, SRR &
AT AR @ PID 45 R G A R, LR R B[R]
1 mA.

K3 R T 7E PID H 245 il ik 7 v o B £ 52 I e T
AR . o, DR AR R T I T R 10°/s. 1E =0
%1, 6B A AT 57°, M AE I FWHM 73 58 8, 9,
100 11 mm B, J9 7 iEAmREE R 1 mA, Gl A
43 50 75 B gt 25 38.0°, 42.8°, 47.5°H01 52.3°, it £ e
B 5 B A FWHM B K g b . B 488 71
PID [ i 4% il ik % Hh o0 58 B Il B () A8 £k iR AR . 2
t=0F, JGPE AT 57°0, W FWHM A8, 9, 10
11 mm B R AR T 5 FE 43 33l 9 1,58, 1.42, 1.26 F11.12 mA.
I PID 2 ) U 8O0 R AR RS, A A T 1.90, 1.42, 0.95
H10.47 s LEARFLELE HIF] 1 mA.

70
— FWHM =8
65 = -FWHM=9
==- FWHM = 10
60r FWHM = 11
<55t
o
@& S0r
=
2 45r
40
35+
30 . . . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0
/s
3 I 1A A R0 B A
2.0
18+ — FWHM = 8§
- -FWHM =9
1.6 —=--FWHM =10
e ™SO FWHM = 11
< b
E12F
B [T
o 1.0F Tt
§08-
0.6 -
0.4+
02+r
0.0 . . . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0

I} [a] /s
B4 B AR R B
2.2 FRPIMRBE X R EE T H RS20
BRI PR 5 R PR BB, RO BR I 4 kAR
. BESERT MR OB A0 2,3,4 F15
mim B SR 8 i o G I A B AR R, e, AR

FWHM £ 5575 10 mm AZ8 . B R 2458 [ A B Ak T
180°(HI e il FL A% 4 30 O 28 e KB B, R SR Ao
e 7L, RARERASEN. W, b
FLARAE T2 B0 RS, AR O 25 ' bR H 0o 53K
WL SRFEAS /N o WP TR B2 s, O R A A A
T 47.5°A48, MO E G TG 3, 4, 5 mm B,
WL A T mA 735 % £ 0.84, 0.73, 0.62 mA.

2.0

1.8

1.6+ 1204
14} ,f-";"

R
3

Zon
[

4
4

12+ I,":I’
1.0+ {."/'
r 2 7
0.8 Y i -
1; — A
0.6 + ,:.:, - -ﬁ% 3 mm
04} {0;/ ..... 'ﬂlﬁ[‘i’j 4 mm
(4 === {5 5 mm
ML R 20 mm
0.0 s
0 20 40 60 80 100 120 140 160 180 200
FCIHIBERS FBE/(°)
K5 TR 5 G R e A R R (TR E)
A FWHM 4 10 mm.

FIFH PID E shiE | ik, @ik B 308 %6 A,
Reib RSB [B 3] 1 mA. 1K 6 EoR T 7E PID H 3h % i
ok AR o S o B R AR A g R, o, R
FWHM fR#£7E 10 mm, PR iE 4 5o 10°/s. 4 i
UM B OGE Fr0 2, 3, 4 A1 5 mm B, 3@ TS PID #A
BOCMAE, BT 0.27,0.6,1.07 A 1.65 s ik 8
FEEIF] 1 mA.

PR E /mA

02 F

1.5

é 1.0 -/, -~ ,.—"' ..........

a3 L= = =T et

M ——” ..........

& T e

£ e

& 05 — R 2 mm
= - fii# 3 mm
—-- {i#j 4 mm
..... MHES 5 mm

oob—
0.0 02 04 06 08 1.0 1.2 14 16 1.8 2.0
s [6]/s

6 B (b o o
3  DCS 55 & St Y SE i R0

AT G R 24 TE ADS Bis 28 FEAL B A o
Ji L0052 sk 2% A L5 Y F) 425 #h1) 2 45 M 3% T EPICS
(Experimental Physics and Industrial Control System) %4
PINE SRR RSt 9 1 2 CIADS Fh&FEHI i 7 K,



3 1

ettt LT 8% -PID 5L CIADS TR 5 B 455 il 0T 53 K H: DCS sz 3 475 -

A TAE 7 EEAE = v 5 1% 1 23 A7 U 4% i &R 4t (Distributed
Control System, DCS) H S 3, FH AT 1 D'; bRl 1 715 S JAT 5# FEE
MThee, 1%DCS RGuH AT kM HER#H]. A5
Bk [11] 48 802 A — & DCS 5 il R4, st Ft% A
FAEFE, A RIS 5 OGR4 r s S HE
Pt BL . JRAE 03X 2 DCS 4% il 2 G0 35 3 15 3
PG R 2 AR 55 A 55, DCS $3 il R ge il i 4%
i 5 LRI O 15 B = 7 o (491 < AR SR T R S R
HLAL) JE .

B 7 2R T AR B R T T B E DCS R 4t L St
M HIAER . 22 N SR T I AR B P = R R D25 -
H L4 (DCCT). itk 45 (ACCT) Mk i 56 14
(FC), WIHREERME 54T M ¢ 1 38N DCS RGeHx
o SRS, FR Sl P4 o 2 HE AT SR e R T BT A
TACH . SRR R E . PID P AR il I H A
WOTUER L VAR Ly A BB 1, AR LB R B K, B
REK ML R Ky = A S HCR = B HIEME Uy H
H, Uy N E B GRS M. DCS R4+
WV T FERTTTIEE, SR R E R % F5)
TR, SRR AE UNTFE R EE U &5,
BRI 50 £ BE U3 3 ) i L AT X S HH 4 /0 £ ' B

ET
— O R a3 | e
A I\ [t || Y | F o [k
WRLLL || ek | S |EMHN,| N
P K L L] VERN N
11 i i ] i 1
| L |
(Y] ‘ I S N, W
MR K=1,1=1I; +
M K=2,1=1; -~
I 1=1 =
o Bt U, N0N|
PID
UZ v Ul
L AR S K true, U= U,
[ &=, U=,
A U
T A
[ mxr | [k ]| HW
T I
P T S
M) M) M) EE U WA N
I, L L
DCCT ACCT FC PLC %%

AR PRI

FLHLBK Bl e R AL

Bl7 DCS % 4t S BRI 98 2 1 9 ) 4% i HE P (FE 2%
R

IREN RSt

Kl 8 27 1 DCS Z & Si L R It i B2 42 ] () i
B 22019 DCS #5) R GE AR, o 3 B SCE 78 H [
EHys BN RTGH . AL LI 8RS, e
TKPIRCEAE R b, #2HEE AR 4. DCS &
it B0 I DR T k[0 2 3 B B A A A i 2 CX2020, 548
P25 i) 4% T O 42 245 A IK B 4% AX5203 S H Al ik L HL
AMS032.

K8 DCS 4t L AU o B F il i)k B (FE 2R )

TE 58 i DCS 2 Gt Fll— BB 548 138 3h 12 il R Gl
WS, R F 30T T % A R .
B 7 s s hE BT R, T3l e D R BEAE Ny, LU
JGBR H AT B N, R PE A —F, DCS R4uiE it
W G 2 £ B R S B IR 25 R AL IR S 2R A S, R
P AL 06 250 25 AR 428 o 5% SO 1D A R U0 21 N o D 5 2
% H 2] DCS RS H WoREERAE NG . A BEIN & X))
NN R A B 1) &AL EAT T I, Bl Bk
M O°IE i) % 21| 180°, P S M) % [H] 21 0°. 28 X WM 0°
IE R 3 900, F B RIE 00 SRJE, A 90°IE A #%
F180°, I [EIF]90°; PAMLIHE. F1FIH T
DR 7 7 A6 i 22 0 B AL, O 4 SRR D O B 5 A G T
0.002°. TEMNE R MELH]: b foks E R 5 S A
WEEAR, MH, B RNENES RS i
ARG R 5 R HIE T 2%, 5 DCS &4 13
et S FLI VR TGR

2 E S EoR T H I FWHM N 10 mm B, 5
TR ' B PEE R O AR, AR A TR
TR FE R TR R . MO RS N 2 mA B, IR
£ R BEE ALY )M 00, 15°, 300, 45°, 60°, 75°, 90°H, 1E
6] % 5 () AS B2 4 0, 0.01, 0.01, 0, 0.012 5, 0.02, 0.1 pA;
F= 6] % Z S BE N 0, 0.004 5, 0.004, 0.033, 0.019 4,
0.005, 0.001 4 pA. L, IE[A A% 3% M M, R
TUHRSZ AR TR ZE /N T 0.1 pA o VT RIS ARG A
#]0.000 05 A, . HEAELEN 1 mAR, HHE



- 476 - [ S A/ B O 5540 35
1 OGH A E N %
I A ik JRIE)E B Pt
SR 1 R T B A P D IR $1 5 58 Ar 6 bR £ FE T S R A R e B £ E 5 L
SERLA/) FEDLA/) P ZE/(0) SERLA() SERLA/) THME)
0 0.000 00 0.000 00 195 195.000 00 0.000 00
15 14.999 60 0.000 40 180 179.999 78 0.000 22
30 30.000 40 —0.000 40 165 165.002 60 —0.002 60
45 45.000 00 0.000 00 150 150.001 14 —0.001 14
60 59.999 60 0.000 40 135 135.000 88 —0.000 88
75 74.998 40 0.001 60 120 120.001 50 —0.001 50
90 90.016 72 —0.016 72 105 105.001 36 —0.001 36
105 105.000 90 —0.000 90 90 89.999 78 0.000 22
120 119.999 50 0.000 50 75 75.000 40 —0.000 40
135 134.998 02 0.001 98 60 59.999 38 0.000 62
150 149.998 06 0.001 94 45 45.001 32 —0.001 32
165 164.999 30 0.000 70 30 30.000 16 —0.000 16
180 180.000 66 —0.000 66 15 14.999 82 0.000 18
195 194.998 06 0.001 94 0 0.000 00 0.000 00

FE IR R 22 /N T 0.05 nA . 1% U B T TR S A2 %
/2 CIADS 3¢ B (5 2. ISR, iR A B2k i
90°F, SR BE LA ALAR /N o RIS R A 2 119 A Al /s
Ffi 7, AR R R T S R AR R Y

4 g

ASCWEFE T CIADS i #5 HOU 58 5 1 PID H 314
il 7515, DARCR S B 3% 1 RGLTE DCS R4 FISEIL
e, Wit T IR AL ORI EL PID I 2R 1S 5L,
PEA B A% 5005 70 4325 B8 T e H 0 o s e o KB )
WltaAk, ORI 7 SR A PID 2 M I FE .
I H., 2 HRINIE AR R AL 0 B 7 o o0 A KR AR A ST
T ORGSR ERA, RO EIGAE T SR A E PID
SRRV O BT A SRR RO v o AR A R
A O I 25 24 T EUR IR R AR . R AR
SVEAF (¥ PID 421 2 BT LIRS I 425 1) SR A0 5 P 52 1%
EAEIRFRRRE . 25, fEmATEEMEN DCS R4 L5k
LT A B ) B Sh AT sl e, N CIADS # &
P R G0 SR A R B R 1 B T R E 3R
W Thfg B, RV SR B R AE % DCS R4 5 i
bbds, @It PID # i #s HE HFT i e R AL e, FRHK
VTR . Al AR 516 RT3 e o R L
B R e A Nk 2% SRR . 5, FIFH DCS R4 F
AT TR 7GR R, WSS RERW, e
Dl 2 1 R VT ORGSR R RAE T2 A 0%, 5 DCS
RGeS KL ik e 5. ol IE i shia

RS, W R A I ZE 207N F 0.002°, BRI
o P P UR RS P2 IS 21 0.000 05 A

S 3Lk -

[1] ZHAN Wenlong, XU Hushan. Bulletin of the Chinese Academy of
Sciences, 2012, 27(3): 375. (in Chinese)

(&, B3I, H EREBE T, 2012, 27(3): 375.)

[2] ABDERRAHIM H A, BRUYN D D, EYNDE G, et al. Encyclope-
dia of Nuclear Energy,, 2021, 4: 191.

[3] XU Hushan, HE Yuan, PAN Weimin, et al. Feasibility Study Re-
port of the China Initiative Accelerator Driven System[R]. Lan-
zhou: Institute of Modern Physics, Chinese Academy of Sciences,
2017. (in Chinese)

CERIAI, FTIR, W IR, &5 i &5 SR 5h 18 A 0ff 75 4 B 47 PR AT
FAR[R]. M PR BRI BB LT, 2017.)

[4] NIU Haihua, LI Youtang, HE Yuan, et al. High Power Laser and
Particle Beams, 2020, 32(5): 054004.

[5] SHAMSUZZOHA M, SKOGESTAD 8. Journal of Process Con-
trol, 2010, 20(10): 1220.

[6] ISDARYANI F, FERTYONIKA F, FERDIANSYAH R. Journal of
Physics: Conference Series, 2020, 1450(1): 012033.

[7] GAMASU R, JASTI V R B. International Journal of Control and
Automation, 2014, 7(1): 357.

[8] GANIM M, ISLAM M S, ULLAH M A. SN Applied ences, 2019,
1(8): 880.

[9] HUI Tianyu, ZENG Wenjie, YU Tao. Nuclear Engineering and
Design, 2020, 370: 110835.

[10] LIU Shuhui, WANG Zhijun, JIA Huan, et al. Nucl Instr and Meth
A, 2017, 843: 11.

[11] YIN Kai, MA Wenjing, CUI Wenjuan, et al. Nuclear Physics Re-
view, 2022, 39(1): 121. (in Chinese)
(L, T2, BEOCIR, 25 R TS, 2022, 39(1): 121.)


https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.3969/j.issn.1000-3045.2012.03.017
https://doi.org/10.1016/B978-0-12-819725-7.00093-3
https://doi.org/10.1016/B978-0-12-819725-7.00093-3
https://doi.org/10.1016/B978-0-12-819725-7.00093-3
https://doi.org/10.1016/B978-0-12-819725-7.00093-3
https://doi.org/10.1016/B978-0-12-819725-7.00093-3
https://doi.org/10.11884/HPLPB202032.190393
https://doi.org/10.11884/HPLPB202032.190393
https://doi.org/10.11884/HPLPB202032.190393
https://doi.org/10.11884/HPLPB202032.190393
https://doi.org/10.11884/HPLPB202032.190393
https://doi.org/10.11884/HPLPB202032.190393
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1016/j.jprocont.2010.08.003
https://doi.org/10.1088/1742-6596/1450/1/012033
https://doi.org/10.1088/1742-6596/1450/1/012033
https://doi.org/10.1088/1742-6596/1450/1/012033
https://doi.org/10.1088/1742-6596/1450/1/012033
https://doi.org/10.1088/1742-6596/1450/1/012033
https://doi.org/10.1088/1742-6596/1450/1/012033
https://doi.org/10.14257/ijca.2014.7.1.32
https://doi.org/10.14257/ijca.2014.7.1.32
https://doi.org/10.14257/ijca.2014.7.1.32
https://doi.org/10.14257/ijca.2014.7.1.32
https://doi.org/10.14257/ijca.2014.7.1.32
https://doi.org/10.14257/ijca.2014.7.1.32
https://doi.org/10.1007/s42452-019-0929-y
https://doi.org/10.1007/s42452-019-0929-y
https://doi.org/10.1007/s42452-019-0929-y
https://doi.org/10.1007/s42452-019-0929-y
https://doi.org/10.1016/j.nucengdes.2020.110835
https://doi.org/10.1016/j.nucengdes.2020.110835
https://doi.org/10.1016/j.nucengdes.2020.110835
https://doi.org/10.1016/j.nucengdes.2020.110835
https://doi.org/10.1016/j.nucengdes.2020.110835
https://doi.org/10.1016/j.nima.2016.10.055
https://doi.org/10.1016/j.nima.2016.10.055
https://doi.org/10.1016/j.nima.2016.10.055
https://doi.org/10.1016/j.nima.2016.10.055
https://doi.org/10.1016/j.nima.2016.10.055
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064
https://doi.org/10.11804/NuclPhysRev.39.2021064

%3 S QA B T4 -PID 5951 CIADS AU 5 B 2 )T 5 52 H DCS SE3 477

Study of Beam Intensity Control for CiADS Facility Based on Genetic PID
Algorithm and Its Implementation in DCS Control System

DANG Shiwu'?, LI Xinxin»2, CUI Wenjuan', MA Wenjing', ZHOU Detai',
HE Zhiyong!>, YIN Kai'*?, GU Ruifeng'?, NIU Haihua!

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China,
2. School of Nuclear Science and Technology, University of Chinese Academy of Sciences , Beijing 100049, China)

Abstract: In an accelerator driven sub-critical system(ADS), it is very important to automatically control the beam intensity
of the accelerator. The method for controlling the beam intensity with a proportion-integral-differential(PID) controller has
been studied for the China initiative Accelerator Driven System(CiADS) facility. Firstly, in order to quickly find the global op-
timal parameters of the PID controller, Genetic Algorithm is used for determining the parameters of the PID controller, where
the method for initializing the population in the algorithm has been improved. Secondly, a model of beam intensity is built by
considering the proton beam with a Gaussian distribution of a given FWHM(Full Width at Half Maximum) at the Low Energy
Beam Transport(LEBT) line of the accelerator, in order to evaluate the proposed control method with the extracted PID para-
meters. The simulations based on the model of beam intensity have indicated that the beam intensity varies with either the dif-
ferent value of FWHM or the different position of beam center. Thirdly, both the automatic and manual control functions for
the beam intensity have been implemented in a distributed control system(DCS) system. In the automatic control function, the
measured value of the beam intensity is sent to the DCS system and is compared with the setting value. Then, the new values
of the aperture size and the rotation angle of the aperture are calculated with the PID controller and are used to adjust the beam
intensity. Finally, the accuracy of the rotation angle of the aperture is measured by using the manual function in the DCS sys-
tem. The measurement results show that the deviation of the angle adjustment of the aperture is less than 0.002 degree, and the
adjustment accuracy of the beam intensity is 0.000 05 A.

Key words: accelerator driven sub-critical system; beam intensity; proportion-integral-differential control; distributed control
system.
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