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Abstract The HI-13 tandem accelerator, located at the Beijing Tandem Accelerator National Laboratory, has been
in operation for 35 years. To ensure the continued performance of the accelerator, the operation and maintenance
team has prioritized focus on various aspects. The operation team conducted research that involved developing key
components, cultivating a high-quality operational team, improving the machine time efficiency, and increasing the
participation of users outside the China Institute of Atomic Energy (CIAE). The primary emphasis has been on
developing key components and upgrading subsystems. These efforts have successfully maintained and improved the
accelerator’ s performance, ensuring its safe and stable operation. Finally, the paper alse discusses the challenges
faced by tandem accelerators and presents future development plans.
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Fig.1 Statistics of running time and beam time of HI-13 tandem accelerator
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Fig.2 Plot showing the frequency of opening the HI-13 tandem accelerator tank over the years
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Fig.3 Statistics of time taken for maintenance work after opening the HI-13 tandem accelerator tank over the years

24 S EHBMEE

FR A T3 s v FE AT 7 0 R B ity 1 7 B i %
A 4 BUIE R KA NI 4 BEAL 2 SORE , B BUINE & Al
FE L PR 268 2% ST 72 AN NSk [R] B, 8] 25.4 mm,
B i (B PS4 — N 1 200 MQ HLFH . H T AL
BLR, TE S — 5 I AR L 48 2% SCAE IR AT 18 A
[) B 543 600 MQ HL BH o I3 5 R0 466 2% S A 1) 43
s B FH 5 29 51 HH 588 /N 1 200 MQ AT 18 4> 600 MQ Hi,
BH A3 REE R, P /S HBHBESE A 1 1524 IR L FHL

ER A1 T3 S5 FH 1) 2 36 B HVEC 2 = BF 1] F4) H
BH , &5 AN /0N H BH 18] A5 7550 F ) B R 47, 2 Bl 20
60 MQ (1) /]~ B BHL A B6TT A, 3743 3 E R W IR o, 2
AN FERE S — AN R TR) B R Ao R B 2 A
13 MV FIg47HF, e 35 kI 27 IR 4T ki, 4
FEAI RS . N T B 2% R FT K 4y
& FLRH B 7 2 40, B 140 s FLBH B S SRR IR A1
7 FLRH (8] 22 2% T 40 BE ob » B SR FH P i F 25 =58 ik
KAR L . HVEC 72 ) 24 L FELZE N 28 = TR 4T K
BF, 2 8 5 R CRELBH 56 4= 4% 7 28 BBE R it oo v
FED IR 2 AN BE RS IS AT TEAE =1 R, 18 {8 4
& . eAh, HVEC 2 &) #F il (1) 2% Hi BH I A7 7E 53¢
T A 1), HAR AR & Bt CH I RS FEFH 450 58
J6) , R, 43 He e BE A L= A A ) B 7 i i

FEMNR T [ A 5 BRI AE 22 20 L P23 T R 4
Pl b TAERE B R RS, SEAE
HIF B2 3B A F 1) 52 1 1) RETY=35 784 1 T e B, LA
600 (1%+10%) MQ, iif J& 35 kV, R 5] 010 mmx
140 mm, 2% AN HE D) 1.6%. E P40 )5 120 5
RELBEL{F i 2 i v i 1 i R 4, >R FHATE 242 = Fi BHL 43 e
RGP I, 22 mT 5, H SRR OB . A
D TR ], AT T KRB SR,
2.5 INRB[BEFRK

FR A T3 s 0 A ROR s 2 AR R A s g 2
177 15 4 FRAL RS 18] SR 115 75 2/ ek T 1Y,
T 2002 F 9 IR, ikt 11040 H. 1R
243.8 cm 17 4R 223.5 cm A IE R &R T 2 H 16

SEZ A 8RR 182.9 cm M o SATCA BT s & 1)
BEAESNS IR A ) FARAT SR EAT TR . X I A
PEX SEM) TR ARG I B R Gk AT T uE , &
HVBCTHHRIVE T I N UM N 3% 5 % ik i RT3 ) &
. W T RS MRS . SO S I
FETF T S e 5 S B A £ 15.07 MV,

TN 50 5 i 4 5 St I A% B DU = A R
SRR CR B 7R R AR B S0 2 8 MR fE T 9
KL 754 h A IS AT B I 48 A i Sk 50 ie 17
HL R IA 14.21 MV, e IGK S LR N 4.26 MV fiE
RIZAT VAR, For A (0 S 56 2 i A8 I A B R 2
2.6 GENSIHARBE

N TR S 7 L, 2007 4E 58 B H A ik 28
FENAR I TF 2 o0 5 B DLR R D i 48 70 A
WG — i S Re A, (HIR A R R
BT AR AH N A AL ISR B SR yE NS R AU — &
RUEF B AR 2%, A R AP 28 7 (19 g & V6 D 100~
290 kV, M7 N 28 5 42 f  BE i iR SE 0 150 kV A2
300 kV;2) A K 1 AMS S256 i, 30 5 [F AL 2 5
T RN R PR N R R EE L L (H L
BERRUSTE PG, B 5N i T
380, M R A NS & R A A 80D A EN
WERARA BT, U5 RS S 52 I HL AL
R H RN R G AT [F N 22 350 6 3 YR, DR e
FEHLRCR . WF e AR NS KRG AL T HAIEAN
2 —F N PEAMS IEANL, F— 2 N300 kV &
RE VRN ZR , 1] DL 2 B 0 M SRR 048 B8 TR YR Bl A
U, AT A2 AN ) S R

TN 28 D08 T8 RS - TR bR 35 LA B e T
B » 180 Hs 5 42 1170 HL AN 2 vy 5 AN i 3k 28 A% i ROk 32
BT R RN RGO R B R, R AR E
M TR KIS,

TEE N 258 5 FH 1) = ol 85 705 v, e G S5 088 110
FASRR AL B 22 , T 12 1 AR ST A7 A6 AN B Bt
B0 A% B A7 AR IR S IR A Gy s e (N ik . 1B 4E N I

080005-4



PRET A HI-13 AN SIS 2E 35 i 4R 1 Sk 5 AT

1E 2018 4F 5 [ N B HLAA 58 5 T B =4 w72, B
FF P40 25 7905 R R ) AR FEL ML IR B 460 L, 7 RS o HL HL
BOAThEE , B B I 2235 40 AN SEHE , R TR bRk 3
Bk HANHE itk 11 50%

2.7 FIBRAHERARFAR

B oA FH A2 B AR IV 1) 2 PR B 1 o B FH T K
Tt SR R HE B 1 110 K1 B I 7 i R R P i g , SR FH 1
i € B A% B =% 9L (Filtered Cathod Vacuum Arc,
FCVA) HE R4 T & JE N 5~7 pg-em” [ 2K 4
M| 47 % (Diamond-like Carbon, DLC) | & JiiE .
XP2U HYHE % H R IH 73 Hr 77 100 mm JE [ A
(1) DLC I 5 B35 211, 45 R Bow , Hog KA S 1k
/NT10%. 3 F5 4 FL 7 2 U (Scanning Electron
Microscope, SEMD « Jii ¥ 77 i 7l 5% (Atomic Force
Microscope , AFMD \ /7 i JBE 45 B 45 1A 35 L AN X Ot L
T (X ray Photoelectron Spectroscopy » XPS) il iz 7~
T 7 DLC 3 55 I8 1) 2 11 T 350 if B 450 5 1k A 2 4
ZEJLEL IR, R XL 90° FCVA H AR IR 1) DLC %1 B
JR 2 THT G TR O I B LTI ROBURL IV G, 3%
AIE 45 WA R 14 1) sp3 B B I 70%. £E 5 A1)
2 B A "Ge VETi VST A T 6 i
A5 B 1 B RON 5 £ JE FE R 5~7 pg - em” ) DLC
) B S A B ) B 8 A iy 2R AT DU LA, 45 R BOR
DLC | 25 575 i EE A R 25 11 /51 2.6~10 i, 4 it [
KB 8], G R 7L,

2.8 IEHIRARFARBE

B s o S5 IR R SR KR AR LT
o gk LA P I 5 3 B S AT I TR RS, e g
TFEACH ™ H . 53— J7 I, IS AR RS B HOR
R, R AR R G BUE IR A T R GRIE .
BSOS A IR R GERRIRTT TN S R A E
K. HET, RAIESEA SR RS KSR
ARG LRGSR 2 A Bl R ge ) DS
TG, B I UG AR T Ie s AL
A, Wi I AT N AR R 1 SR IE AT
PRI KT

3 MEHIERE, GHOBAR, RSHE
S

5 91 S0 5 T R W BT T ER B [ SR S
ERZE Gz R ER B A% (1 H AR AR 55 AR 7T 5
[e] , B LS B  1Y) HE K 2 R Bl AR AR, #b T
JBCHTE TR B, o SCRN 3L 1 S 56 = 0 AR 73 e 7 56
A PR A A AL ) A 55 B XS 5

TRt

IBYEN T KTt BB i BB 2R, Atk
I F AR EREYEN B R B, KR E
N T A CHI-13 85 51N 2538 AT 1 B ORIE KD
ST 10 T 661 FE 5 73 b i 1) 1 I BokA AT R AR
AR, FARYE I 45 UG 5 00 BT . #2571 1
RIRTEE I, bR DL 3, AN W5 4%, il 2 F
B e AT SR A V- 2R T — SCHORS
Rz 47 N 5 B

AN, Fe o IR KRR IS AT S B A A
) P2 B 1 (R A5 G5 B IR AR B AT RS AT 0 i
B IR T HEIEB T . BYERBN BT R T
AU R PR ARAE B S N B4R
T RE A Bk S e A T SR I A SR ) B Bt
S PTRS L KRR T IARACR .

4 BUISHURRSR. HImAY o) @ A R R A & R A
X1

4.1 HPFBSCIG AR R

H #F g RN IE AT, BT 7 — e E A E b
PN LR (R R RR , A R I oK AR AR
PRI B R AR D 42 8 T, [H B Rl AR 4230
T, A5 [ A AMZ O IR AR R RS 1 967 R, H i SCI
Wk 1 151 5. HRf AN 28 5256 2 O Rl oy 1 = 22
(A% R 2 A 78 A O R s A% B B 50N R B 855 7 0k
o, A EFEEFE T RSB AA IS RA
W50 2 KW AL SE e eV H VR R RS E
MR FIT R T SAEHIE, dar 1 R4t B A [ Br
HIER R

£ AN 5 143 BB R A 712 S
BT BN, 45 2019 4 5 R 58 i 1 AE AL UBUR PR
W % B (Beijing Radioactive Ion Beam Facility,
BRIF) b @ AT T J5 In ik 75 £& [F] A7 % 43 &5 (Isotope
Separator On-Line, [ISOL) # S 56 , 56 UF 1 b 5 iU
PEAZ R 56 B 5 N ISOL W e 3 si i ) 7 i
FOR NG BeIT FE w7 57t I 1 A% ) P 92 56y B 0 o A
fitlh, of [l B [F) 2 2% B T R AH OC S BT 8 A7 T A 48
B BHFANRETE TES T ECH 26 E Mg
% Na 5 W LK% Ca W 3#VE B M 0 Ao SIS UERH ,
FH AC 5O 14 2% 2R 2% B 1) ISOL W 78§ % A A 4R
0 255 2R 1) 0 6 8] £ AT 5 5 AR ISOL ARAE L AH 7]
RE B N FH i kS B Q3D R VS A & 11 £ 43 A — B
AT 2 Bk 3R T 3R B SCLA T Nuclear Science
and Techniques, FF #% i 4 1% M 7| 2021 4 #E 7%

.‘L/I:‘\i[lﬂ0

080005-5



% AR

2023, 46: 080005

4.2 &Ry e &R

BRI L 32 4k B BN AN WRESS T ST A4 T K
I R B, R B T B I B R is AT
R ERN T RBECLIBAT T 35 19 K1 Nk 23
KU, BE& Z AR AT [FBE () ) 8. 73 25 R I T
B, Sop - e S B R T ) B S T R R
{HR IR — S S B 2R B = BOR A 4 A 4256
R A I AR, TR I [ B A P A B8, R I 0 R
57 Tk S 2R BUR, 8T — L3 i A
[ A0SR, 45 A SR IRIE AT 1 K 1 AN ] FORHI R o
43 ERMKI

T AR IR A LU A

B, R BLIS YE 4T R A AR : DA B &
RFEA, PRATT R SCBEER AR B A, SE A iz
TR BIIE RS . G 00K 30 ZAENE 4452 H
B BT L T T 2R 0 A8 BB T [ e s AR
M e, B H IR 55 4 NI 28 SERF (1is 4

B I MV GG B g A T AT 5% i i
X ER F NI 2 35 i e, fL R T R E I HEIS STk
Mz 4e 255, K& 7 WHE MV 2 DL s 28 11 5é
H A, A FE 5 F b 85 S 56 = BN 5L, IE 7R B
6 MV.3 MV & 1.7 MV & F s #s . AHAE @ A
B 7 AMLREFT i [ AR T v e o 2 (1) 2B K JRy T
1M 5L A 3 T B v e Y s g i kR sE 2. Ak,
FH T~ DB 0 B i R R L 22 2 T e T R,
W 13k — 25 3 vy HI-13 A0 ] Py HoAt 5y 6 28 fn s 2% 1132
HEIKF o

5 4518

AN S D222 BREIBIT 1 355, 1KY
(] 128 2k 141 A — EL7E S Bk 5 B3R , AR 2B TAE X e
FUIE SR REAT . RS T N TREe a4
IBAT T 35 MR A B 4 B vh 4 BN AN K
G, X TR AT B . RN X HUs
B AE L2060 E T8 0 23 AU B e & M R A, 5
IR 55 T RHT , HESh B A Y Al A R
Bt RutpeslmEdEa R, RORNET
B 7| ik BE R M THEE,

EETBA AXHFETHE, WA . TR
AR AL KB A B AT F T
TRARTFWNIEMREGFRT . FAE. A%
SC Y WO S U T O\ B B IR 4 A TR B AR
B X ANEEMEFEMREEFATT EALEE
FHREARBGFRT ARAEART B/ RS

W REREE S BB XFRTT B ENF LK
HRAT. FEHRANZEFI MR BERNFRK
#,HMELRA LW AREESE, T RE.

S5 3H

1 BAE, BAR, BN HI-13 8 51 s &5 0 55 3 &
ar RG] BT REREEOR, 1995, 29(2): 97 - 101.
QIN Jiuchang, YANG Weimin, YANG Bingfan.
Development of second stripper on HI-13 tandem
accelerator[J]. Atomic Energy Science and Technology,
1995, 29(2): 97 - 101.

2 ML HI-13 5 0k & [ P SRR TE B BT (]
| J5 7 e R AW BT AR, 1991(1): 70 - 71.

YANG Bingfan. Development of domestic beam pipeline
for HI-13 tandem accelerator[J]. Annual Report of China
Institute of Atomic Energy, 1991(1): 70 - 71.

30 MR, R, KB, 55 HI-13 5 B IE &K GOR
RARBLH]. R T RERFAEOR, 1993, 27(5): 391 - 395.
LIU Weiping, LI Zhichang, GUAN Xialing, et al. Design
of a beam line for secondary radioactive ions[J]. Atomic
Energy Science and Technology, 1993, 27(5): 391 - 395.

4 BNJL, R, RIBA, & HI-13 541N &4 ek
HITHI[I]. JE T Re R EHR, 1996, 30(3): 193 - 198.
YANG Bingfan, ZHOU Junfeng, GUAN Xialing, et al.
Laddertron development in Beijing HI-13 tandem

lab[J].
Technology, 1996, 30(3): 193 - 198.

5 B, R E, R84, 5 A S B O]
Hh L T RE R 2B FEBE AR AR, 1994(1): 91 - 93,

YANG Bingfan, ZHOU Junfeng, GUAN Xialing, et al.

accelerator Atomic Energy Science and

Successful development of home-made elevator[J].
Annual Report of China Institute of Atomic Energy, 1994
(1): 91 -93.

6 GKHESE, BRAE, BB, 55 HI-13 5§ 510 d as HE 420
HLBEL 2> s R 4 I BGE D], SR T RERFATOR, 2001, 35(4):
207 - 213. DOIL: 10.3969/j.issn.1000-6931.2001.04.006.
ZHANG Guilian, QIN Jiuchang, HOU Deyi, et al.
Improvement of the frame type resistor divider system for
the HI-13 tandem accelerator[J]. Atomic Energy Science
and Technology, 2001, 35(4): 207 - 213. DOI: 10.3969/j.
issn.1000-6931.2001.04.006.

7 BWEN, BAE, KEEE, 55 HI-13 5 8 s
BRBOED]. BT B HOR, 2003, 37(6): 513 - 518.
DOI: 10.3969/j.issn.1000-6931.2003.06.008.

YANG Bingfan, QIN Jiuchang, ZHANG Guilian, et al.

080005-6


http://dx.doi.org/10.3969/j.issn.1000-6931.2001.04.006
http://dx.doi.org/10.3969/j.issn.1000-6931.2001.04.006
http://dx.doi.org/10.3969/j.issn.1000-6931.2001.04.006
http://dx.doi.org/10.3969/j.issn.1000-6931.2003.06.008

25 s

HI-13 5 515k #3128 4 35 JE 4 i s Bk 5 81T

10

Up-grading of accelerating tube on HI-13 tandem
accelerator[J]. Atomic Energy Science and Technology,
2003, 37(6): 513 - 518. DOI: 10.3969/j.1issn. 1000-6931.
2003.06.008.

BRI, KB4, FERW, 45 . b st HI-13 8 41 i 25 4
NERITH R BOE ). R, 2007, 30(12): 1001 - 1002.
DOI: 10.3321/j.issn: 0253-3219.2007.12.010.

BAO Yiwen, GUAN Xialing, HU Yueming, et al.
Upgrading the injector system of Beijing HI-13 tandem
accelerator[J]. Nuclear Techniques, 2007, 30(12): 1001 -
1002. DOI: 10.3321/j.issn: 0253-3219.2007.12.010.
AR, YO, R4, S HI-13 5 41 s 28 7 4
P2 AN 25 T2 50 2006 4F 2 JE [T]. R - Re A
WEFERE AR, 2006: 67 - 68.

BAO Yiwen, FAN Hongsheng, GUAN Xialing, et al. HI-
13 tandem accelerator upgrade engineering injectors
upgrade and transformation progress in 2006[J]. Annual
Report of China Institute of Atomic Energy, 2006: 67
- 68.

FREE, BT, R, 55 . 2 REORUR AR PRGBS TR B
I R A BES, 2022, 39(3): 311 - 316. DOLI: 10.
11804/NuclPhysRev.39.2021055.

GUO Wei, LI Kangning, YOU Qubo, et al. Development
of a multi-sample high intensity Cs sputter ion source[J].
Nuclear Physics Review, 2022, 39(3): 311 - 316. DOI: 10.

11

12

13

080005-7

11804/NuclPhysRev.39.2021055.

BEJESC, FESORE, TRAE, 55 . 284S NI Bk B A % K
HAEREE T[], SR T RERFFBOR, 2015, 49(8): 1509 -
1514. DOLI: 10.7538/yzk.2015.49.08.1509.

FAN Qiwen, DU Yinghui, ZHANG Rong, et al.
Preparation and property investigation of diamond-like
carbon stripper foil[J].
Technology, 2015, 49(8): 1509 - 1514. DOI: 10.7538/yzk.
2015.49.08.1509.

AR, A0, U, A5 . BT R AU OCHS I I 2% 25 i) AR
GEAE IR A5 T BT SEEL . R 5 TRR, 2007, 27
(4): 359 - 364. DOIL: 10.3321/j. issn: 0258-0918.2007.
04.013.

LI Kangning, LI Xing, YOU Qubo, et al. Design and

Atomic Energy Science and

realization of network control system based on virtual
instrument in the field of accelerators[J]. Chinese Journal
of Nuclear Science and Engineering, 2007, 27(4): 359 -
364. DOI: 10.3321/j.issn: 0258-0918.2007.04.013.

Nan W, Guo B, Lin C J, et al. First proof-of-principle
experiment with the post-accelerated isotope separator on-
line beam at BRIF: measurement of the angular
distribution of *Na+"Ca elastic scattering[J]. Nuclear
Science and Techniques, 2021, 32(5): 53. DOIL: 10.1007/
s41365-021-00889-9.


http://dx.doi.org/10.3969/j.issn.1000-6931.2003.06.008
http://dx.doi.org/10.3969/j.issn.1000-6931.2003.06.008
http://dx.doi.org/10.3321/j.issn:0253-3219.2007.12.010
http://dx.doi.org/10.3321/j.issn:0253-3219.2007.12.010
http://dx.doi.org/10.11804/NuclPhysRev.39.2021055
http://dx.doi.org/10.11804/NuclPhysRev.39.2021055
http://dx.doi.org/10.11804/NuclPhysRev.39.2021055
http://dx.doi.org/10.11804/NuclPhysRev.39.2021055
http://dx.doi.org/10.7538/yzk.2015.49.08.1509
http://dx.doi.org/10.7538/yzk.2015.49.08.1509
http://dx.doi.org/10.7538/yzk.2015.49.08.1509
http://dx.doi.org/10.3321/j.issn:0258-0918.2007.04.013
http://dx.doi.org/10.3321/j.issn:0258-0918.2007.04.013
http://dx.doi.org/10.3321/j.issn:0258-0918.2007.04.013
http://dx.doi.org/10.1007/s41365-021-00889-9
http://dx.doi.org/10.1007/s41365-021-00889-9

	2.1　 第二剥离器研制
	2.2　 国产束流管道的研制
	2.3　 输电梯的改进

