2.

NUCLEAR SAREBTY

ENN R 1
ERP/ NS A A
B ok E 4
S %
AT & £ H
% B A
e, ;13
#R P
B #
% #/
;&
x 1 &
i3 £
T ®
#R #
J &R A BT
B FRAF &R 5
BHA%—TF 5
& S R AT
£ T R F
P bl
H A 2 #

P A AR A B R S BRI 3R
EERBEIABE R LT LT O
(Bt ) i

VEP=%]

TR

T X

bR TiHERR LI EHA545
100082

Jb 7 80884% 44

010—82205563 82205716
010—82203444 82203547
010—82205645

010—82205713

18910796298 i34
010—82203590
http://haqy.cbpt.cnki.net(/£ &% F3)
heanquanzazhi@?263.net.cn
IR T A F201800035
ISSN 1672-5360
CN11-5145/TL
vEBFRESRT S ERA RS
BM9557

R — R RA TR 4
80.007T

WRE REFH FARH

F;K%WM\%M%ﬂ%ﬁEHﬂ%EKﬁ%%%O_j
FW: AR5 WEREESE, UKFHTAEHELT
X, EEFERERE G ATRH — KL, TFH

AR E LT RABREXENG, BRPFLN.

L

J

2023F 5347 #5024
R F] AT EAT

202346 A 30 H H R

Wi - ek ——

@NKIF £

www.cnki.net
H E o BRI A IR

[H R
4

r' \J 243 v
:;!.{b(i];)(lii

www.cjwk.cn

— XT - &M —
o %z! <1

LT T RIS

CEe) &%
wEARE

(Hzs) &
B



(BZE) "RES

—— WmESEE ——

B
K - AFREE - B2

— RERBELE—

TH=E % A
FER AR - TRKRE+ ok - Rkt

& B4k
Nl AL, o e e
R ERNELH - THEKKRE L@ AE - TRRERE

FRHEAR

HER FESZEAARAT - TERRL:

FEZS AR - TRKR+

oD
2% AT AF - B+
AL 2L R A [ e
FEZEFRFR - FERKE (R R LT
—— REBEER
F * I A | E ¥ %% x| JE
KRB % L% & TR F A
#Hi-F AL 5 A% 18 AR

(iR EHEF )



BERE

B & |2

& ANFEIMNEH

1 9&3: %ﬁ%ﬁgj&aﬁ;ﬁ E' ﬁj%muﬁﬁﬁﬁégﬁj\ﬁ}n@b‘( .................................................
6 *Z‘Eaé‘ﬁ (E) &%?&J“*@Fﬁl‘ﬂ@ﬁ*ﬁ*uﬂ%ﬁﬁ% .....................................................
16 &Iﬁ@iﬁBﬁf&*ﬁﬂ%i{t{dg%%ﬁﬁ%}ﬂiﬂ% .........................................................

& BUREM
22 @%rﬁ?,{tﬁ(%%éﬁék,ﬁ;;j\:ﬁ&ﬁ%*ﬁ%@%éjﬁ#&ﬁ% feeeeteettecceeceeceenneanntaatettaacann

¢ 1ZE] LK

29 WIVTBHLT YRR A BRI T RT AT s
35 ﬁi&_*}‘( %rﬁfk%?ﬁ% X&;H\:W %{ﬁ**@j}gﬁﬂi?{ .........................................................

& R 5IRT

41 Bamboo *%)?Eﬁﬁégﬁ{q;ﬂ_iﬂ(tﬁ I:F] E‘Jiﬁm‘l‘i%\iﬂzﬁ% ...................................................
T e T
53 ﬂ*ﬁﬁ%ﬂ-éﬁ%ﬂ%ﬁj{%ﬁ%ﬂ %ﬁ E(Ji&i«l.-gj%ﬁ[z .................................................................
60 ‘H%lﬁPzE:%E&%mi%%ﬁ*%%Qﬁ%*%ﬁi*ﬁ?uiﬁ%\ﬁﬁ% .................................................
67 ?ﬁiﬁ—é%kt%ﬁtﬁ;*ﬁ%ﬁ E(]E/E{ﬂk%%?% .................................................................................
R ]
81 SPAR—H A5 0 S BT B F LI GT weveeveeeseremsesemssesemsssssmsssimssssissnna
89 LSS TEFAEIR BB A T AR PR BN GAT U TE o

* —EXXR

99 ?%J,I,Iﬁlé]ﬁ éyp[%%:%ﬂ ﬁu%ﬁgﬁﬁ] iLif@iEZ%‘Q%;E@ZiE .........................................
102 g&*zﬂi ;FZ@[J;E;'E ..........................................................................................................

& SR
104 (R4 SRAF AT Soik H

-------- WA, HHR, A

------------------------- ettt St

2023 £ - B=H]

........ T%?'m%’ EE%%HH—%, é Eﬁ
......................... gK%;‘E’ %‘nﬂqz

Wi 8L, Bk, mkst, A

........ A B, BRHE, W

B, R 4k, b, F

......................................... %r‘ﬁ

M, Has, B,

U5, W, AR,
ERAR, WS, A OH,
Btite, X0, & i,

WO, Uk, SR,
Wk, & H, K 5,

R I R

..................................... ?E':‘,J‘H ‘Elé iﬁ
-------- B R AR

(BATHH: & W)



NUCLEAR SAFETY

16

22

29

35

41

48

53

60

67

72

81

89

2023 No.3 Y| CONTENTS

Analysis and Suggestion on the Disposal of National-Controlled Automatic Station

(Ding Xuefeng, Wang Haipeng, Quan Wei)

Analysis of Problems in the Promotion and Application of the First Set Equipment of Nuclear Power Plant and Policy
Studying & Discussion

(Zhang Xuedong, Cao Runfeng)
Nuclear Safety Culture System Construction and Management Practice of Nuclear Engineering Construction Stage
(Chen Qi, Shi Junke, Guo Yonggui, Chen Mingguo, Hu Ling)

Research on Nuclear Safety Standards Related to Common Cause Failures Deriving from Software in DI&C System of
Nuclear Power Plants

(Yu Yi, Chen Rigang, Zeng Si)

Feasibility Study on Application of Combined Net Bag Based on Cold Source in Yangjiang Nuclear Power Plant

(Lin Xinxian, Xu Wei, Yang Shaofeng, Ruan Chenjie, Wu Jian, Zhu Jianrui, Zou Xiaowei, Chen Jian,
Yao Zhimeng)

Study of the Definition and Technical Framework of Design Basis for NPPs in Operation

(Wu Guangjun)

Applicability Validation Research on Bamboo for Pressurized Water Reactor Loading Square Assembly

(Li Xiang, Xiao Huiwen, Shao Zeng, Liu Guoming, Yi Xuan, Yang Haifeng)

Discussion on Application for Expansion of Nuclear Safety Radiation Monitoring Equipment

(Zhang Junqi, Du Juntao, Hua Feng)

Design and Verification of Dual-Mode Radiographic Fusion Imaging Control System

(Wang Fang, Shi Xueyan, Ren Huanwen, Song Jing, Wang Wen, Song Yong, FDS Consortium)
Simulation Study on the Release of Fission Products During Sodium Combustion

(Wang Rongdong, Yao Zewen, Piao Jun, Abudusaimi Yakufu, Han Xinmei, Zhang Xian)

On the Professional Quality of the First Batch Molten Salt Reactor Operators

(Yang Shilong, Liu Chengze, Xu Bo, Wang Kai, Zhang Yuquan)

Analysis of Turbulent Pressure Pulsation Characteristics in a Horizontal Pipeline under Rolling Conditions

(Zhu Shibin, Ai Huaning)

Study of Application Optimization of SPAR-H Human Reliability Analysis Method

(Tan Xiao, Qiu Yongping, Zhuo Yucheng, Lei Wenjing, Hu Juntao, He Jiandong)

Equivalent Method Research on Nonlinear Vibration of Semi-cantilever Fuel Pin Under Gap-limited Constraints

(Yang Guowei, Zhang Yong, Song Yong, Fan Tiandi, Chen Jianwei, Lin Feng)



B 22 B3

B & &

2023 46 1

NUCLEAR SAFETY

T o, Bk, 2K . X TEEXAISHIRRE 83 Wb B ey obrfedin[ ] ], #44,2023,22(3):1-5.
Ding Xuefeng, Wang Haipeng, Quan Wei. Analysis and Suggestion on the Disposal of National-Controlled Automatic Station [ J . Nuclear Safety,

2023,22(3):1-5.

X TEEXSEHNINE B 3 il 4k & 8 5 H A2 %

T,

ToEMT, A& K

(AEFEFEE R4 P, T 100082)

WE: AZA, ABCZRAERS0AMEERABHAE A BNE (ATHAEKA D
), B “T=A7 AR B IR, 12355 B FhE BT 16 4, RET A FHSEEITH
e TAE, RSN BEAELN, HERE, BHARAREEEFEAM, A3hs@EREL
BEWH, ALZRAMBER 4. REAFE, FHAEZ, REFHFFT @ A FHHETRE

ST Fe B
SR B 24 Ak A F

HESES: X84 XERFREML: A XEHRS: 1672-5360 (2023 ) 03-0001-05

R P S A N R SR PR TS G B IR
P S5 BEFR B AR AP T A 1 23 W E 55
o JH b A S0 1T A A S A I ) 4% Sk S e
15 YL S WA B R AR S ER IR
FIFFJR T H shik i a5, Xk [ 5 PR K
B AT AR LR W, A R ) A L e
AR T A R T I R 2% . H
T g A7 L AR 55 b g D) b 3T A F il S
BT — 2 O R R R UM X
1 BHEER~ELRER

2007 4, WHBCHHE S 1 4 4R S 5%
WD E ™, 4 R AR S PR L 2l W ) 2%
A Kas 7 E PE 2 FH AN [ 0 B 2 B A
7 B = A R 8 A
TE Y RE 7 R H X E i KRR A I A 5
W R 2 AT T A, BRI 451000, B

Wi BEH: 2022-11-01  BEHH: 2023-02-10

TEE®A: THIE (1992—), B, ST NGHRET PR W TAF

* FPMEZ . T, E-mail: 1162100344@qq.com

=R, R R R A Bl Ak 498 4,
FAMER LA =@ T 3 M H . 5C
BT =7 AR ) R ik
Hiwo
1.1 2016 FRLETH B3hib EiZER

T [ B 3huh #2006 4 A, 7 3
Wl R T 36 A~ A gl BUE T8, X2
T B B 5 — Ik 4R KRR S AR B Sl
Uio 2009 4, 3K E R T 4 100 4~ [ B,
G T 314N (X ) BB I LA ST 5T 32
A Bl 1 E A R it S B L B T R A R
Hh Y 68 AN F Bl AR T454 (X ). 2011
AE H AR B AU  MRFE b S B 2 B
YrosHE L Wit 47, I EAE AR AL B SR o it
WX T 25 4 [ shah, BUE T4 BB
2016 4F, ik — 20 o8 5 3R E I B O R AR O PR
VA 2R, T 0 5 R R A R

e lalrlinle)



R

Vol.22, No.3, Jun.2023

REJ), RETE N SN ORI = 1 6 A
shul, BUR TSRS . 82 2017 4, K [H
B 167 A4 F sl 12008 T B E E A
SN R, anlEl 1 prs (B =M R R—
A~ H Bl

2006—20164F 42 K SRS I8 A Zhoh
Tt ¥ s B sy A Pl

1 2006—2016 &£ BEhih S E

Fig.1 National-controlled automatic site location

distribution map before 2017

1.2 2016 £ ENEZEIZER

(A 25 2R 55 W ) ) 2 3 15 Jr 8 St 3 K]
(2016—2020 47)) £ H, 2 2020 4F 47 JiE A1,
A B2 500 AR I PR G BT A W A Bt X
R E S — Ok B shul #iR s A AR
Hr, 2017 45, JEEREE OR300 23 6 40 5 BR 5% W )
Fe AR O AE F A B PR R T
Mg A O RS IR T 96 4 A )
uli, U T AL, 2018 4F, J5 B85 SR 4
T2 FCA% 5 A S 4 4 v O 7E T SRS Uit T
PRI R T BTk A% 55 9 7 AN ERR VA A W =i
A X T 131 A A shli, BUB T A S5
o 2019 4, 4% 5 4R 5 2 A b i o3 B AR R
Ji€ 2019 4F [ ghul @iz mi B, @ik 17 11341~ H3h
uli, o T T 9 AN IH A Sl BB TA SR
BEdbiz SR b il 2 Bk

2 BhuhfEFERE

G+ 2R RS PR A Sl i ) 2%
A B REAT, FE AR A Shulh i s 4T B
I T RE B8 BRI AR SR T R 225, X
T R, (H R iz 17 I E] B A

2017-20194F [ 2 K ARSI A Bk
T H R Ao Al

2 20172019 FBFH RS HE
Fig.2 National-controlled automatic site location
distribution map after 2017

Sl HEBE ALK AW N, 3R =7 B shak b s
7 T T I 2 8T B4 )
2.1 EoBEihiETREE K

F ] 45 S PR 1l W P 46 e 18 oy
ZACR, 15 B I R, &L A Bhulhis 4T s
[ KA 5. 2006 47, & = H3 5 0 it 36 4~
Hshuli 4817 T 16 4F, 2009 45, 3% H # %
[ 100 A~ A shafi thizs 17 7 13 4. X2 H g
HRLE BB AT, T AR A Ak B A %
PERETC I 2 AT 22K, TG 4% Ak & P
2019 4F ARFE EIHE KRS I EE [ 2 W Il
WHH, SRS Zeh o ART 9NMEIHA
P

2.2 BahhHUERE

Bl s KA B P05 1 ol A T oy el 8 9 4ok
A, BB WA, 2006 42 B 2511 36
A~ B Bl th 458 OV BRI, AU JE
44452008 AE B 100 > [ hul, AU JE N
48 Ho AR H i 510 365 4N [ Sl th e i
BEEE, H R S A B 4, Hrh 2019 AR g
W 113 4> A shali = AUs T SRarE e,
HoAb =AU 8 TSRS, R a4 5 A58
S AR T 207, AR T a8k A shl i ik &
Bilan, | shsh ¥ ZAER &R Z, IE 3 fiR,
17 AR A s i B B B8 25 R0 Bl M D 3B A 148



Vol.22, No.3, Jun.2023

TE%%. £TEL A ABHIE A3 LAk oMK

- o » J5 i K:3100 R
I BRI | BURPERE
A
<
-
i T PR R LA
T kiR % H
REEA I AE % e~
:D:j —_—
& /
6 O fat -+ i
Y —
R R AR AL
= T b

B3 BairsE

Fig.3 National-controlled automatic schematic diagram

PRINE D) A SR & P75t A sk 4 i
FAE R I EAUR TR S 5 2 A
(S A B v 5 1 B4 31 2008 4F- 119 100 4~
F 3l i, 3 el —A B shul oy 5 55
R 2 At e AR R R T A Bl e
PR AR, 25 5 S B A Sl R il A A
B R FR L, 7E B 2l b & 2 W AR TE [F] 20 U
YA B A IR A
2.3 Bl E T EEiRE

HAT, B shibiah B E 2R «rp e gl
7 A 0 (RS B TN AR IR A,
WA BAG TR ENE AT T BB i B 7 Ab
EFETAE. R PRI IR, B R iRk
FREESF 0 FE AN . 51, XHF221H | shul 7t
G W RHRIE BRI, &8 A E A
REHR AL & AT 5 BN AL E AR, 5 806X
SO AR A AL T AR AR 1) PR ERES
24 B EREAHE

HRT, F 3l i A f e B I AT AT 1Y
QbR AR, T WA 1) ) 2l A R A
PR, S350 A shuh JoikAb & N 4 el = 10
BEUR IR B A AR o SR AR RR 1Y B

Sk AR IC I S A B AR, W T A Sl
F8 1 R R, IS 8 T Bl ol 5 e 3 .
Sl R %, AL B AT B A 4 —
LI T NNTIES 2 W NG K A W = R SR N
o W, A Sl ab B AR E Ll 5 =07
Ab & S E AL, AT BOC A € A Sl 2
AEAZAL A
2.5 HEEhihAE SRR

FI Blynki 73 A1 7 2 1 3 S A 50t A X
b 2 T RN 2310 1 M D, e AV AR T E 8l
AR 2548 1 i LT LATE A48 AT st Ak e
ferpib . (HRAUR T A B SR
Stz g bl i A S o A, BuR AR A A
HREE AL E W R i S B SR,
T RETC A B 50 1 28 T LB, R ATUR M Fh
Ak T7 3 BEARAL B AR

3 B3 ERXTRFNEIL

BEE I shuliis ATl 934, A shub b
WA YN, A S RO AR, 9 G A
7 RUE SR, B AT A bR, AW, 5 E A
SR BTk




Vol.22, No.3, Jun.2023

3.1 ZETGE—BashitiuE

A sl fAUS I3 T 2 07, oAb & 575 20t
Z T L, d AR N B k. R 2 (]
— [ Bk e 22 05 g R IR R B
AT, S5 (R MK KT [ 3 00wk
AT TN YA I K AR A 1
AEBR— BN 8 4E” 1 %44 2006 AR EE I 1 3
3t 1 2008 AF A 100 A4S [ shuk @t T A zh
ui B AT WU ER . TR A A Sl b 2 Sk
HF R, R ARAT BIRAR T, i A% SR e A
O B e R I 4, X AR Bl AT
AR B G — A S AU
3.2 FSeEzhihA EiRE

ANV, RSB R, HA R E B A
Bl A EARIE, A RERT k) Sk N R
Wb TERIE A Bk % Ak B BRAERT, N Y ]
TR TR AR AL B AR AR FS b, kO 2 R L
T, A AT, B AR R R AT
ALER T A Bl ) AR BR G2 RS 4B L
SEEIE T E AL BARE . R AR B4R
JE AR T A St Ak R, BT R
IR M E -
33 BEEEmLERRE

—J7TH A Bl AR Ay [ e S B 5 M o 5%
(R A TR A, 4 ] 6 S P 5 o M T v A 4
THEBAE; 5 — 0w H shibiBUg ¥ e 207, H
Qb g K 2 AL A B . AR
FRBET A AL 1 20t 2 75 058 25 (] 4 S A5 )
MR o SR JE AR g Az AR IR RN 45 48 1) BE
FEabE T S ARy AT AL
[, i T [ Shoti b B VAL R, A% S
2 A FRAT ) Bl b S E LR, B TR
TEAL T Ak & ) Sl 0 B FE R B L R A (8
U AL E S, IR E B AW, i 4
Fimm o
34 ZERLEBINM

S E AR AT A T H Sk, fEEE
Wt i B R R [ Bl g A AT T O
[ A Shl s R 2, A KA/, AT
LA B A A TGS A ] LGS

[ SR B A H i ]—‘
S
A ARSI o

v

[ U i b ]

B4 BaiihtERREE

Fig.4 Disposal flow chart of national-controlled

ke A B

automatic

TR AR B A AL B N T EAS Sz A v
FECHHIAL B o 0F T Al /N B AT DL Se e 7%
FIRUE T G, HEAT A PR AL B P O
RI1Z 5 A ghul A E R

S 30k

(1] Hrde A RIEFR U5 e B ii ik [EB/OL ] . http: /fwww.
gov.cn/bumenfuwu/2012-11/13/content 2601283 htm.

[2]“ T =0 EEWEEAY L [ EB/OL ] . https: //www.mee.
gov.cn/ywgz/zcghtjdd/sthjghjh/201706/t20170607 415615.shtml.

[3] AL, T=Wrek, Dokfd, % FREESHEL A 2 Wil R 5k
WM S R [1] . SRk g, 2014 (03 vo v.39;
No.665): 56-58.

(4] ZESIREER AR O W H AR pors | PR b 2 <A sh el
BTN [R] 2022,

(5] Al AT A B S A B L] [J/OL ] . sz
T (HFEHFSE ) JF Citizen’s Weekly, 2013 (9): 79-81, 131.

(6] o [l Bt W sl . 1] G2 4t KK 0T 1 3l M 0l 5 7 74 B
B[R] P EPRE A, 2019.

(7] M oh . & TAT Bl Ay B B by T8 (1],
TTEEL = 5045, 2021 (11): 3.

[8] Emizy, FAEF] . T mfeiE oAb S A s % [J] .10
TV AR B - 0 T2V TR B E R (2 1):
22-23.

(9] Hrsed sl B A 9 7= 4b 845 B0k [ EB/OL | . hitp: //
www.mof.gov.cn/gkml/caizhengwengao/wg2021/wg202111/
202203/t20220301_3791291.htm.

[ 10 ] v g g ol 57 [ 4 % 7™ 1 45 BT 17 93 i [EB/OL | .

http: //www.gov.cn/gzdt/2008-03/26/content_929273 . htm.



Vol.22, No.3, Jun.2023 TE%%. £TEL A ABHIE A3 LAk oMK

Analysis and Suggestion on the Disposal of National-
Controlled Automatic Station

Ding Xuefeng, Wang Haipeng', Quan Wei

(Nuclear and Radiation Safety Center, MEP, Beijing 100082, China)

Abstract: So far, our country has completed the construction of 501 national—controlled atmospheric radiation
environment automatic monitoring stations, successfully completing the 13 th Five—Year Plan goal. However,
some national-controlled automatic stations have been in operation for nearly 16 years, far beyond the
expected operation time, facing the situation of scrap disposal. This paper tries to put forward some analysis
and suggestions to the national-controlled automatic station from the aspects of ownership division, disposal
standards, approval process, disposal methods and so on.

Key words : national—control; radiation; automatic station; disposal
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Analysis of Problems in the Promotion and Application of
the First Set Equipment of Nuclear Power Plant and Policy
Studying & Discussion

Zhang Xuedong, Cao Runfeng

(Shanghai Nuclear Engineering Research and Design Institute Co., Ltd., Shanghai 200233, China)

Abstract: With the implementation of the strategy of “bringing in” and “going out” of nuclear power industry,
the localization research and development of nuclear power key imported equipment has been steadily
promoted, a series of technological breakthroughs in equipment manufacturing have been achieved, and the
equipment localization rate of nuclear power projects has also been continuously improved. However, the
promotion and application of domestic nuclear power equipment are still facing many difficulties and problems.
Whether he first set of equipment can achieve sustainable and steady development in R&D, manufacturing,
promotion and application or not depends on the guidance and support of relevant policies of governments
at all levels. On the basis of sorting out and studying the relevant central and local policies for the promotion
and application of the first nuclear power equipment (set), this paper, through policy analysis and industry
research, combined with the actual situation of the development and application of the first nuclear power
equipment (set), analyzes the problems existing in the key links of research and development, achievement
evaluation, demonstration application, incentive subsidies, effect evaluation, and promotion and application,
and puts forward the assumptions and suggestions on establishment of processes, expansion of definition and
scope, and establishment of application bases and release of relevant catalogues and the establishment of
special awards. All those could provide reference and reference for the research and application of policies
related to the first nuclear power unit (set).

Key words: nuclear power equipment; first set; promotion and application; policy studying & discussion
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Nuclear Safety Culture System Construction and
Management Practice of Nuclear Engineering
Construction Stage

Chen Qi’, Shi Junke, Guo Yonggui, Chen Mingguo, Hu Ling

(China Nuclear Industry Huaxing Construction Co., Ltd. , Nanjing 210019, China)

Abstract: The quality of the construction period is nuclear safety during the operation period. As an important
link of the whole nuclear facilities industry chain, the construction and practice of nuclear safety culture is
of great significance and research value. As a nuclear engineering construction unit under China National
Nuclear Corporation, China Nuclear Industry Huaxing Construction Company Ltd. has been committed to the
active exploration and practice of nuclear safety culture construction in the nuclear engineering construction
stage. The construction of nuclear safety culture can be “tangible”, “systematic” and “scientific” by refining
and solidifying the value concept of nuclear safety culture, establishing and running the management system
of nuclear safety culture, formulating and implementing personnel quality behavior norms, constructing the
performance evaluation model of nuclear safety culture, and dynamically evaluating the practice level of
nuclear safety culture.

Key words: construction of nuclear facilities; nuclear safety; nuclear safety culture; cultural assessment
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Research on Nuclear Safety Standards Related to Common
Cause Failures Deriving from Software in DI&C System of
Nuclear Power Plants

Yu Yi', Chen Rigang’, Zeng Si*"

(1. Northern Regional Office of Nuclear and Radiation Safety Inspection, MEE, Beijing 100082, China;
2. China Nuclear Power Engineering Co., Ltd., Beijing 100840, China; 3. Nuclear and Radiation Safety
Center, MEE, Beijing 100082, China)

Abstract: This paper analyzes the safety requirements and technical opinions on common cause failure
deriving from software of nuclear power plant in China’s nuclear safety regulatory guidelines, relevant safety
standards and technical documents of the International Atomic Energy Agency, and relevant safety review
standards of the U.S. Nuclear Regulatory Commission. ltputs forward suggestions on improving China’s
relevant nuclear safety standards from the aspects of scope of consideration, reliability evaluation and defense—
in—depth design, in combination with the problems reflected in China’s relevant operational events and digital
I&C system design.
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Feasibility Study on Application of Combined Net Bag
Based on Cold Source in Yangjiang Nuclear Power Plant

Li Xinxian, Xu Wei, Yang Shaofeng, Ruan Chenjie*, Wu Jian, Zhu Jianrui, Zou Xiaowei, Chen Jian,
Yao Zhimeng

(Yangjiang Nuclear Power Co., Ltd., Yangjiang 529941, China)

Abstract:In recent years, the frequent outbreak of small plankton in the sea area of nuclear power plant
makes it difficult to effectively ensure the safety of cold source. This paper discusses the feasibility of taking
full 2 mm, (2+4) mm and (4+2) mm nets as the cold source of Yangjiang nuclear power plant in winter to deal
with the influx of a large number of hairy shrimp from the aspects of initial interception ability, continuous
interception ability and anti adhesion ability of nets. The results show that the interception effect of the
(2+4) mm combined net bag is almost equal to that of the full 2 mm net bag, which is stronger than that of the
(442) mm net bag, but the laying time is higher than the full 2 mm. It can effectively intercept the hairy shrimp,
reduce the impact of the hairy shrimp on the downstream equipment, reduce the risk of blocking the mesh and
ensure nuclear safety.

Key words: cold source; combined net bag; interception; nuclear safety
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Study of the Definition and Technical Framework of
Design Basis for NPPs in Operation

Wu Guangjun

(Suzhou Nuclear Power Research Institute, Shenzhen 518000 China)

Abstract:In order to deal with the challenges brought by the changes of nuclear power plants (NPP)’ site
conditions, deviations of daily operation and maintenance, modifications and their accumulations effects,
design bases maintenance is promoted by international nuclear organizations such as IAEA and WANO.
However, the definition of design basis and its content is still not clearly specified, or the definitions are
inconsistent. In order to identify the definition for NPP in operation, the definition from system engineering
is introduced and definitions from TAEA, WANO, NRC are discussed. Adapted definition is chosen and
framework of design basis is discussed according to V—mode of NPP design. The application of the definition
and design basis maintenance concept is also introduced base on the definition and hierarchy structure of
design basis framework.

Key words: design basis; design basis maintenance; system engineering; V—mode of NPP design
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Table 1 Results of the critical boron concentration

Bamboo/ SCIENCE/ % /

ppm ppm  ppm
CNP600  BOL.HFP 1176 1196 =20
BOL .HZP 1287 1297 -10
M310 BOL .HFP 1082 1079 3
BOL .HZP 1189 1185 4
HPR1000 BOL .HFP 958 960 -2
BOL .HZP 1072 1070 2
i Z%/ppm
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——M310
—A—HPR1000]

0012345678 091011121314
e BBBREE/ (GWd/U)
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Fig.1 The deviation of critical boron concentration in
the full lifetime
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Fig.2 The error of critical boron concentration with
power following

22 MESWNBRES

HEE ) 200 A 5 RAFE 431 2 I 2 R e
G0 R Ak 2 7 2 M TE A P 32 4T 30 ) S AE S
RT3 2 4 1 1 B P i, ) Ao FH
KB UEAZ BT R e P E R S 5. A
Bamboo £ ¥ X = Fh HE 85 & W 9 (BOL)., 7 ]
H (MOL) #1751 & (EOL) 1 2l R 3 A #4711
B IR AP RR T A X R 22, An B 3 FNE] 4
FiR .

E 3 Rl LLUE 6T R A
25 3L, >k H Bamboo 2 J37 4 Lt T SCIENCE F£
JPTTSE A5 SR B AW 22 , B T HPR1000 s rf
() — 2 LH IR 25K 5.1% 4, AT £ 5% L
Wo 2FFHR IR A S5 R KB IR
FEIT, 2K Bamboo £ 75845 2 A M
TR ZHF T R B L SCIENCE Y335 45 Sl K,
HIEB IR WIAH I 5 Bifi 2 e U RRE IR, B T A5 10 vp
FFFIAAR , S R (9 232 & Bamboo 11
LR L SCIENCE 1545 3 /N SR 1)
Ko MWHES AR FEW KA, i T Bamboo 2

A 4T A He T SCIENCE #2223
HE DRSS L g /0N L A A D R R A O, S R
& 4 F AR IRFE 340 00T T35 45 R 22 , Bamboo
FE 7 0315 20 19 25 S A 9 AL o N T
SCIENCE F2 ¥, #F &8 ] [t SCIENCE 5. 2%
rwN

ARSCAE 3 TN 4 45 A BE Rl F, PR E
ZH A 23 A 22 FRFE TR B (i 22 f K1 HPR 1000
HEIY X AT A 4 77 0 D 10 5 g A e ) 5 )
F Bamboo &7 X HE S T30 0 AT, 1
S eSS TR A S A AT A, 15 2 4R )
RN 1R 2, 25 R LK 5, M Bamboo F2 ¥ 1T
BARRN ML R S g AR 2 UE L, A
PEUPREE R FFHRETE + 4% LA, 6 2 A% HL
JTBLR AR AR Z2ZETE] -5%,5% |IX.
(] A A )
2.3 EHENME

2 AR FH T S0 B g 1 1 PR 4 o, 7 U
S PR B L R A A T A
SCFI A Bamboo B 7 1158 = R A 75 1
WIS FIRARE T B il B0 (8, 1[4
] SAE L M SCIENCE &5 S ik 47 Ho s, il 6
JIF7R o

il L 22 2 T X Bamboo & T I 3B 45
AHXT T SCIENCE T35 AE 19 fin 2 LA S AR T4
AR A (L S0 110 158 2 A T 20— 25 43 B o] A
BEXE = A I HE S, 2R ] Bamboo 2 )7 115315
B 4RI B 55 SCIENCE -3 45 B 1 #H %)
2%, B T M310 HEES SA 4% 41 16 AH X 22
10.70% b, Fo 4 1 {8 M 22 ¥ A B 3 + 10%.
X T M310 HEES 1) SA 8 2H A% M (8 46 X
Ve T HARAZE L (FE 110 pem £247) FOZRIR, M
Bamboo 2 7 X 4% (8 14 3 381 -5 S I A AR X
BRZETT LUE H 6T = Rl ns s e 40
{5 S B A X R 22 B T AN B o R (A
ERAR/ N UNT 500 pem), 1 AR 22 KT
HABRL AL, R M IR ZE AT +3.5%.
SA T, Bamboo Fi 7 X6 45 il 4 A (8L 1 R4 SR
() S0 (L ) A RS 152 253 IR 7E [ —10%, 10% JIX[7]
ITENIEK

43




Vol.22, No.3, Jun.2023

0.9% | 0.9% [-1.2% [-1.8%
j;‘t 14% || 0.2% [-0.2%
103% | 0.7% [-0.8% |-0.2%
1.0% | 03% | 0.7% [-0.6% [-0.5%| 0.5%
~1.0%|-0.1% [-0.9% |-0.5% [ 0.9%
0.1% | 0.6%
BOL

0.9% [0.6%

1.0% |-0.5%

0.8% [-0.1%}-0.2%

-0.3%|-0.2%)

-1.3%

0.2%

~0.8%| 2

1.0%

—1.5%)

—-0.2%)

~1.5%| 0.4% [-0.1%

—-0.2%|~0.8%| 1.5%

-1.2%| 0.5% 1.8%

0.7%|-1.4%| 0.4% | 1.1%

~1.1%]| 0.4% | 0.2%

0.4 %

-0.8%)

0.3%| 1.1%

0.1%

CNP60OHE

-0.7%

0.2%

I

1.3%

2.0%

-0.5%

-0.4%

-0.8%

[
-0.4% - -0.6%|

M3 104k

B3 £FHNHESIES HEXMEE

Fig.3 The deviation of power distribution in the full lifetime
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Table 2 The compare of control rod worth with different program and measured worth

CNP600 H#E s M310 HEs HPR1000 315
- SCIENCE o %ﬁﬁ bl SCIENCE bl %iﬁ . SCIENCE m %iﬁ
AR 2 xR 22 XS R 22 AT iR X 22 TR
S ~1.17% -1.53% R 0.59% 0.12% R 0.03% 0.73%
A -3.73% 2.34% Gl 2.36% -0.61% Gl 3.74% 8.93%
B 5.89% 2.54% G2 0.83% 0.80% G2 3.22% -1.12%
C 2.04% 1.25% NI 4.67% 2.81% NI 5.45% -0.62%
D -1.44% -0.75% N2 ~7.29% 1.28% N2 -5.69% 2.69%
C (Din) -0.44% -2.92% SA 10.70% 6.54% SA 0.19% 1.56%
B (DCin) ~1.08% ~7.98% SB -3.38% 1.86% SB -1.76% -0.07%
A (DCBin) -3.96% -0.79% SC 2.83% 3.00% SC 7.72% -0.95%
- - - SD 8.66% 3.24% - - -
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Fig.6 The worth of control rods
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Table 3 Results of the coefficient of reactivity
BOL . HFP k7 BOL HZP JR %
Bamboo  SCIENCE #iXffi2¢  Bamboo SCIENCE X2
CNP600 S5 221 (pem/C ) -15.189  -13.325 -1.864 -4.521 -3.276 -1.245
AT IS R 2L (pem/C ) -12.773  -10.855 -1.918 -1.723 -0.479 ~1.244
W M B (pem/ppm) -10.367  -10.210 -0.157 -10.672  -10.622 -0.050
M310 GRTERIE 25 (pem/C) -15.102  -13.976 -1.126 -4.611 -3.776 -0.835
PEALFANRE R AL (pem/C ) -12.669  -11.546 -1.123 -1.800 -0.971 -0.829
W B (pem/ppm) -10.783  -10.655 -0.128 -11.070  -11.106 0.036
HPR1000  FFi & R AL (pem/C ) 20432 -18.942 -1.490 -8.015 -7.610 -0.405
AL AL (pem/°C ) -17.983  -16.482 -1.501 -5.197 —4.788 -0.409
it (pem/ppm) -10.934  -10.823 -0.111 11277  -11.290 0.013
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Applicability Validation Research on Bamboo for

Pressurized Water Reactor Loading Square Assembly

Li Xiang, Xiao Huiwen, Shao Zeng, Liu Guoming , Yi Xuan, Yang Haifeng

(China Nuclear Power Engineering Co., Ltd, Beijing 100840)

Abstract: This article studies on the applicability of domestic developed code Bamboo for the pressurized

water reactor (PWR) loading square assembly. The main work includes modeling three kinds of typical PWR

loading square assembly, comparing the values of core parameters such as critical boron concentration, the

power distribution, the burnup distribution, control rod worth and reactivity coefficients calculated by Bamboo

with their measured values and the calculated values by code package SCIENCE. The test results show that

Bamboo code has a good accuracy in the core calculation of typical PWR loading square assembly and can

meet demand of nuclear design. This work lays a foundation for the future engineering application of Bamboo

code.

Key words : Bamboo; core calculation; PWR; applicability validation
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Discussion on Application for Expansion of Nuclear Safety
Radiation Monitoring Equipment

Zhang Jungi, Du Juntao’, Hua Feng

(CNNC Xi’an Nuclear Instrument Co., Ltd, Xi’an 710000, China)

Abstract: Nuclear safety radiation monitoring equipment in nuclear power plants is of great significance to
ensure the safe operation of nuclear power plants, protect the public from radiation damage and protect the
environment. Nuclear safety radiation monitoring equipment has made a breakthrough under the background
policy of vigorously promoting the localization of nuclear power key instruments. The sate council of The
Peoples’s Republic Of China clearly stipulates that the design and manufacture of nuclear safety radiation
monitoring equipment and other activities shall apply for a license. Based on the process of forensics, this
paper discusses the forensics activities of nuclear safety radiation monitoring equipment from the aspects of
quality assurance system, representativeness of simulated parts, fabrication of simulated parts and appraisal
test, and provides empirical reference for the subsequent forensics activities of nuclear safety radiation
monitoring equipment.

Key Words : Nuclear Safety; radiation monitoring equipment; license; Mockup manufacture; Identification test
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Table 2 Results of detection location
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Design and Verification of Dual-Mode Radiographic
Fusion Imaging Control System

Wang Fang"’, Shi Xueyan™*, Ren Huanwen™“, Song Jing”*, Wang Wen™* ", Song Yong"*, FDS Consortium

(1. Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China; 2. University
of Science and Technology of China, Hefei 230026, China; 3. SuperRay Technology Co., Ltd., Qingdao
266041, China; 4. International Academy of Neutron Science, Qingdao 266199, China)

Abstract:In view of the increasingly complex inspected objects in NDT, it is difficult for a single
nondestructive testing method to obtain comprehensive information and meet the testing needs. In order to
solve the above problems, this paper designs and implements a high—precision dual-mode radiographic fusion
imaging intelligent control system based on two different radiographic non—destructive testing devices. A
three—level distributed control system architecture based on PLC and intelligent instrument is proposed to
improve the stability of bidirectional data communication of the system; A man—machine friendly operation
interface is developed by using WinCC platform, which can conduct remote parameter adjustment and status
monitoring for multiple on—site equipment; A self-adjusting control system with feedback correction is
designed to realize the high—precision positioning function of the inspected product. After repeated positioning
experiments, the repeated positioning accuracy of the control system between the two radiographic imaging
devices is + 0.06 mm, which meets the positioning accuracy requirements of industrial automation field
of £ 0.05~0.08 mm, and provides reference for the design of high—precision automatic control system dual—
mode radiographic fusion imaging.

Key words: fusion imaging control system; positioning accuracy; PLC; WinCC; distributed control
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Fig.1 Schematic diagram of combustion vessel structure
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Fig.4 Distribution map of aerosol particles under different particle densities (3000 s)
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Fig.5 Distribution map of fission product content at different sampling locations
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Simulation Study on the Release of Fission Products
During Sodium Combustion

Wang Rongdong, Yao Zewen', Piao Jun, Abudusaimi Yakufu, Han Xinmei, Zhang Xian

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: The fission products and sodium aerosol migration produced by the sodium combustion process
was one of the important sources of serious accidents in fast reactors. In this study, the migration behavior of
fission products with sodium vapor and sodium aerosol in the process of sodium combustion was analyzed, and
physical models were proposed for the release of fission products under the action of sodium evaporation, the
release of fission products under the action of sodium combustion, and the migration behavior of gas—phase
space aerosol, respectively. On the basis of determining the calculation method, the simulation calculation
was carried out through CFD software modeling. Finally, the small-scale sodium combustion experiment
was carried out to obtain the real sodium combustion process fission product sedimentation data, and the
calculation model was revised and simulation calculation results show that the aerosol migration model could
better characterize the fission product and sodium aerosol migration behavior.

Key words: sodium burning; sodium aerosol; fission product; migration coefficient
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On the Professional Quality of the First Batch Molten Salt
Reactor Operators

Yang Shilong, Liu Chengze’, Xu Bo, Wang Kai, Zhang Yuquan
(Shanghai Institute of Applied Physics (SINAP), CAS, Shanghai 201800, China)

Abstract: With the continuous improvement of the utilization level of nuclear energy and the increasingly strict
nuclear safety level standards, the safety development of nuclear energy has put forward higher requirements
for the comprehensive capacity of reactor operators.The construction of the first batch of operators of 2 MW
liquid fuel thorium based molten salt experimental reactor (TMSR—-LF1) is progressing in an orderly manner.
As the first batch of molten salt reactor operators, it not only undertakes the safe and stable operation of
molten salt reactor, but also plays a demonstration role in the cultivation of molten salt reactor operators in the
future.In order to improve the professionalism of the first molten salt reactor operator, this paper combines the
operation characteristics of molten salt reactor and the present situation of molten salt reactor operator training,
from four aspects of professional quality model, aims to improve the molten salt reactor operator comprehensive
accomplishment, cultivate a group of suitable for molten salt reactor, molten salt reactor service excellent
operator team.

Key words: molten salt reactor; controller; professional quality
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Analysis of Turbulent Pressure Pulsation Characteristics
in a Horizontal Pipeline under Rolling Conditions

Zhu Shibin, Ai Huaning

(CGN Research Institute Co., Ltd., Shenzhen 518026, China)

Abstract: The influence of pressure pulsation should be considered in the design of primary circuit equipment,
and in the ocean conditions, the movement of ship will affect the pressure pulsation, so it is necessary to
consider the influence of ocean conditions on the pressure pulsation. In this paper, the additional inertial force
under ocean conditions is established, and the model is applied to Fluent through User Defined Function.
Large eddy simulation is used to numerically simulate the slender pipeline, and the flow field results under
different rolling frequency and Reynolds number are obtained. The monitoring point is analyzed in time domain
and frequency domain, the Root Mean Square value and Power Spectral Density curve are obtained. The results
show that the pressure pulsation is small relative to the average pressure in the fully developed turbulent flow
region. The turbulence pressure pulsation increases with the increase of rolling frequency/Reynolds number;
With the increase of Reynolds number, its influence on turbulent pressure pulsation becomes smaller, but the
rocking condition increases the influence of Reynolds number on pressure pulsation.

Key words : pressure pulsation; additional inertial; ocean conditions; large eddy simulation
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Study of Application Optimization of SPAR-H Human
Reliability Analysis Method

Tan Xiao, Qiu Yongping , Zhuo Yucheng, Lei Wenjing, Hu Juntao, He Jiandong
(Shanghai Nuclear Engineering Research &Design Institute Co., Ltd., Shanghai 200233, China)

Abstract: The Standardized Plant Analysis Risk Human Reliability Analysis method (SPAR-H method) is
widely used in the analysis of post-accident human failure events (HFEs) at present. However, the detailed
judgment criteria and analysis process of the PSF levels are not described definitely and in detail, which may
result in the uncertainty of the calculated human error probability (HEP). In order to solve above problems,
supplementary guidance in the process of identifying PSF and rating PSF is given when using SPAR—H method
to quantify HFEs based on the SPAR-H Step-by—Step Guidance. The PSFs, such as available time, stress and
complexity are further studied. Combined with an example, the improvement and optimization of “available
time” PSF are explained. Theoretical research and case analysis show that, relevant optimization suggestions
can improve the PSF analysis process in SPAR—H method, and more reasonable HEPs could be obtained,
therefore enhance the accuracy of quantitative results of human reliability analysis (HRA).

Key words:standardized plant analysis of risk human reliability; performance shaping factors; human

reliability analysis; available time

(AL Hoedd)



W22 B3 B % % @06 Omm
2023 4E 6 H NUCLEAR SAFETY
HE R, K E R B KA U ] RIR ) 29 R T AF KRB 09 F 27 B A ] | B A, 2023,22(3):89-98.

Yang Guowei, Zhang Yong,Song Yong,et al. Equivalent Method Research on Nonlinear Vibration of Semi—cantilever Fuel Pin Under Gap—limited

Constraints [] 1. Nuclear Safety,2023,22 (3):89-98.

#%g*_ﬁﬁ“ﬂmﬁrlﬂj "‘BE%UQ’JEETflE%E

BER ', K FO, R
(1. Y EAF

B2, LR, B, k9]

KA ey mAF R RIE, A0E 230031; 2. PEAFHAKSF
3. PFAFARARE, 8 266041)

, AlE 230026

BE: FAEIXRM A LRET, FTRAMMRANGERTBX, ZERTH EERf%
KR, BALENBR SR AGHRS, MR THEGGRE T EH, FEH R T4
T BIIBL RSN, ERS TIOUT A LRSI R MAT A, 4FaT18 5] AT 6 3F 2 bk 1)
M, KRR ILRER T, Bk A FRELASF R R M RICKF B4 A e
LM REF T REE LB RREANBATER, 5 HF B R RS R 2
N, ER I RRNHAZ, THhik fHFEFRIEFR L, Wi ¥ B4 ORA T E
8] R PR 29 R T AE IR B 69 F A k. it F B XM U RE ST, AT kS
G A R AT, &R 2T ZEG AR KW@ Y, A kTR e
AL A A G A TR T k0 1/74; WAP R R A, E A2 kshh kK —5,
A R T R T7 ik VT ik A RCR fR B A R BR 2 R B XA TR RS R AL, A DB
R HEFRAL T Pk ikt T A

EER . M 4"%557&, [A) B FR ] s KSR WE S

FESES: T3 XEREW: A XEHRS: 1672-5360 (2023 ) 03-0089-10

5 ORBUAZ Bl AR LE , /N TR AR B Ak B )i 3 L WA R, 4% R 3R T 2 Bl R R HE B O

A B AR NS 5 RS BB A
LAV FE AR AR S
B HEHE HAT TR RE RLAF AL EE D DR R
I G LR A 22 At v AR R, R
A/ NE R TR

Wi EH: 2022-03-30  BEBEH: 2022-03-31

% A 4E R W SVBR-75/100 /il BREST-
OD-300 i {7, Lt I i} i) MYRRHA 351 [
KA ALFRED 5 5, LA K [ () CLEAR-I
TE L E R H bR TT 1 2R
T T Ui [E b R S R EE A iR A5 T LLR]

EE&WE: EFRELNEIR, KIS S @R E A ROV BRI , W H%% : 2018YFB1900600; HEEEBE A 28
MRS R BT, WIH S : XDA22010504; i BIEERE S HARRTE R LR E NRE LuiL “nigi]” KF Uuv
FLR T S8BT 5 OCHEARBTARTH , 3 H 4% : NO.2021WHZZB1100

TEERA: HEE (1991—), B, ek, HEENEERESHARVSAHC TR

* BWAEE . KT, E-mail: yong.song@fds.org.cn



¥R &

Vol.22, No.3, Jun.2023

90

WASHT A A T2, [RIHA B T BT A4l 1)
P Ik . O T R RO T AR e IR
Iy ] S L, o SVBR, BREST-300
5 MYRRHA R JH 8 22 45 ¥4 42 {3t wp 7] 32 4%
ALFRED % HA% 2R 82 it v i) S 45 AR 4 5
HERRRLTTHS LR 1,

R 1R NS SRR, /NI
SN HERI AR TR 3 R AU HES . ARAE T1%
GUERIEHE  /NRUBTHAR B L HE DB T A R
KARRT, 7T LA W () S 454, IR AL i [
TR BRECA R 25 . SESREE
J5 2CAH B, 2B 2R RO AR e AT R AR
(B T s ] i TR M

F1 KREHEHERBTHRTAR

Table1 Representative lead—based reactor fuel pin design

A AZE RKpE
ey SR fTER KA/ B gt

mm ¥ /mm mm

SVBR-75/100 12 0.4 1638 L FuilEE
BREST-OD-300 9.4 0.5 2250 L FumfEE
MYRRHA 6.55 045 1200 | Fug@EE
ALFRED 105 0.6 1430 [ FgMEE

1 FEENAPTHIE& RS R

B AR TR R ] B 5 2 T R
JUAF R Ui F A A A o 2 fid e — AR AR 3Kk ) AR
ZRAPEAT Sy, TR F2 fik =l 2 Pk IR A% 450 1) 4
B IIHTEAR TR BIMEF ISR . T RS
AR PR 3R 1 s o S8 K, ) S 56 T Bt
TR AR AR SO 58D, BRI B I IE R
20 0 TSR AR LRSS B0 T R A A, DR b 2
AGLH A 3 A, w0 R E T
JE K. Rosenberg /45 5] AR Lk MBS HLIE
FEBFERA m R A e AR L R G
Al RSh . e A LA AR T 5 7
Z U TR ST Hh 58 4R T LS Y ] Bt P oA
L, TAR R SRR RO, 8 T TARR 5t
SR AR AR TT AR B R B A R R R R D
B R FH A R AL, R Mk A LM 4 252K
AL

) S A R TR R a1 L B 7y
LR R R X A TR AR B 1Y
W 57 AN SRR LE AR /N o R 2R — BRI At 5
SRR 3 i ARG B IRSh AT, R
[ B e A8 S AN SR S AR R v ] B
He 5 B L AR B SRR B FR 3 A
U IS WS o N S DR A € S L) S e i o
FEUN « AR B R ST 5A5 3 B 4RI 1) £
TR UG- sh A S i F% SR I R, AT LAAS 2]
B AR T IF AR — B R i R 32 SR
8] e A LS ] BT ) 55 S I L, 2 P RS
[Fi) A5 7R F14 565 — B R A A 4 o sl A< A S5 I 1k
I 6T 7 5L DO D Shy 25 A% 5 8 P B I g
B FCMOBL LA A I1] ORI f88 2850 0 5 S8 5
LT 5V A G

S

117 Ww@
1 REZENIERE

Fig.1 Model linearization process

BRI E AT 2 UGEAN, JOE PR
B 45 2 S AR B W . PRIk, AR SCHE 4 2]
bR G T SRR BN A T i
BIT R SR — 2 AR i S Ris g
D7 R, ST A2 Bl R AR B O R A AR
SR IR AR 56 — 0, NIRRT, 35
A AR B B AR — [ it 2 3 R I A
2, MR AR 5 2 R o
2 FREXMBTHERNEKE
ik
21 BEXREHHEES

S e AR B SCR IR B TR Bl E A
RLSREENIRE K A



Vol.22, No.3, Jun.2023

HERE: EELZABBAMAARBRAHGETELREDGERFTEFR

% L& BAT SRR ) 1O IR R R 2 SRR
EEGE NP 2 Pn e oy Co, o) EREAEE] ¢ 3
x AERIRE 00 AS  E R R OB T R T A
) BT, p ERIERT R

y
X
0

B2 MiEXRREE
Fig.2 Schematic diagram of Euler’s bullet support beam
220 s T 1) 7 T A e sl A6 e A A 1 A
P, B d S RSz sh e -
0y (x,t) oYy (x,1)
El =
or’ B ox* 0
BERAY A RS 75 R — P B i o
Tt SKRAFMIYITRE, WSROy B s R, 5N (1)
AR N -

(1)

y (x,»)=Y(x) T (1) 2)
Horp 7o) J2—MATEE PR EL, AT AR -
T(t)=sin(wt+ a) 3)
Hrp o ZERSEA IR,
Q) TLIFRR A
y(x,0)=Y(x)sin(wt+ a) 4)
B (4) 4 A (), TS5 .
'y .
" —2'Y=0 (5)
4_“’72'0
Hrp 2= £

P R (5) B Eh -
Y (x) =C,coshix+C,sinhAx+C;cosix+C,sinlx  (6)

WMo A 4 D SEE R E, L&
HFRRWT

(1) 72 [ i, 2R BEFE R A0 0, [H]
TE IR RS R (7). 5K (8),

Y(0)=0 (7)
vy,
ar| o (8)

(2) T3 S, GRS Rl O, 0 RS
K(9), 59 S5 T A, A A (10).

d’y
dx2 =l :0 (9)

&Y
dx’

I ER 4 AR A SRR S

it
K _ 1+cosh Alcos A
EI cosh A/sin A/-sinh Al cos A/

M R S L E 1. T BBEZ A E
AR (D) AT, TG E AR, AT PSR H
ARAARRIE . 2= TP N R G
SR IR DG I 28, B o~ BV U RE T i
F18) — i 4] A A3, A AT LA SR ffe S5 00 5 S 8 i
AR
22 FERBEAMBTH—MEEHREITHE

1 B 2R T — B T A AR
Fer, SR AN f A5 25 55— 20 il ik —
A T6] BRL 1) AR R A A0 Ak T A B0 A I 5
5D R R S R RN 25 5 0 B PG
BT A AT U0 A, 2 145 3047 18] Bt R
EERRG B E AR E AR, 5%
G 10 B R — B il e s ShE AR L 2O R TR
UETF KT B [ 3 i 1 3
221 FARRRHEIZ S

i G o A TR RS, H S22 NI, Dl
A R A B DA B RHL AF
FER G, W ST AL R 8 o 7 SR N Bk Y Iz Sl
B, BAATARER 6, , S 2E A% £ o I A Al
RN A 3 s .

., =KY (D) (10)

(11)

B3 BER&E
Fig.3 Pendulum model

IEWAROL T, s gl o i i 0 8 il £k
iz g &N 4 s, SRR, iR

91




¥R &

Vol.22, No.3, Jun.2023

92

S ¢ A R, RE AR AN A ARG, T i Al
SRR 8) 7 17 S [, SR /INANAE o

amplitude

.
time

B4 BREBIHHT

Fig4 Pendulum motion trajectory

AN H AR N B s gl A A R
i (12) SRAF, IS PR A K

|1
r 27:\/; (12)

Horr 1R BB , g TN
PAPRIE BN AR B S R AR L G RR
6=0,cos (wt)
REFEARZS T s S R S5 J ff o A G 45
INERATEPS AR A3z 3y, Wi 2l ) JE S/ D R
Rz sy is ST BRI IR S FH A A

-
arccos 60 (13)
1= w
H o ATLAFER A
_2r_|g
==\ (14)
IET Iz SRR

/ —a
T=T-2t= |- | 2m-2arccos —
0 1/ g ( Goj (15)

S5 om0 B B o D A i 5 R 2B,
J%J,ﬁ;ﬁﬂw\/; B T/2 5 3 ammtl, B T2 0T

PR, Tozn@ AR 2P

JER AR =S (15) AT RLERA TR B2l 0 B
JEL 3T, A0 2 W X (15) W A5 AN [+) i 43 4 12
R B Fii i 2 A 4

7 ik — L e (15) /Y IE B 1, A H]

ANSYS ' CONTA174& TARGE170 HLoGH: 37 /5
S, b PR AR PR RIRAE A
FABE o 43R 20 40 .6° .8°  ffi FH AYSYS 53
WATHEAT B PR ERRE 2 3 A B, ULER 2.

®2 TEEHERERZREL

Table 2 Pendulum cycles for different collision angles

R 2° 4 6° 8°
ANSYS J&1] /s 114 128 143 164
PSR /s 113 126 141 161
W % 0.8 1.5 1.3 1.8

52 (15) BT B 4 R T X
Lo, R BDR 25 /N T 2%, Bl 48 AR B BOK, 1R 22 B
KR ARHT 2K (15) THARL R T4
2.2.2  BHENIE G R fif 1 12 2

N T HEEGE RIS B H R ARG, AR
ENIPERAA 5B AR HL, B NI
FEA S KA AL AT PRI FP AR Jo
OPAREIE] o AT LSRR DA [ A i RO Y
BRSO N 5 R

B

5 SEERIMERER
Fig.5 Articulated rigid beam model
AN ERS 12 B i —E
AN A AR S MR AT A S e 3 3 ] 400 T
PAid 2 (16) SR A, IS KA

—ox |1
T 27r\/; (16)

KA R B R A -

T=T-2t= [i 2m-2arccos —% (17)
2g 0,

fifi | LINK1&MASS&TARGE170 ¥ It #t
S A W AT R AR A AT T m, AR
AR R 100,



Vol.22, No.3, Jun.2023

HERE: EELZABBAMAARBRAHGETELREDGERFTEFR

ERE S A E o 2050 20 40 16° 82,107,
i AYSYS 5 3e 28 05453 2 1y iz 3 4
W3,

®3 AFEREMESZEL
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Table 4 Collision pendulum cycle at different angles
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Table 7 Comparison of vibration frequencies of bullet
support beams and semi-cantilever beam fuel pins

PRI /Hz 10.23 20.41 27.02
— A Hz 10.20 20.34 26.94
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Table 8 Max displacement at the bottom end of the

ammunition support beam and semi-cantilever fuel pin
and equivalent elastic support beam

PR L e —
A RN SRS KA i
. % /mm M N/m % /mm ?
[A]BE /mm
0.5 0.51 1.22x10" 049 3.9
0.3 028 141x10° 027 3.5
0.1 0.093  547x10°  0.089 43
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Fig.12 Semi-cantilever fuel pin model and equivalent
elastic support beam model bottom end displacement
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Equivalent Method Research on Nonlinear Vibration of
Semi-cantilever Fuel Pin Under Gap-limited Constraints

Yang Guowei"’, Zhang Yong’, Song Yong™ ", Fan Tiandi"?, Chen Jianwei’, Lin Feng’

(1. Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China; 2. University
Of Science And Technology Of China, Hefei 230026, China; 3. International Academy of Neutron Science,
Qingdao 266041, China)

Abstract: The semi—cantilever fuel pin is a structure with fixed at upper end and weak constraint at lower
end, that can much reduce size for utilization and installation, and has the potential to be employed in small
reactors. Compared with the traditional fuel pin fixed at both ends, semi—cantilever fuel pin with weak
constraint at lower end, explored nonlinear behavior of collision and contact under vibration conditions.
Aiming at the abovementioned nonlinear problem, an elastic beam with an artificial spring at the lower end is
equivalently adopted. In this paper, the nonlinear vibration process of the semi—cantilever fuel pin is equivalent
by the single pendulum-cantilever beam model, and the equivalent stiffness of artificial spring is determined
from the preliminary vibration in collision condition. Through the seismic analysis of the semi—cantilever fuel
pin, the method proposed in this paper is compared with traditional nonlinear FEM. The calculation time of
the new method is greatly reduced, which is 1/74 of the traditional nonlinear FEEM, and the vibration of key
components is much agreed with each other. It is preliminarily verified that the proposed method can quickly
and effectively solve the vibration problem of the semi—cantilever fuel pin with weak constraints, and provides
a rapid design tool for small reactors.

Key words: fuel pin; semi—cantilever; gap limit; linear equivalent; seismic analysis
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