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ABSTRACT: Objective To obtain the dynamic response of control rod drive mechanism (CRDM) and reactor head package
(RHP) under earthquake conditions. Methods The assembled finite element model for CRDM and RHP was established.
Three-dimensional nonlinear seismic analysis was performed with software ANSYS. Beam, link, and spring elements in soft-
ware ANSYS were used for modeling components of CRDM and RHP, and the collision effects among seismic support plates
and between seismic ring and seismic support plates were considered. Furthermore, the beam model of cable frame and ca-
ble-bridge was also assembled in the model instead of simplifying to quality point, which can reduce the error of seismic analy-
sis caused by untruthful mass distribution. Results The seismic analysis and calculation of assembled model were conducted by
the direct integral calculus method with software ANSY'S, and the section loads of CRDM and RHP which was required in stress
analysis were extracted. Conclusion The seismic plate collision between the load of each section is simulated accurately and the

load of each section is obtained. It can provide input for stress analysis of equipment.

YK BH: 2018-11-22; f&iTHHI: 2018-12-19
TEE®: 2k (1985—), B, #A, HLMEEt, TEMAFTAHRBEEHHF,



. 66

2019 42 A

KEY WORDS: control rod drive mechanism; reactor head package; seismic analysis

P BRI S ALK ( CRDM ) 1z 7 i 3 T 20 4
(RHP) J&SCBUAZ I N HE D REM 205 %, TR THiE
12884, MG RCC-M LB ASME B 4540 56
BOR, TR HIF IR, DLRIE L RE FE BT
LW FEAE N AN R AT & e D) RE

XG5 TE R BTRZ TR, W] SR FH AR 13k L i
PSR NS R BT 7E S . HIEFITE SSE MR,
CRDM 5 RHP #5#B14 2 [ADK: A Az fil 4 A EE 2 S5 R 4
PEHZ, SCh R BTkt 7007, BB T 45
WH MK #i . LI CPR1000 #EAIF) CRDM & RHP
B, R FHRRE M T R = AR PR = 0T, 2R
ANSYS FRFEBIH R AT | AT BA T K i PR T vt
37 T CRDM Fil RHP A9 R &8 B4l 4 Pum= k444
BURE AR A P v, 45 FE 2R F B 21 P S R | %
& CRDM T LR SCARM Z 0] . PimE SRR S HiE
ORI Z B REREAE R, 375 CRDM fl RHP 4513/ &
F14) 48K T 2 A

1 R

CRDM #iI RHP % TE S0 HEJE T 45 4% (RPV )
s Loy, Je RO e R B R4y . 1247, RPV
T35 5 25 Ak 22l o R M e . 15 MR SR
CRDM H1 RHP Bl RPV T 55— Jf-i& 7 AL, il & AE
TRFEAFIAE o RHP £ i LR JLASH A4 %o

1) SO HEHETI R HLAL 4, 43k &6 i 2R
M, R ER e h S T0RE  EE E, EE
ZEI PR ORI T IR 5 SORIRE S, SORPURE
ORI LA A Y . i AR R
HE T 5 B 3R B SR L i, R R T
IR EZE T H,

2) [ HEHETI TR SR B, EE M PURE SOk
WA S APUBRhiFr A4k, fEHEM LOCA T.40
T, 5 CRDM HuE 41 {4t & PRl CRDM Toi S A ]
miFs, Bk CRDM A/E# KIS A .. brmhn
UG 3 AR BAT A 2 AR $ 7 sh ik b i kT2
B, SXEERIFF AT DB RS2 R A2 R, BURE AT 2 4%
fa 3 o P A A B TR BE 5% L

3) CRDM ¥t i, th 61 NPuEt . 8 1~
M 1 R R R S AR IR 1 ) R AT R 2 S AR B
ASHURZHRONS B [ EfE—41 CRDM |, #HABHIE 2
[EJAF7ERE, & CRDM Himg Rt on m BRA., K i
f CRDM 2 [H] i fi 5 1% 38 ZHiaE R IF I,

4) J N HEHETI R AR LA S AR AL, @t 5
AR AR PR SORER b B TIRETT, AR
) — Vi A S 3 K L, A Ry HE T R 45 5 AN i

PR I8 o 76 035 A7 BCRAS , i i [ 3L iy
F, 25 4 A - [ AR SR T I

5 ) 2N 3 o T XU A, Al VA 00 X
SCR b, i CRDM BEHEER LRI, RAEbUE R &,
TEST BT IR AN 25 s A PRz o

CPR1000 AYHETRZEM AE 1 FFoR .

RATBF AL

2 SiiEE

2.1 HRIES

EIFE# 84T T.0F, CRDM F1 RHP (¥R &85 4k
IR | SO HE R T A Al i 3, 75 B4R P SRP3.7.2
R AR D S A T R A B, SR FH 22 A5, 43 e
J IV HE 7 75 4 Sk A0 67 AT R B AT B it
T B it R S A

K ANSYS B3 942 550 BEAM18S #Eay T #8
M EL . PR ORI A A5 FEHR K r B AR B AR, AR 4
R TR B R F 8 B AR A B C R T 240 . CRDM A
JURhZS O BRI LA, PUE SR R 2 O IR
TR A REEH, T AT RS0 R AR5, g
FOUE T e AR ) -l L AU A . MR 4 BEAM18S
AR T A 2 e B4 B A, I AR T R 5 -
PUBHATAEARZ B 0 R HREVERT, MR 7K AZ R 1B 2R
EVEM, HIHFM ANSYS #2519 LINK10 BT HE4T
L, o TE K E B RPV Tis /K&, X CRDM
H1RHP 5= 000 57 (4 B0 ml DL 220w, ELiZ % & M AR
A, R AERIR Ny, AN R i



Flel H2

FARIEE 2 RO S LR 5 S I o S T A B TR AT - 67

CRDM 73 A FEe . SKBIFF . BRALIE 4% . T12k
(e L BN A b e i U)ol AT TR I R B SR ST o
LA R, JFARE A E ORI E , G
JESEEE ) CRDM MY . S TG | R T A P
IN:BIN R (BN R e ) | R DA Sl o Pu R
AT BE 1Y 71k 523 CRDM 193l ) 2% 43 A 7
S I N e A <R VA= e e o N D T g
T2 (B B IEFE R AR o SEPR AT R, BREhAT | T
7 FIBR AL T8 7R £ FE BT Y X AR R 48— (% . /£ CRDM
EEREPTERAR AL, LA R BE A A OT COM-
BIN4O AU A 2 0] )l A, (1] B0 {35 O AH AR
PR 2 8] A 52 P i) 5T, 5 588 I 2 B0 B 7 A A il
JETT 1) (R S P M A T B

20

19
_,40 8 436 406

17 45

.39 16 144 55

.38

137 %) 53

SILE
4 52

15
14
13
i
33 Hhg——2 =51
Y ‘
8
7
6
=]
4
3
R

BALE AR

(i3

it

Kl 2 CRDM 3l Jy 243 st Al

U SR SRR AT 74T F BEAM188 B4
JCAEHL, T A [BE B, SRR Ry i RE 5 Y A o
SRR G PR TTAE — 8 D BE L, TR ITT AT
AT A0 32 2007 ¥ A DU P AT LINK 10 BT

I B R A2 R VE R . BiAT 5 S R A 3 0
FFSORIA BT A — e, NI,
PURE SORA AT AT A BT A& 3 s,

HL A L4 T AT LR T A R R S AR AL,
R F)ZHBEEe . DMt TEBSN.
2GR T ORI SO . AT AR, YR
FHI BEAM188 My Al i 45 o ot K HoAth B Jg 350 4 o
T 4 A5 A3 TE AR A N S A FE 4 T 5% RRE 4R AR A
o IR B EHFAMEEITIRE T AR
FERIGNPE 4 FioR o

Kl 3 U SOREIEEN Ty i il

e LY

B4 AEFEAR K G AL A FROCRER

# 61 41 CRDM K RHP 420 {4 frAsE R4 o7 B
KARMEE LRGN, HEHT 000448
B G0 s Fis o KRBT 3D Al Rk s,
() SR R K AN 6 BT

5 CRDM FIHET0 4544 (7] 4 A AR 76



- 68

2019 42 A

2.2 HHREH

BERIB AR e 1) AT i oh 5 Lt 454
[ 20, AL AR A L SOR A (PSR ) 2o
BEEITAE; 2) T RATS IR A LEk g,
AR =ATTHPFS A (xo p. 2), WTSEHH
b Eeh, AR IIANPIANTT RS F s 3)
RPV LESKRLBCAHIR, CRDM 43 Lo (H 4 5
RPV & KEEA R, EESLR TS A R A, o
5145 %51 CRDM A8 J3 53 2 T S £ 57 W MR 45 BT

&l 6 CRDM FIMETILH AR H R 3D R

2.3 M

SR FH A5 350K P BELJE SR AR B 28 B¢ HR 1) BELJE 3500, 7E
ARG s dhilsr T, {Bik Rayleigh FHJEHEFE R

[C]= a[M]+ K] (1)

K (MR RE; [KIVRIEHRE; a. B
A Rayleigh BHJE # %%, Tl LR 7 FE R A

&=alaw)Hpwl2 (2)

A & MMM o MEFR (
L), — T S I ) 1 R A B B P R A R SR
ftta. Bo

H T CRDM ¥ —Fiiii% 4 1.6 Hz, H CRDM
A RHP AU B BARLZAE 40 Hz LT, HIESE 1 Hz
F1 40 Hz 33X 440 %k 1155 Rayleigh BHJE & 8. X+
SSE HiiZ F1 LOCA 3l Jymm i 43 #r, FHJE HLH 4%, it
BARF] 0=0.49. £=0.000 31, BHJE HLS5HR A Z
e 7 iR

12

10

S g

x

)

: ;
4l /
2+ \xﬁl////

00 5l ll() 1I5 Zb 215 3b 3I5 4I0 4:5 50
PR /Hz
Kl 7 Rayleigh fHJE
3 FHHHmESW
3.1 HE@A

HETGUAEAZ 1 IR ZS B 18 b 5= iy AR IR AN . — A
J= RPV L3kiWizsh; — N RbirShisrab - dah iy
Hiz sl . R 24T X% CRDM Fl RHP 2H A5 157
THRHUZ 4317, RPV _LHLMfi &t infe RPV L&
S B T L, PURRPLAT AL A 057 B e i e BT R AT
Hhuiti 5+ E@E AL .

B SSE M7 S % 4 1 e iR s - AL 15 3
(LB I FRAE A = i A, % SRR B REMLYE , L
7 3SR X AL BRI — R S i2 5 RPV
TE X A 3 A Bt R &l 8 FiaR, JN#RAE RPV
QIR S S RPN (VAW 71 £ A% A WO B 2y €7 R iR
a1 A7 ) R 2 R 2 I N R AR B n
TERLFE A1 o

400

400 CASE 400
300 300
200 | 200 |
E 100 100
§ 0 0
~100 ~100 |
-200 —200 |
B0 30 15 20 25 30 %o 5 10
FifIA]/s
3.2 SWER

HT ANSYS F2 T T CRDM FIHE TH 4H & 4 4
B HLFZ Bh 1240, BCA SRR, R IR A K

15
Fisf 6] /s
El'8 RPV b3k nt e A

10 15 20 25

FifA]/s

20 25 30 05 30

90.001 s, f/hEHEIEK R 131070 s, Fe k]
H1x107 s, HASR T HER T CRDM 1
RHP 13 Jj 2z iy, 7E45 R h Al $2 L CRDM il RHP
AR A L AR Kl Ty L B VS R SR ey (o



Flel H2 FARIEE 2 RO S LR 5 S I o S T A B TR AT 69 -

ZERIAR 1), LAy il AR L TR . TR BT ER AR T B4 8l S e LB , B MR M
i ] AR AN R S B B Y R S R AT S SR, A BEARL T PR AR TR A AR AR T, AR T A A Y 2K

PR RE U RO R A i, TN BN o A A
R1 WGBS BE MR
o #AN  BA/N AHE/(N-m) L& HK:
CRDM ffif 5% 1.93x10*  1.42x10*  1.93x10* , .
T AT L67x10°  1.34x10° 1.09x10* [1] RCC-M—2012, Design and Construction Rules for
L FE 5 . . . Mechanical Components of Power Nuclear Islands[S].
g 2.42x10°  1.11x10 5.01x10 [2] ASME — 2013, ASME Boiler and Pressure Vessel
Code[S].
[3] ANSYS Inc. ANSYS User's Manual for Revision[K].
3 i Pittsburgh: ANSYS Inc, 2009.
[4] NUREG-0800, Standard Review Plan for the Review of
K] ANSYS #37. CPR1000 #L2H CRDM Fl RHP Safety Analysis Reports for Nuclear Power Plants: LWR

B SRR, Jfiz BT M . 25 B R T R Edition[S].



