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Calculation of Drop Course of Control Rod Assembly in PWR

ZHOU Xiao-jia, MAO Fei, MIN Peng, LIN Shao-xuan
(Shanghai Nuclear Engineering Research & Design Institute, Shanghai 200233, China)

Abstract: The validation of control rod drop performance is an important part of safety
analysis of nuclear power plant. Development of computer code for calculating control
rod drop course will be useful for validating and improving the design of control rod
drive line. Based on structural features of the drive line, the driving force on moving
assembly was analyzed and decomposed, the transient value of each component of the
driving force was calculated by choosing either theoretical method or numerical method,
and the simulation code for calculating rod cluster control assembly (RCCA) drop course
by time step increase was achieved. The analysis results of control rod assembly drop
course calculated by theoretical model and numerical method were validated by
comparing with RCCA drop test data of Qinshan Phase [I 600 MW PWR. It is shown
that the developed RCCA drop course calculation code is suitable for RCCA in PWR and
can correctly simulate the drop course and the stress of RCCA.
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Fig. 1 Structure drawing of drive line and

subsection of hydro-resistance

2 BRFIE

2.1 E\HIEHFE
TERABES P KGR 52 iR  #e XD 3R

B E ARSI R A

_ Wecos 0 — Fycos 0 — Fyg — Fon

A
Wi

(@Y



1586

BT REREHA  HATH

KW B s A F T 8 . kg 0 1 ) 25 4 il
BHA L Fo IR N Fus PR EE 16 77
N; Fo HAKBE I & 77N,

T R IS S N SR T A I 2
R EF L R AE IS Sh AL T ) SE Ak
B IR DA IR T2 S o o A R

Wi =W +x) (2)
K e MEERT.
2.2 HIWEEEA

D) ZhEUEE )

TESR S 2Pk RE IR I 5 42 b 3 il 4 1 50 AT
A5 Fe /N BE 482 00 W AHL o A8 AR SCrp R i 22 30K Bl 3L
FEE T 45 N,

I AR H A 2 it 47 X 0 50l e AR 2
1 2 A 75 i Sl B0 45 00 36 I 2 20 6 5 4K 4 K
BN TR 1 I B A S HE A S AE SSE b g2 T4
T BB Y 115 N, A& SCE 6 R A
NSNS AN

2) (i BEE ]

PLAS BUEE 152 1 5 A B & B) A7 A X I 56
Fo SLFE AR R Bl A A B R A A
B . AN LS A ) 3 R 2 e A A X
5 B A B 1 O 2 AR B 5 | R A RS
SEIE:Z /S WEDRA N

Dey = Ds -+ cos 2t

Srra

K Doy B FS 5 mm; Ds NSO &
mm;z P& I AL 5 frra A H PR AR R He;
Dso M P M » mm.,

S PN RGP - 1) i I S Ay ] E A5 A L 2
M FE Al IR 2l 5 T 9 S 1) T O B SR A A L DR
AR HE P A 300 B st iy 1oz AR B B
o] fe] sl S AL A% &

12 SR RS B IS L AR S 1 BT il 4 0
JIT A 0T v A 5 R 45 T A oF I 5 2 i 3k 47 v

* Ds() (3)

SRIBURL S B T JEE 4577
B - WS EE A AR A X (O BEAT 5
FISF = FFT + FF()M (4)

K Fer A3 BUEEE J) N Frow A7 # BUEE
J1,N,
2.3 KBRS

B B AT v b R b 32 B A BEL ) AR A
Hp WAL [ 20 2 - 1D KPR 3l i B2 8%

L A R M R R R 7 5 2) R M AE A A ik S
G Bl R A B R AR Sk AR
JE2ER0 77 53) 9K 3l 48 3 18 A7 76 5 48 4k L B n it
R EBICAR B ) LAE 1E 1153 25

R A A% SO 3t A BEL 7 19 ) 43« 7 4R 4
V] A A %) 0K Bl A L 45 o A 2 4R A BE T B
2R EE A5 T 5 T A ) A A AR TH AR AR K
FEGFEHAT S R 2B ). sAh TE Y
12 &8 b g B ISR B

1) BRI 3 18 BE 1 5 52 FHL )

FCRDM(lNS) \F(()RE%EEFEE1JLIEﬁ*EﬁE
YR 7 PO 38 38 P9 R A % T T A2 Rk P
P T A Y G P EE R BE ) iR 1R
B R EE R 1 R AR B B ) 1 AR
Hh A R Y G 2 e AR R A AR .
AR

Fu, = Am,fDLF L )

S A I B AL BT B ' s /O T
RIS B MG p 0 B K e
o B B AL 5 R BRI e s
L BT K JE s Dy 24 B 2%,

T L 0 M 5 HLBE FE R B4R R
U RS

f=2b R (6)
e
f': ClRefo.Zs (%?}zﬁ) (7)

o ’ C

C./Cpo = Jo. 01514 Cllo
A .CoHEREFENZRRILATSE:CoN
PP 45 18 19 25 It JL AT 2 40, 78 /K 7706 i X 88k
Ci=0.316 4;C,.Cy, %3 5 4 A BB 45 38 1[5 JE
(ERENOIENWINCE Y /@

Cy/ Cio IAAE W] AR $f 45 38 1 L AT TR R AR~
HOCHRL 7 e RIEAERY . FIRsh & R SF E ], G/
Co¥IBUE N 1.5, X&) C/Co=1.073, R
— B IR Bl £ P F 14 BE TR B A I Bl R A AR
Wb F 7K g 6 W X, B Co =0. 316 4, K i
C.=0.339 5, 4k K T BEEE R BN

. 0.339 5
f - Reo,ZS

%L ’ﬁ[z] 2 ?ﬁ%%;f{ F(‘RDM<]~3> ;Fn FC()RFO
SRAFE Fero I+ 0] AR 38 197 25 42 3 13 3 T
FRLL 1) T4 5K fifk iz gl 2817 08 A58 149 AR X

—0.012 +0. 85" (8)

9



SO B RS ROK IR S Lk vk R T AR T O

1587

VLT T Feone » H1 T $ 48 305 36 47 76 42
(@31 ol 1155 o T N3 57 ) B e s S S N 1

WA M P v
iz B 5 7% HIF _
TR | W hntt o Re=pvilj
it VA Re
[ semiesmorn |) [ aen,

i SR A VR (8] 3) o PRI 0 S SR i I 3 Vo
Vo IRk aR

L pv?
Fring:AreafD_E Ty

BETH RGP R )

Al V=3 e
PR EEE RS
Fir
f=64/Re f=C,Re™0%

WP &
Ecrom
Feore

lg] 2 Pj(‘RDM /I:(‘(lRE ﬁ % ?}ﬁ *Eté T% g

Fig. 2 Flow chart of Fegpw/Feore calculation
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Fig. 4 Brief flow chart of RCCA drop course assessment code
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Table 1 Theoretical RCCA drop course calculating result of Qinshan Phase I NPP Project
‘ Behitrde/ @R/ IR, BRI/
I5F[A] /s ) Feore/N Ferpm /N Foume/N Fsp1/N Fprac/N
(mes 1) (me+s?) N

0. 000 0. 00 0. 00 5. 84 193. 28 69. 75 0. 00 0. 00 0. 76 0. 86
0. 100 0.03 0.61 5. 36 171. 32 107. 53 53.61 0.13 3.23 3.28
0. 200 0.12 1.13 4. 69 119. 58 152. 65 158. 79 0. 89 6. 77 6. 37
0. 300 0.25 1. 56 3.94 68. 95 195. 95 274.94 2.44 10. 62 9.35
0. 400 0.43 1. 90 3.09 58. 19 225. 20 382. 56 4. 98 14. 26 11.74
0.591 0. 84 2.34 1. 63 79.13 253.16 546. 32 11. 87 19. 87 14. 19
0. 691 1.08 2.49 1.12 71.35 274.05 607. 40 16. 14 21.93 14. 37
0.791 1. 33 2.58 0.72 66. 28 294.19 650. 43 20. 40 23. 30 13. 87
0. 891 1. 59 2. 64 0. 47 55.48 311. 30 679.51 24.54 24. 24 12. 89
0.991 1. 86 2. 66 0. 25 53. 17 325. 66 698.53 28.41 24.52 11.59
1.091 2.13 2.67 0.14 52.59 337.00 702.09 32.05 24.65 10. 09
1. 191 2.39 2.68 0.11 54.01 346. 82 694. 71 35.52 24.70 8.51
1. 291 2. 66 2.68 0. 06 58. 10 355. 49 687. 06 38. 94 24.72 6. 85
1. 391 2.93 2.67 —0.09 80. 77 363. 05 678.75 42.19 24. 68 5.13
1. 409 4 2.98 2.67 —0.24
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