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Analysis and Treatment of Quality Bit Anomaly of Reactor
Coolant Flow Rate

Liu Danhui, Xu Tao, Zhu Jialiang, He Zhengxi, Qin Yue, Li Zhuoyue, Shi Yadong

Science and Technology on Reactor System Design Technology Laboratory, Nuclear Power Institute of China, Chengdu, 610213, China

Abstract: Aiming at the phenomenon of over-range triggered quality bit anomaly of all three
loop flowmeters during single pump operation in the commissioning of Hainan 1&2 units, the
measurement method of loop flow rate and the measured data of flow signal in cold shutdown state
are analyzed and studied based on the measurement principle of reactor coolant flow signal,
shutdown protection logic and quality bit setting principle. This paper points out that the physical
range of flow signal currently designed cannot envelope the relative flow rate value under various
conditions. According to the analysis, it is necessary to adjust the measurement range of the flow
meter so that the corresponding process flow range after converting the output 4~20 mA current is
adjusted from 0~120%FP (FP is full power) to 0~129%FP (the loop flow signal shows X%FP,
indicating that the current flow is X% of the relative flow rate during full power operation), and the
current output of the flowmeters during the normal full power operation should be calibrated to
13.615 mA.

Key words: Loop flow rate, Bend flowmeter, Quality bit anomaly

0 3l

RVHEVRHIFRIREGE (RCP) JEHKHERZ L
AREIRMIE LA rhls, R JIFRANAL R /N ELR S e
HFRGERRRE ), IR TR el sk
HERR TSR, IR . SRR P RSt i
D, 258 AL A AR P i g B e B A

YRS EHE: 2023-07-05; fEEHEA: 2024-01-17

il

LEAR 5 AR BN HE R 2242

R B TR 1, 2 S AL B HE Ve 2050 &
GiAAT 2 ZRIREK, HEARINERULE 3 AN TS
IV AR R AR, AR
ERBE, a9 ERE, Wit
TR, AR R TS SR AP A S0 HE 5 £

EEEN: X+ (1991—) , &, BiEEA:, MEEAFE RN EIIR TAE, E-mail: danh_liu@163.com


https://doi.org/10.13832/j.jnpe.2024.03.0263
mailto:danh_liu@163.com

264

¥ 1 TR

Vol.45 No.3 2024

PR

RS AE T3 M BB HE AR5 A B DA
HET e vo S BT %, DMRIER
RO T BRI AT, IR 24,

1 —ERRENEREXLLZEINGE
1.1 URHE

MR BV 1, 2 SHL41M RCP R4 —
WIS RIS RCP025/026/027MD, 3R %
W5 RCP040/041/042MD, 41 25 4%
BENIEE 3 ABUED, TR Eam, M
LRMIFLIE S 150, FEE LB AMUIBE 1 N
K,
12 TEREITNEFEE

L N AR RS A e A, BE R
FrpuO O, WEEK, RN, Rz, W
Mo, Y AR S, AR
AR T, S R — EAR AN A R 22,
2 SRAS SRR RS — 2R,

AL S R E MR AT FR A,

0=k
0

K, 00 RCP REMIEHE; & A SLE IR
Pt N R R CEEG p R
BHIRIBE ;. AP NSEPRIEZ,

ALV IE R B T, PRSI B AR T AR FE
A, W p fEEEATE, (1) ATEE.

(1)

— PRV TN A

0=KVAP
X, K EE

X (2) AJAL, PR O 55 E NAMI
FE25 AP WP R OC R, RIVAT3d o W 25
B IMINE 2205 5 R RAE IR I A5 5 1Ak
1.3 MEREHEXNREINEE

WIS B TEENRYES, RN
{1 25 (RPR) FIZHALIRIT RS (DAS)
& 5k N HE R SEMES S . 7E RPR R4
o, MR 3 NIRRT 2 N RERT
88.8%FP (FP TR ) Bl (A SRS 2R
S X%FP, 27N 1 & A A X D s 1 T R
B X%) , R EARESEHFIRERES .
IR 2 R TOUR, filk K afsdEf5 5.

(1) 76 P7 (10%FPF-&5 ) LU b, fE—3F 3%
HELRHIFI AR

(2) AEfTTIFAKET 2 ZIR s R H 3 4
FIF A,

HAARZ IR E 1 iR,

RPR 45 H A HIRIMIR I = AR 42 4R 1Y)
ARAEELI A -

(1) M 3NmaEirEwe, 28N
ST, 3 ANREI PR E 2 MR ERT
88.8%FP i fih K iR KR 5

(2) Y 3AFEITA 1AMk R R w
a8 “ Tl —", R4 2 AN a T
— T RART 88.8%FP Hfih & 1R RIS 5 -

(2)

[RCP025MD] [RCP026MD| [RCP027MD]

IR R
| [R

[RCP040MD]| [RCP041MD CP042MD|

Im@ﬁl [ | Iﬁ§ﬁl

Iﬁ@ﬁl (R | Iﬁﬁﬁl

SR B S

B 1 RPR HERE i 2 D AR 4]
Fig. 1 Functional Diagram of Loop Flow Logic in RPR



XUPFE5  SBHEVS R R T (o S AT S A B 265

(3) Y 3MFEIHA 2 Ak ik i
SEE, fFEEEEEMENERS, Y
B2 AN B LA s S A5 5 I L il R R
RES .

1.4 RELOZEERN

Jo VI T A DR A TR S AL T R
RE, R ERIET AR Y R
SEREAE T R PR BEE (TSR, i
S EES.

ARSI SR A R PR e AT R AT
IS 1 AR S 4~20 mA 2B E S
MEES 0 T AR 0~120%FP X5, RPR &4
SRS HHRRE S, RENTHE
IV 1834 5 4l XY%FP i 5 5 AT R AR AN
IR, R A YA ME— R LA 5 X R
RRP REH w55 By T R (S
SR ARAES% B FBR w2, RISy T BR X
RO A 3.2 mA, Ji a7 [ FR OGN A9 LR R
20.8 mA, I 0 3 G R AR R AUE N T
3.2 mA IHE KT 20.8 mA, i R(E SRR

SRR

2 MERERESRMLAZWED T
21 RENK

VR E VTR 1 S HLALAE 105 KeE, A
AEF 15 A AL ER AR AR A T 2R
FEZIEFEZ 1 5FE, BAERRET, H2
5 ERBITH, WA R (55 BB
110%FP 247, fHbi 1 5 3 H15iE, KR E
FEGR B TE, O B3 A5 5 (Rl b e R
FR 120%FP (XN HLEE N 20 mA ) , 455 HE
JESEE] RPR R4 3 AR08 18 1Y T &7 25 5 4
SRR N &, [ 3 T8 b s 7 3 g ik
RIS, LA IR ] Rl
KA DR SRS

PET—IR s f50is £, — IR
P T HE U E (1 88.8%FP, “—= I " (i &
A E . IR o I T (R ot
NSRS R, 23 MREiE 2 Ak b
RN SEE, fFEEHE AR RS,
M fih % P7 (10%FP T3R5 ) DUF 2 IR
R ERF A2, mAERSEmS, FEEH

Wik s T T, PR MR A R 2 v A
IO A 22 VAT 5 NS U R N e 1
R REPRRRAIL

22 REXREEESH

2R 2SR SR A SR R R R T R
T A SRR S IR R, B T
155 T 75 A7 W R s Al o, 431 )
IS4 5 PR AR oA /25 Ao i & B e o S, AT 558
PP ZI W H Y, R TR, T
T AT IE RS RS, I ok 2 A
BE, BURTASR il B S H, SR R
{E AR B AN Tz E T80,

P T2 i T I 1 ) B A S A P M
22, W i ER R 5 (DCS) T
g A SR O B AR i, AR R
HEFE 0~120%FP X 1 25 48 Py M He 22 Y [ 0~
120 kPa, Xyt b4 oA 4~20 mA,

P X i A AR E . FEIE R 18T ER
AT, KEFEBITR, BB T
(L IR, I FLIREE Sy 4 mA, XN
5o 0%FP; Y4 & 3 AR R O KB TR,
IS QI R A WO € N S S
15.112 mA, XRS50 100%FP, [Hitt, 78
IEH BT, DCS H s B sl A5 Sl ad L
TFAKIHA

O =

A, Qus W DCSH B RMMEHFESHE; I N
DCS RERM T, BPmEitmtmn. X (3)
FAER DCS B R (E 2 YT 8 NAMIE 2 S
IEH BT DI5GB 1T S48 Py /M e 22 19
FHXHE R AR, WAL PRA AN (e . Y
SN HEVR F R B AR, PR Ik f 0 (AT LA
R S I 5 0 D) 2R A T I e AR X

FERGTAIAE, R TREHRE TR,
RGEE 1210 1.5 MPa, {REEZ)H 60°C, IERT
7 HE VR EIFR0 2 KT H ) IE R As A TS ) s o 3
Hixw g, MRy (1) Al E4XREEA
ASEBLT, B I THIAS Y A P AMI e 254
KFIEHBITHHR S = A 2 E2ZEMHE, H
i DCS il =t (3) THE 08 30 52 A X (R s
TR X I e X 3

e

x 120%FP (3)



266 ¥ g o TR

Vol.45 No.3 2024

PERIC RGO PR T e, 15
HERET, MPIH BRI, PIARHIFIR
PR R IITE 110%FP 245, FEBE—5 354
iz, TR LT, RUER A
FIEZ 117%FP, T il &5 5 090k,
It T S A P E e R R 120%FP
X R 90 12 31 HE R 20 mA ), R AT
20.8 mA ( 123%FP ) BV fish &8 L BIR o e 37 S
755

IR UL, AR, PRI
BRI LS, EURRDG I A
i 4 R 22 70 il 0~120 kPa R AL 28 8 P HER S TR
TR WNIMIE2EME, ik Tie(E S i LR

B Al
JT o

3 MBRAR
31 PEREESRENM LR

M TR Y 2 S 2 i, AR R 3
e fE T B PR (E H A R G Tl
VMRS BB A T it a4 S A R I
AL AR o b FRAE LAY BT,

AR AEHERAS T ARG S5 IR, MiGHEYE
T A 5 50 110%FP, X0 3t i -
MHLE N 17.444 mA, =X (2) AT4.

Ky~ \15.112/17.444 X Ky ~ 0.931K . (4)
K, K, AR IEHRET 55885 WA 0w
B Kpw MIEF BT TOUT 5EE A X
o VAFHERRAT FFE S R R s T R 5 I 8
T, VAFHEIRAS T T (55 L BRI A L
P KZE 2246 mA,

T ETTARHL 1, 2 S AILZH vl i 20 i 0k o
5T T B GR 22 AR LS, EGRRT Y 5
K, SR E TR RS, ERETT . fu
PRI R e, IR St i F s A8 A,
19 2 & T HE % 1 F B 0 RO X ) 2.96~
30 mA, 16 H E FE A I e T A2
BIEHRRE T EENAMUR E2ZE, ATHTZT
oL N === W |11 2 Tt g TR R kA
TE 20.8~22.46 mA X [H] I, XA & TR,
B TSR EES R A_FRRE 20.8 mA,
Bl & ST B A R T o X PR
WEAE T A BRESE TR

[ o7 b PR e U (55 B X FL T +5% HE
R THUE, A 23.4mA,

Ui T R LIRS 5 4 DCS & R
A CAL) REEFHACEF BENT %
BB AR, R W 7E DCS g,
MORAEBUE IE AR A L BRI Z I, b o
WALEE RS YRERUEE ARO[ FRAE
VISR, ot B o 5 5 (55

R BT 1. 2 54141 DCS FA %
FETEIERRE, 0~21.2 mA 5 Bl P A4 H D (E L5
BEAL M XTI ) DCS - & 57, IR,
JEE N B B SR HRAE, HLE DCS BSR4
R IHE R — KA. #7752, DCS FH{LAEIEM
KA 0~21.2 mA MRS, #id 21.2 mA 115
5, WErE AR FRRA RN RS (B
A E A FRRE ) .

W, #8 AE 5 T a A b BRAE T B R
234 mA, DCS ¥ AEEIEHIRE 21.2~23.4 mA i
BN A E S i LR A
ol 212 mA, XA B S SR S5
Bk, PINGZOT RAAFESIG, Toik R 2R T
BT TR S IR
32 AEREESUWEETE

MRS R a4 e BRAR R4 5
254 22.46 mA, HE (3) B CHAXTIE R 2
17 T T W T R aE T i i A HE, 2R
129%FP ., K Uit 18 {75 5 B AH X 3t £ (L PR 0 480N
0~129%FP, i X 1 1) I &2 11 FL 3 4 HH o 4~
20 mA, BEET 100%FP X A A9 i 52 1 F g i 3 Lz
J13.615 mA, HIEIERESITHIET, YWEE
RIERHEATH, R REdE, T
HIERE R 13.615 mA, BEAT X FIE #8173 bE
FRABSEARR T, DCS Hh R ii S S
(3) A8d Rk (5) PR

N

Qi = x 129%FP (5)

WA TR 00 W T B i S R A 44 0 2%
TE 4~20 mA W, T /& DCS RAEEHE R, R
WAL AE w7 R FR{E (3.2 mA, 20.8 mA )

ZIl, Ak B A E T

4 & %

=A

ARSCEF X RS BTIAZHL 1 2 AL T A ER



XUPFE5  SBHEVS R R T (o S AT S A B 267

BRI TR Rl R SN HE LA S P R
AU S B | 2 R o 38 A A T4
Br, RET L.

(1) RN HEREFIR A SRR AT
PR ERIE AT A H BB A 5 B R SR A
WA TIREE W 3818 1 7 I PR I et A AR X
ARSI, ST b TR SRR, HHF
PR U B T TR Rz 1425 A PR M e 25 AR R
2z, R EHRIRA TR HIF%E KT IER s
ISR TR AR B, Br LALES DCS Hrl 45
SN AD 5 5 KT R AR B L PR B

(2) XA T AT, R
o 4 3 M5 S i B BR A O 50 B R
DCS SRAEH A MR R, A i s
it 21.2 mA B, A B SR R

@S HBEREFTSYHEERR 0~
129%FP, I 7E 8 I DR 1F 8 1 D) 8 17 I Y

TR T PR E £ 13.615 mA, AT IR
fF5 Bm AR A& W [ 8, % R REE 2 AR [R T
BT AR T A I, TR A R ) R X ] Sy
4~20 mA, ¥4 DCS KRB, "IENR
o7 M V2 000 A 56 I {5 o {05 i e ) A Y £
C T

Sk

[1] 2R Pk, 25 i A P O i R 22 56 RIS [T, P 4¢3
T R4, 1994, 10(1): 47-53.

R RYE, RIESR, ARG, 5 HEn 5EEEE
56 28 S e R LIS (7] Bt S F5E, 2003,
1:1-2.

BIREEIC, AR, W WAL L ul 2 5 HLZH — [l % Ui i
i 22 40 M B AR (D). RS o TR, 2004, 25(4):
373-376

(DAL & %)



	0 引　言
	1 一回路流量测量及相关安全功能
	1.1 仪表布置
	1.2 弯管流量计测量原理
	1.3 环路流量相关的安全功能
	1.4 质量位设置原则

	2 环路流量低信号误触发故障分析
	2.1 异常现象
	2.2 异常发生原因分析

	3 解决方案
	3.1 调整流量信号质量位上限
	3.2 调整流量信号物理量程

	4 结　论
	参考文献

