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Abstract

The air cooler radiator is an important auxiliary equipment of standby diesel-generator unit in a
nuclear power plant. It is a seismic category I equipment and must be qualified. Seismic qualifica-
tion was conducted on an air cooler radiator in a nuclear power plant by combining analysis with
test. The mechanical model, materials parameters, load conditions and calculation results for
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seismic analysis were introduced, and structural stress was evaluated according to RCC-M stan-
dard. The design of test sample, test contents and requirements and test results for seismic expe-
riments were introduced. The rationality of calculating model and design of test sample were veri-
fied by analysis of calculating results and seismic test results. Qualification results show that seis-
mic performance of the air cooler radiator satisfies the requirements of relevant standards. Quali-
fication methods have some reference significance for the seismic qualification of large-scale
equipments in a nuclear power plant.
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Figure 1. Structure of the air cooler radiator

1. KSR

DOI: 10.12677/nst.2023.112012 111 MREE SRR


https://doi.org/10.12677/nst.2023.112012
http://creativecommons.org/licenses/by/4.0/

JEEE 5%

2. WEHER

A RA ISR B R S RN e S AR (B F-SC3 4), PUERRNITEK, LSS HE
BE . SAABAR EE W 3 AR NGRS s R P & RO E A A,
SMERSFN: K 5188 mm x B 2600 mm x5 2684 mm, FJFREZ 11,750 kg, EHWE 1 . 4
BB E I H— G KL, — AN EEKEGEA . —AMRIE KBRS H A R . 045 FIHESE FR AR AR
SR . RS HE o 7 B A [ i EAE S 3R o R 40 N7 Aok s 30 5 S it AR o ] o

3. mMESH
3.1. R

KH Solidworks =4 BT FAF[ 815 37 A BURER I T LAY, K L2 S N ANSYS Workbench
HBRTCHHTERAE[9], BATHRILE . R T S 8OE . BN, 55 E EAT SR S 45 5 b B
KH SOLID186 /% SOLID187 SEAARFIGHEAT R A, A FROTEAR XA G 1] 2 Firs o XUHLE HLAL
KA P . HESE R 8 MR SZAT RS R ANAR 5 FE Al P AR AR [ e, W B D A A, AR R 6

AT E
Figure 2. Finite elements model of the air cooler radiator
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Table 1. Materials property parameters
=1L MRERESH

A Tk FAPERE/GPa HELyN = FARVFH R /1/MPa
B 06Cr19Nil0 195 0.3 130
& KR Q355GNH 203 0.3 123
HE 4L Q235B 206 0.3 94
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Table 2. Envelope of floor response spectrum
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KPITA(X Z) T EITI(Y)
B Hz N3 /mes MR /Hz I3 fmes ™
0.2 1.7 0.2 1.1
1.3 12 1.8 11
2.8 44 3.0 28
6.0 46 5.5 28
7.5 26 7.0 22
12 26 12 22
20 12 23 8
50 8.1 50 6.1
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Table 3. Stress limits
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gt #E U INWAE S R 73 FRAE
A%
Pm+Pb 1.5x8
P, 1.2x§
C#%
PerPb 1.8 xS8
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3.5.1. EEME

K H 2= & 4% (Lanczos method)>R15 454 100 Hz LA FIFT A AIE . S5RIT 4 BYEA AR WK 4, XM
HIRASIRT LK 3.
3.5.2. R

I TOU SRR B i Bk AR 21, HoKRME 79.554 MPa; 3 M MR Y 82 7y
Brit AR SO T SRR ) R NE T 45 RS o ir R BN 2, oK {E 111.36 MPas
PIAR 0T SR R 73 AG W 4, IE3 TO0N B8 RN ) AR HEZ rp [A] — AN SAE R THAR AL, =
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Table 4. Natural frequencies

= 4. EAmER

ik [ 4% /Hz P2 3 BRFAE
1 19.832 REIA1(Z ) PR3h
2 28.867 PhIaI(X ) PRS)
3 39.347 SRt H i)
4 48.676 TE[(Y [)HREN

A: Modal

Total Deformation 1
Type: Total Deformation
Frequency: 19.832 Hz
Unit: mm

0.42062 Max
0.37389
0.32715
0.28042
0.23368
0.18694
0.14021
0.093472
0.046736

0 Min

A: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 28.867 Hz
Unit: mm

0.4411 Max
0.39208
0.34307
0.29406
0.24505
0.19604
0.14703
0.098021
0.049011

0 Min

A: Modal

Total Deformation 3
Type: Total Deformation
Frequency: 39.347 Hz
Unit: mm

0.7161 Max
0.63653
0.55697
04774
0.39783
0.31827
0.2387
0.15913
0.079567

0 Min
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A: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 48.676 Hz
Unit: mm

0.8152 Max
0.72462
0.63404
0.54347
045289
0.36231
0.27173
0.18116
0.090578

0 Min

Figure 3. Modal modes
3. RESHRE

B: Static Structural
Maximum Principal Stress

Type: Maximum Principal Stress (Average Across Bodies)
Unit: MPa
Time: 1
Max: 79.544
Min: -14.105

79.544
55.362
E 3519
] 22.84
16.65

D: Design Assessment
Maximum Principal Stress
Type: Maximum Principal Stress (Average Across Bodies)
Unit: MPa
Max: 111.36
Min: -0.066574

111.36
89.656
71.931
54.206
36.481
22.552
8.6232
8.6232
64508
42783
2.1059
-0.066574

1 $ X
z
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3.6. RJ1iEE

IEH TN 45 R F N 728 79.554 MPa, /N TR J1RAE 94 MPa (A ZhEN)); I Lo F 450
BTN FH 111.36 MPa, /N TR /) FRAE 112 MPa (C Z0#EN) . B, To5H N IR RI AT i g . 45
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Figure 5. Seismic test array picture
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JaiR ) AT RS, I SRR I AR AT X b, SRR XA U SR RE SO A W AL .
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Table 5. Natural frequencies by test
F# 5. MR BRmE

b= PRy A H #=451% /Hz
(X M) 9.8
MAI~MA4 BEIRI(Z [70) 18.2
TEM(Y ) 23.2

2) W A AR e
5 X OBE AR A 1 X SSE 1465 75 2 i) M ARIEAR L% 6 (B B AR o 1 /NI s or B AR FE T HE SR T
FERHD -

Table 6. Strain peak value
Fzo. NTIEE

AP % IS ARV A /e
OBE 281
MS1
SSE 536
OBE 222
MS2
SSE 520

5. RS RBERME S

5.1. EBHmEILL

o 4 P05 5, FENLIZA 1) R ] Fr) [ 45 A0 26 B S B A1, 68 v [ AR A0 AR /1N, B ARG B R
A R 5 A N 1) R T ) D [ R T SRR, R A ) B A R PR R AR D, X S SEBRIB LA, B
WA EA R, RN 18.2 Hz, i1HEE N 19.832 Hz, W& +2W4& .

5.2. Gt HIREE

A 6 MAFHIRNARE, e LARls v g )5 o DA RIS RN B . R % B F R T (SSE #fE) %
1, MST I (2 F SEAEARER) IR /174 110.42 MPa, S5 RIK45 R 111.36 MPa (hr T30 AE T #E) ©AR
e . PRI A R SEAR TR R ) LR J1 oK, B e HE T, AEMLAZAE IO R B g R b5
T TR B 3 B E,  3gh 158 B A S0 ATL AR 52 P 7 5 gy B J5 5 o 5 4 B K
5.3. EfIRAIxTEE

I R AR, RIS FEATL(— ZH 4 AR R PR [ AT A0 2R L iR 5 R (S A B AR, S R T T
SERIR, UEBHIRIGFENLEHL S T 00 N B2 8 LR S M o 21, IR, B RE ML s il & e 45
BT S RS I PURE S e ER, RN R A B . S — T, TSR [ ) A AR
RIS REAL I Sl 28 JE b isczaln,  B0AIE T TS A A R p v A 1
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i RCC-M HVEREAT N A PRSE, JOE 1 RO AEMBRR I S5 A S8 B s LUK, b R B A s (I — 4L e FARE
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TEDR, FEHRR BT 1 T RENS CRAF 45 M Se BEE I AT e 2t . ASCRAINPUR S THEx L)
KA Ve S I PURR BT A PUR % VP — € S H M E.

Sk

[1] e N RLATE 55 Ak 2 @ 3, ER 1SS AR. GB50267-2019 %L HuE @it brE[S]. Jbxni:
Bl TRt A, 2019.

[2] HFEZ %4 /. HAD102/02-2019 #3) /1] i it S % €(S]. dbnt: EXRZZ4R, 2019.

B3] HEXMHEEERSR, P EEZEEEZ RS, GB/T13625-2018 #ZH) ZaJ /R &APUE L ES]. 1t
ul i EARE L RRAL, 2018,

[4] ASME (2017) Qualification of Active Mechanical Equipment Used in Nuclear Power Plants: ASME QME-1-2017.
New York, ASME.

[51 IEEE Power Engineering Society (2004) IEEE Recommended Practice for Seismic Qualification of Class 1E Equip-
ment for Nuclear Power Generating Stations: IEEE Std 344-2004. New York, The Institute of Electrical and Electronics
Engineers.

[6] XU7KE, PVAFE. A%k FIHL B & H0RE M B iR 2 e 25 T 1) )], bR AR TAEHREN, 1999, 19(3): 68-73.
[71 HEZKEEWHEE. NB/T20040-2011 A% ) Z AR BB A PUE LS 2R MN[S]. Jbat: JHFaeH AL, 2011.

[8] Mt Solidworks FERHZLFE[M]. Abat: MU Tk AL, 2016.

[9] kA, 4% ANSYS Workbench 17.0 ZUE R, TARSTHIAEHTM]. db5T: HUBR Tt ARAE, 2018.

[10] AFCEN (2007) Design and Construction Rules for Mechanical Components of PWR Nuclear Islands: RCC-M-2007.
Paris, AFCEN.

DOI: 10.12677/nst.2023.112012 118 MR A


https://doi.org/10.12677/nst.2023.112012

	核电厂风冷散热器抗震分析与试验研究
	摘  要
	关键词
	Seismic Analysis and Test for Air Cooler Radiator in a Nuclear Power Plant
	Abstract
	Keywords
	1. 引言
	2. 设备描述
	3. 抗震分析
	3.1. 力学模型
	3.2. 材料参数
	3.3. 载荷条件
	3.4. 应力限值
	3.5. 计算结果
	3.5.1. 固有频率
	3.5.2. 结构应力

	3.6. 应力评定

	4. 抗震试验
	4.1. 试验样机设计
	4.2. 试验内容与要求
	4.3. 试验结果

	5. 计算与试验结果对比分析
	5.1. 固有频率对比
	5.2. 结构应力对比
	5.3. 结构模型对比

	6. 结论
	参考文献

