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ABSTRACT

A comprehensive vibration assessment program for the advanced power reactor 1400(APR1400) re-

actor vessel internals is established in accordance with the united states nuclear regulatory commis-

sion regulatory guide 1.20 revision 3. This paper is related to instruments and measurement locations

based on the vibration and stress response analysis results of the inner barrel assembly top plate in

APR1400. The analysis results of the inner barrel assembly top plate in the reactor show that the

deterministic stress and deformation due to the reactor coolant pump induced pressure pulsations are

larger than the random stress and deformation induced by the flow turbulence. The selection of the

instruments and measurement locations at inner barrel assembly top plate in the reactor is essential

requirements and very important study process for the vibration and stress measurement program in

comprehensive vibration assessment program for APR1400 reactor vessel internals.
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Table 1 Analysis conditions in this study

Number of RCPs 4 pumps
Temperature 291 C
Pressure 156 kgf/cm2
Mass flow rate 5,245 kg/s per pump

Table 2 Deterministic hydraulic loads

Frequency Pressure (kPa)
(Hz) Inlet nozzle IBA top plate
20 1.17 -2.602
40 0.345 0.08032
120 1.38 -0.01176
240 7.38 -0.00474
360 7.72 5.024
480 3.45 -1.126
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Fig. 1 Random hydraulic loads
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Table 3 Natural frequencies and mode types of IBA

top plate
Natural frequency Mode type
Ist 28.47 Hz Plate
2nd 55.68 Hz Plate
3rd 56.35 Hz Plate
4th 88.24 Hz Plate
Sth 93.01 Hz Plate
6th 95.94 Hz Plate
7th 123.59 Hz Complex

(b) 7th mode shape of IBA top plate
Fig. 2 Mode shape of IBA top plate
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response analysis

Fig. 4 Deformation at 20 Hz in deterministic response
analysis
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Fig. 6 Deformation in random response

Table 4 Stress response results of the IBA top plate
[MPa]
Deterministic

20 40 | 120 | 240 | 360
Hz | Hz | Hz | Hz Hz Hz

Random
480 (o) Total

4.59510.093]0.005 {0.024| 3.017 | 0.719 | 1.448 | 5.731

Table 5 Displacement response results of the IBA
top plate [mm]

Deterministic Ran-
20| 40 120 240 360 | 480 | dom | Total
Hz| Hz Hz Hz Hz Hz | (3o)

0.37|6.56e-3 | 8.40e-5|2.50e-4 |2.11e-2/4.80e-3|1.96e-2| 0.370

A53, 201283/477



4% 4 Ak

Fig. 72 ©] A9 IBA A3 1335 At
A3kl A3 APR1400 RVI CVAP QIR
TG IBA AR A9 A5 SRE R
ALstod .

THEEA(AL AD)E TERSE dMAn M 2
WHE Yehd IBA - ziske] MRS gl
a7 9JallA Fo FERo MAGEH, 9=9
RS ERls] fEA 2719 THEEAE 7
7} 90°¢} 180°9] Fobi-oll AdAstqleh

%%’%’ﬁ](SG%SG@c IBA AW{H Hygs 54
sb7] flefl o i PRk Ftel ZHt 2744
o] WEEAS X, yWaoz quqo}oq Zylds EX
I REglde] vt 7FsstE s AASSIT

4, 1 &

Table 49} 5914 &Rk 4= %ol IBA &3t
& B9 sk ET 7714 ksl 9 H ﬂ s
S YUehidEh olEg Ade g¥457] RVI
CVAPY| 4 2 ZAA UGS el 5714

THEElFol Bt FEstEs B o & FEREH

ZA3E vehd 3 sdsitt oA yehtes o
5 UGS U] B2 $-3] 3ol HA frEe]
3% olétz frsel dAEo] Bt Fsksol 2
o}, AlojEHEA ShHIH(CEA guide tube)d -
FZ(flow hole) 502 74 FEslzo] 33
B2 Agyr] gifos dadd F7)4 12eH
oA FHEwEFaErE 20HzY o, P e
A

TEeHol dSHAEY, olv TS Ao
l

r

IBA A= g}\Eﬂ\)ro]EﬂJJr
3433°CE*Y ASME Code Section III, Division 1,

9 AARE

AT8/HBAS TS BB E =R Y

/41224 A5 %, 20129

X-axis

Fig. 7 Measurement locations at IBA top plate(A :
accelerometer, SG : strain gage)
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