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Abstract

In order to solve the problem of pipe support fracture caused by high vibration in the main elec-
tric feed water pump system of CPR1000 Nuclear Power Plant, the transient changes of pressure
wave in the intermediate pipe under a series of extreme operating conditions were studied, and
the vibration frequency and vibration displacement of the corresponding position of the interme-
diate pipe were calculated by time history analysis method. According to the numerical calculation
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results of the general one-dimensional pipe network hydraulic software and one-dimensional
pipe network structure stress software, the method of optimizing the intermediate pipe support is
proposed, which can alleviate the vibration effect of the intermediate pipe and reduce the tran-
sient stress, to avoid the fracture phenomenon of the pipe or pipe support.
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Figure 1. Schematic diagram of micro-element
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Figure 2. Hydraulic model scope
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Figure 3. Model 1 schematic
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Figure 4. Model 2 schematic
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Figure 5. Water hammer force curve of No. 2 Pump
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Figure 6. Water hammer force curve of No. 3 Pump
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Figure 7. Water hammer force curve of No. 1 Pump
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Figure 8. Water hammer force curve of No. 3 Pump
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Figure 9. Water hammer force curve of No. 1 Pump
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Figure 10. Water hammer force curve of No. 2 Pump
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Table 1. Pipe mode
= 1. BERS

A 1 A 2

B4 JE 31 S JE 3] kS
1 0.366 2.731 0.683 1.465
2 0.277 3.610 0.342 2.923
3 0.147 6.783 0.270 3.698
4 0.125 8.019 0.147 6.804
5 0.110 9.075 0.121 8.246
6 0.082 12.261 0.105 9.568
7 0.075 13.414 0.078 12.756
8 0.046 21.928 0.073 13.715
9 0.041 24.587 0.045 22.334
10 0.035 28.939 0.039 25.590
11 0.030 32.925 0.035 28.942
12 0.029 34.695 0.030 32.929

5.1. EENOOHER
EIE— IR S RN NS Yl R . R IR SR IR 2, EIEEhES
M =R O B K ALV TN AR A 3.

Table 2. Primary and secondary stress analysis result

F2 — ZRBNDHER

S SUNNVARE THH8 )] KPa VFH B /7 KPa N At izt
210 47,800.6 117,900.3 40.5% —
— KR
210 50,710.9 117,900.3 43.0% -
210 97,454.4 259,707 37.5% —
TR
210 110,312.3 253,940.4 43.4% i

Table 3. Cut out condition stress analysis result

3. PPN TRENZS R D hEER

LY SO NVVARE=Y THE /] KPa VIR /7 KPa Ialid [z
210 7398.4 135,585 5.5% —
254
210 15,849.0 135,585 11.7% -
210 8780.1 135,585 6.5% —
35K
210 13,968.2 135,585 10.3% -
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B LB CEE ALS 19 s 3R A% 4 B
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Table 4. A15 node load under various working condition

T4 BLTHRAZE A HEHM

T FXN FYN FZN MX Nm MY Nm MZ Nm Y
Fas 478 10 13 0 0 0 —
25% 2946 92 82 0 0 0 —
PIFI T80
35 1789 55 50 0 0 0 —
1 5% 164 51 46 0 0 0 —
FHLTH 255 22 0 0 0 0 0 —
3EE 1805 56 50 0 0 0 —
1 5% 3 0 0 0 0 0 —
P 2HE 3 0 0 0 0 0 —
35E 2 0 0 0 0 0 —

5.3. BB ZR(A15 ZH)uFB
B LI ALS 5 SR IZE 5 R,

Table 5. Displacement of A15 node in working condition

Fs5. BIAZR AL TRl

T DX mm DY mm DZ mm RX deg RY deg RZ deg i)
—0.000 -0.501 —3.896 -0.0196 0.0098 0.0023 -
-4.829 -10.306 —10.601 0.0170 0.0855 —0.0476 -
0.255 -9.311 -9.289 0.0048 0.0435 -0.0138 -
1.361 -9.311 -8.989 0.0502 0.0331 —0.0073 i
0.0258 0.0054 0.9212 0.0049 0.0024 0.0049 -
255
5.8100 0.0054 2.0559 0.0113 0.0550 0.0328 i
TF T
0.0473 0.0061 1.6865 0.0058 0.0025 0.0027 -
35E
5.0221 0.0061 2.2026 0.0101 0.0474 0.0280 -
0.0472 0.0055 1.5226 0.0052 0.0023 0.0025 —
1 5%
4.5174 0.0055 1.9843 0.0091 0.0426 0.0252 -
N 0.0001 0.0000 0.0022 0.0000 0.0000 0.0000 —
fEHLT O 25K
0.0528 0.0000 0.0173 0.0001 0.0005 0.0003 -
0.0474 0.0063 1.6928 0.0058 0.0025 0.0027 —
3FH
4.6321 0.0063 2.1217 0.0095 0.0437 0.0258 -
0.0001 0.0000 0.0026 0.0000 0.0000 0.0000 —
1 5%
0.0091 0.0000 0.0037 0.0000 0.0001 0.0001 -
0.0001 0.0000 0.0032 0.0000 0.0000 0.0000 —
LT 258
0.0077 0.0000 0.0038 0.0000 0.0001 0.0000 -
0.0001 0.0000 0.0022 0.0000 0.0000 0.0000 —
3GHR
0.0072 0.0000 0.0031 0.0000 0.0001 0.0000 -
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Figure 13. The original A15 support produce an angle during operation
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Figure 14. The A15 support produce an angle during operation after transformation
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