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Countermeasure on High Vibration of Branch Pipe with Pressure
Pulsation Transmitted from Main Steam Header
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Vibration has been severly increased at the branch pipe of main steam header since the

commercial operation of nuclear power plant. Intense broad band disturbance flow at the discontinuous

region such as elbow, valve, and header generates the acoustical pulsation which is propagated

through the piping system. The pulsation becomes the source of low frequency vibration at piping

system. If it coincide with natural frequency of the pipe system, excessive vibration is made. High
level vibration due to the pressure pulsation related to high dynamic stress, and ultimately, to failure
probability affects fatally the reliability and confidence of plant piping system. This paper discusses
vibration effect for the branch pipe system due to acoustical pulsations by broad band disturbance
flow at the large main steam header in 700 MW nuclear power plant. The exciting sources and

response of the piping system are investigated by using on-sife measurements and analytical
approaches, It is identified that excessive vibration is caused by acoustical pulsations of 1.3 Hz, 4.4Hz
and 66 Hz transmitted from main steam balance header, which are coincided with fundamental

natural frequencies of the piping structure. The energy absorbing restraints with additional stiffness

and damping factor were installed to reduce excessive vibration.
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Boiler

i

Main Stop
Valve

Steam Turbine

Chest Valve
N

Target pipe system

Balance
Header

MSIV
{a) Main steam pipe system

¥ 2=

(b) Branch pipe system of balance header
Fig.1 Layouts of target pipe system in power
plant

Table 1 Pipe size target branch system

Pipe size 127 107 4’
Do(mm) 323.85 273.05 114.30
Di(mm) 298.45 25451 102.26
£(mm) 12.700 9.271 6.020
2SS EE=rd/A 153 A 83, 20059/ 989
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Table 2 Allowable vibration at branch pipe system

Pipe size 12" 10" 4"
Velocity(cm/s, pk) 35 2.0 2.2
12 -
velocity wave
104 —— &.4Hz wave by band pass filter
s
i i
& 2
ki
8 07
°
> -2}
24
61 V !
g
~10 T T T T T T T T T T T
00 05 1.0 15 20 25 30 35 40 45 50 55 6.0
Time(sec)

(a) X-direction vibration of 12" pipe (P3)

velocity wave
10 4 —— 4.4Hz wave by band pass filter

Velocity(cm/s)

—r—r—T— T T T T T 7
0.0 05 10 15 20 25 30 35 4.0 45 50 55 6.0
Time(sec)

(b) Z-direction vibration of 4" pipe (P7)
Fig. 2 Vibration wave plots at P3 and P7
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(a) Transmitted pressure pulsation waves
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(b) Autospectrum of pressure pulsation

Fig. 3 Broadband pulsation transmitted to branch
pipe system
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(a) Mode shapes of natural vibration
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(b) Natural frequency response plots
Fig.4 Results of impacting test at branch pipe
system
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UNBALANCED :> FREQUENCY :> DYNAMIC FATIGUE
STRESS PROBABILITY

T T T 7

DISCONTINUITY STRE:
AREAS SS

INTENSIFICATION
FACTORS

CUMULATIVE
FATIGUE

COUPLING
'MECHANISMS
Fig. 5 Procedures for  vibrational
diagnosis of piping system

integrally

Table 3 Result of dynamic stress analysis for 4”
branch pipe

4"pipe 1st Dynamic stress Fatigue
vibration | stress (Mpa,o-p) stress
(mm.pp) | (Mpa) | Axial |Principal| Code | (Mpa.o-p)
6.526 4302 | 5334 | 53.36 |39.86 59.55
6.921 4302 | 5659 | 56.60 | 6132 63.17
9.826 4302 | 8032 | 80.34 |60.01 89.66
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displacement wave
=+ 1.3Hz Wave by band pass filter
——4.4Hz Wave by band pass filter

Displacement(mm)
U
—

T T T 7T
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Time(sec)

(a) Displacement wave plot

(b) Result of dynamic stress analysis
Fig. 6 Displacement and dynamic stress of
branch pipe
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(b) Haigh diagram

Fig. 7 Calculated fatigue stress level
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Fig. 8 Countermeasure installed in field
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-~ response before measures
response after measures

10724 4.8Hz 14.8Hz
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(a) Frequency responses at P3

10°
- response before measures
response after measures
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——TT—
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Frequency {(Hz)

(b) Frequency responses at P7
Fig.9 Comparison of natural frequency response
plots through vibration reduction counter-
measure
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(a) Z-direction vibration without countermeasure
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(b) X-direction vibration with countermeasure

Fig. 10 Reduced vibrating level through counter-
measure
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