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Elucidation of mechanism of self-excited Pressure Vibration using an Automatic
Pressure-Reducing Valve and fatigue failure of pipeline and establishment of

preventive measures
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In this study, a waveform of a self-excited pressure vibration that occurs
in low-pressure pipeline systems was analyzed using a pressure-reducing valve. This analysis was
conducted on the basis of field measurement data that was obtained for the condition in which the
pressure-reducing valve is placed in the middle of the pipeline. On obtaining the intrinsic
oscillation period from the transfer matrix and the oscillation period of the field measurement
waveform from the spectral analysis, it was clarified that the theoretical period of the intrinsic
oscillation of the pipeline approximates the shortest oscillation period based on the measurement
data and provides an indication of the periodicity of the pipeline. In addition, the efficacy of the

installation of the surge tank and air stick for controlling the pressure oscillation was
theoretically and experimentally demonstrated. Based on these results, it was proposed that the
occurrence of the self-excited pressure vibration.



¢y

@

®



€y

1
2
200— . . . 200— . .
I 7JdiwL167 4 ] | AR — :
-m ] HWL167.4m F=2F, 1
150 FJ -— : 150 P — -— FJ :
H, . i far ] 7
10 WL139.0d] Hio WL139.01]
= . Hyy - —~ Hy |Hy B
3 B 250mm 1 g i
=) B = ]
_ﬁg 100 = EE316ms N ﬁ- ;‘Eﬁ/ 100 N N 4
B | WEF AR w | IS ESH
: :0.8 F 410.8
50+ Vi V20 :0 4 7 50: V1o ., Va0 Jo4
L — — g L — ]
I 5 I 1
i 104 = i V. T ]
oLt 1 L 4-0.8 ol ) ) ]
0 1000 2000 0 1000 2000
FEEE(m) E#Em)
1 2:
t=0 L/c t= L/c 2L/c
120— T T T T T T 20— T T
L AT (F 5 L) ] — KETFFE (EH RS ]
———-- EWE it TR === BEF LT BEF Tt B
80r —— mERT® . P ]
I ] I A ]
] 200+ '!i / i ;n'! '_II !.1. Ao :i ) ) Ji i
_ ot ] R
E ] z T ; .
i i g uN ol | |
o L i = ! i
% 0 1 2 160 ! ! i
R | E ] |
H ] L : \ ]
740- . -
r ] 120+ ]
—80r i m ]
i b= ]
~120} 1 & ]
-72 * 8(} | T TN SN SN TN SN S TN SN [N TN S TN TN SR TR S SN S |
(') L 2'0 L 4'0 1 6IO 0 50 100 150 200
BER(s) FFIGs)
3: 4:

3 1/2

i (m/s)

-0.4
-0.8

FE#m/s)



@

®

T01=16.9s

*

0.042MPa

30s
15s
15s

@E
+
H
dA/dH<0
T02=15.3s
FTT
15.8
2
0.02MPa
0.21MPa

15s

T01=16.9s

HFHIGs)
60 40 20

180 T T T T
73 TR

160 .
Wi ERG :,- ;ﬁE#T\‘J.ﬁ{ﬁU B G

A

avAv

SORpRMEF IR (R TR 7

80
601
FIKE
% 0.01 002 0.03
HE(m'/s)
5:

TO TO

TO1 TO2

T02=15.3s

syikE (m3f' 5)



0.2 . . T T 0.24 — LB —
£l ] . 1KE
s 0.16r 8 022F s _zp— o,

T ol ] 0} ~ ° BRE
S 0.12r Primary pressure g -
= I 0.091MPa on pressure-reducing valve 1 0.18} pe——— F—FA 1
£ .
£ 0.08r T
< L 0.161 * T
0.04f £ o014 !
L b= T
ok i 012} 1
[ Second g & i TR 1
-0.04 0.030M on prrg}rlggﬁzriig valve 10.16 g ot !
- b e 0.081 e 7
+ 158s 10.12 § e
i ] 2 0.06f 1
o
: Upstream of :0'08 E 0-04r ]
L 0.042 MPat congtant flow valve Q2 10,04 0.021 h l . 1
L - > Aé) OD 5I 1‘0 1‘5 2‘0 23 36 3‘5 4‘0 4‘5 50
0 10 20 30 40 5
. EH(s)
Period (s)
6 7
®)
8.7
15 17s 2.5
®)
T0
T01=16.9s T02=15.3s
15s
1 2
1 2
1 2
2 1



2

Akiyoshi K., Suzuki Y., Ito H. and Inagaki H. (2018): Self-excited Pressure Vibration in the
Low-Pressure Pipeline Using an Automatic Pressure-reducing Valve (I1)-Prediction of Occurrence of
Self-excited Pressure Vibration Based on a Period of Water Pressure Oscillation in a Closed Conduit-
Journal of Rainwater Catchment Systems, Peer-reviewed,23(2), pp.1-10.

Akiyoshi K., Suzuki Y., Ito H. and Inagaki H. (2017): Self-excited Pressure Vibration in the
Low-Pressure Pipeline Using an Automatic Pressure-reducing Valve (1)-Growth mechanism of
self-excited vibrations in the case of installing a pressure-reducing valve at the middle of the pipeline-
Journal of Rainwater Catchment Systems, Peer-reviewed,23(1), pp.1-10.

2
Prediction of occurrence of self-excited pressure vibration based on a period of
water pressure oscillation in a closed conduit 25 2017
24
2016
0
o 0
o 0

¢y
@



