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Vibration Effect for Branch Pipe System due to Main Steam Header Pulsation
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ABSTRACT

Vibration has been severly increased at the branch pipe of main steam header since the commercial operation of
a nuclear power plant. Intense broad band disturbance flow at the discontinuous region such as elbow, valve or
heather 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 700MW nuclear power plant. The exciting sources and response of the piping
system are investigated by using on-site measurements and analytical approaches. It is identified that excessive
vibration is caused by acoustical pulsations of 1.3Hz, 44Hz and 6.6Hz transferred from main steam header, which
are coincided with fundamental natural frequencies of the piping structure. The energy absorbing restraints with
additional stiffness were installed to reduce excessive vibration.

.M 2

HBe TAFC] AR Teol oz Ako] A
Hog Zoly EA7} gle Aoz 7}:\45}E AL 2o
U S50 oz £7 g2 Beg Yot WAk
AAelE BASE doE 8N B St 2ung, 34
F dehte 1 za%za%% URE BAH RAFLEY
o elsto] g, 8ol
FAUS § AA B zg w5 -qia:
SANA - wolHes A
24 AF4E AVE & Ak B AFe] AFL vl
A 8AE 2AHE S80S VAAA Szihes do
Ud szE §7] 8 W 84, 42 5 $94E
T N

3, 7B
2o

=

+ 8H AgA7Y

E-mail : ywkim@keprirekr
Tal : ((42) 866546, Fax : (042) 8565544

oo BH AP

H SN H2& dod 7Fs4e] gaeH 77 ol
Ao} B AL FUMBAAN B AFLS O
B AFmageld. F357] #@As FH/7IZNEY
gy o3t ZAAFE ol fA/S Y Fdig
254 elf‘a S didold, W, o Folr dR/A
] vepdo. 53], wi@Ae] 723

bRl o S%3E Fure UAE
o vehle AP widA Al XEH] &4
72§ ok mide fARRdd Qdle daE 9F
g A Y AR, £ Wy, I8 FdAM FA
gog gl vjgg N5A Foh wigAdN BYshs
JuE GF7, 24 75, Avldold, 9F, A4, 43 A,
7 @4 59 AR 5952 oY A5y ¥y A
sec) wiBAE kg ol w4 27 wig Fo2
HlzZY3 U2 FA4HY dx WENIA A2l ¢
dx 4o faoFsle 3y 548 7MAE B4R BF

o gsiel $F FaEo] FEY A7t Bk

A dr Lo

:10 d
m&
™

1 ot

O

- 780 -



P2 BEHLE f5ol digte] sl dgolojA wjsAel
A F39 & guida E4L wj@ ol &4 g5
FHste Fajorsivt Aga HWEsdl A W@ zdS
AYPeg /MRS AAIZAC Wl “organ pipe”3Hol&
9] "half-wave resonance” % “quarter-wave resonance”
£ ooz FHFHLSE FHY £ don BUEH
AlzElg Bale 9T 4 ok iR vieYay A8
b %9 Foked dXBA € A Fag ud@ =2),
5, 4uds B4 ue) sulelA 100871l SEE
& e Rz 4A Qo B =§e dxgeHs
27) MBAY F27) dui(Ee PA2 o)A 25
© WBAZA dAL 715 Al g F£5719] bloju AL
22 ARHY AN 2AME F71R50 sle v
oA HAE 1F WY 49 7 2L A g )
BAF AHEHE Jied AAFHoz A B2 wdAs
AFy AF EAS Jegin E3), 354 ¥8 F
o v VIEYINA I FFo] EAHH]CE & Wi
A9 1 AFEY AHE 3l AT, A5y ¥

T4ASS AY, fBeLeY 52 Aga
2. 57| sici 27| @Al HoloR

Fig. 1(a)& X (boiler)lM E¥l(turbine)dl] ol2&=
AL F27) wWiBA@26¢, t=0.7671)9 HAAHY Yololx
ot} 45.lbar, 257.6C, AE 09989 F=7] L4& 5026
m/soli 5L 3B2m/sEA FF7] vjddMes 2H5E
TR 48, HE 2 F3Z7) oA dFRF 2 oF
9] QS A 4 Sl 4279 F57] dtle Fig. 1(a)
AMAE 4/le] BdeldA TAE e 1eke FFt
Zzt FY 02 £4 FY95 gy FEeAM g7
2719 gd £3F7) widE B39 HYleg F5|8 35
3te FEoIM srie] W Eo] 4 Bl 4A|H
o Aok £7] WAL Fig. 1(b) ¥ ¥ 13 o] 4279
F27] & H(balance header)ollA 12nuigo s Er)En
10mg 278 2ll(Fig. 1(b)9) pb ¥ p6 #AF) 2 F7
49 B(Fig. 1b)9) p7EF)e2 A BA8E 722AM W
A AEL Agaielth £33V &y 2] wjgAs 4
P&l F Az wide] ANz FEde &
Zdo} wHEEd o FZo] ZuHE e S 2
# AAH o2 AFHAFo] Yehdn 53] HFAgge] 9l
= AAB B (main stop valve) ¥ 4 @A FFo] Fg
Al EAHJG. TR vRAdE W s 2o
T FoE Hugol AFE fEdle RAeE FHYE ¢+ A
Aot i 7] W@ 53 JkE A 5718 BevlE
SEATIE A8E ske vigegs F27) drd A
o o] HE o] E F¢ AU BA A E F
ek

Tordine

Steam

Cheat Valva
~N

Balance
Header

F708l0 2716 A
Fig. 1. &84 FE7[uiEA 2 did 27(ejatA el aolop2

E L OE7(e A sjae 74

g ze 37| 12" 10" 4
Do (inch) 12.75" 10.75" 4.50"
Di (inch) 1.75" 10.02" 4.026"
W (F7H) 0.5" 0.365" 0.237"

2.1 uj @ ZS S EX|

1% WS E HEe] A 3P4 F4€
ol oAst F3HE sjAste] wiwe] 24y
Foz ZAdrt 23 A% A A5 JFEE 7
o2 Bt 2] AFSHEAe 1.27 cm/spkE 3
£3ht ol 273 A9 ASME OM Part 39 #3538 %
ol ojste] PSR 2}Z2)E T3 Hrhghch

E2 737 8 27 sjaAe B HEA

t 23 2] (inch) 12" 10" 4"
SHESZ(emfs, pk)| 35 2.0 2.2

g 7] wigAe] Fae g &g 4 W
E 29 7] Fig. Hb) pIAHH Zo] AFdFol U

= %
F€ 10 cm/spkelt AR @By AXE 12 e

- 781 -



€ 35 cny/spkoln 4ol WY ZHE 22 am/spkE
bl

22 27l viaAe n Nz A

was APeEReE: 1 A% @4do) ) o
&g Bl dig B si#@Ae distd A5E 2R3
ASME OM Part 3614 AAsle H439 AF53EA
127cm/spk 2 A HE(FE22RZ)0 diste] 12134
o] AFAF(PI) AHNAM 1M HEX 35 cm/spkell o
&l 25uE zFsIGoH 4" EBA JFEE A
€ 34X 22cm/spkE 4 ol 3Pk 1 AF ¥
el F HEL Fig. 2a), MM 44Hzel 93 AeE

L
ofN

i
N fr

-

\ed
A
oo

259t 31247 AN Uehd F3F H4RES
Fig. 2014 A== 2AAY 44Hz ARE0] FEs= A
2 9 4 Qo

12 -
—— wvelocity wave
10 4 — 4.4Hz wave by band pass filter

Velocity(cm/s)
A ¢ [=JN N}

-84 |

-1e T T T T T — T T
00 05 10 15 20 25 30 35 40 45 59 5% &0

Time(sec)

(@) 12 vf & Xe& AF

velocity wave
10 1 —— 4.4Hz wave by band pass filter

L

Velocity{cm/s)
©

-10 T Y T T T T T T Y T
00 05 1.0 15 2.0 25 30 35 40 45 50 55 60
Time(sec)

(b) 4° %8 7¢g S

Fig. 2. 37| ¥7] vlgAe] AFdEs s 343
3. 57| sl 71 uizAlel 1 MESH 7Y

31 £57| sozEEe WSy sS4
MBATL A LAY URAY HF0| WREBF
&2 ARFTE 5L HLAA 24D AFGe] B
24 A5 BE FALe] ¥ WAL FIUMBAE
AFthe $% FRFHGE NS B 25 94
AR #7] wEAe dolokst naE &% B9 54
gu Ay Sof WAe FALL Fo 4% 2a% 44

ol
ofl

I dgE o F B0 F57) dddN T 2 3
oy duiRel] st Gaks Wol FEE7) 4k uhelA
£7) H@Ad 9FE FT AE5HY 54 ARG
£7) Wl #@A X9 uiseielel] EMIME dxjste] o
592 23890k Fig. 32 3u] £7) vjgAe #E o)
th FQ AEL 1.3Hz, 44Hz, 66Hz 59 WEHS0] Fig.
3(a)9} 2ol siFANA Velts Fig. 204X iAol
3 AFL gANZIen F AEYE 1.3Hz9} 44HHE )
2 7ok

* Pulsation frequencies transfered fram main steam header
13Hz i -—, 4.4Hz: —— BBHz @

Dynamic Pulsation(*10~ psi)

Time(sec)

@) ded ¥ YEE

= (=]

04

0.3

1.3Hz

0z 4 14Kz

Dynamic Pulsation(*10 *psi, rms)

00 — T T T T T T
1

Frequency{Hz)

(b} Y5

AHEY
Fig. 3. £7] w2o] M2rel Fujof Hf AEx

dim
0x

2 @A Fig. 10)FZ)= F57] ddy &£7] vige
24 AAZol7} 75~85m2] “open—close’ AAZALE 2t
F224 “quarter-wave resonance” 9 EA(A (1) EX)
4 Yehligien nd#dA Fdd olae 4y F3F7]
HFig. H@FAF)E E7ude] oF 2uld] ZHolzA 2z}
“open-open”AAZA-E& 714 half-wave reso -nance’=

B @F2)E Uerp beld 2t el 83 39

Za4EL o]8F 07 13Hz, 44Hz SolM dX=Ee A
e UYeigith &, 320189 £% IHFSE0] b
F4 Bdd FARE sy FEEY &) WdEd &
& gudar) 2k g9 WEAEEe] £71 wjis »
B3 Rog BAEHC

j=din—le o )

- 782 -



4

f=gF o -@)

A7, n& RF, o= &5, LS w7 HA dolE 9y

Ak

32 Hj2e] IRIEST MY Y mesliy

GHAHAE & uje#e ALHZAAM FF0] gl
zAolol #%5o] Y 4 gle Fol Fig. 3a)lA
B wEetEe] HulRET 00lpsioflEA g Held
o} 2= ET73 Fig. 29 #o] niFo] AL
dolo A FA 7HsAS FABIGTh M & 489 d
WAlE 13Hz AR 2A widA AA9 F 5 JrRoz
MEed Fig. 29 44Hz9) AEEAT dAsle A
WeyL A9 A% AFAN et 22 #4
BALE AR AYdPgel Mzt 5 9% 1F
5 AEL el 32X 2 A%S d5% 5 UAA

o oye o M

(@) wiaAe 2 IFAE RE

180 J ohaae(P3. E-dic impacting) 180 PhaaelP7, Z-dir impacting)

Phase(deg)

00 25 50 75 100 125 150 175 200 03 25 50 75 100 125 158 175 200
FRF(P3, X-dir impacting) 7 TFRE(PT. 2-dir. impacting)

- 19.1H4 "
s 48R 14842 10” 48Hs
1.7Hz 6 6Hz
12.9Hz
1074 10 10.6Hz
o0 )

—— Ay 10” U —
00 25 50 7.5 100 125 150 175 200 00 25 50 75 100 125 150 17.5 200
Frequency (Hz)

Magnitude| A(ed | (rv's® /N)
- .

Frequency (Hz)

b) 2RUSF
2

Fig. 4. 2] wh A o

Fig. 4@@)& 2934 Zdn 7% 8 A5 2otk
FAS ZEE Fig. 39 #WE5Y F95 13Hz % 4
9 dxEe RE2A AFSH Ade dA=He 54%
Ueligith Fig. 4b)e 15245 = Nold ¥ AFER
Aol el £ XA dig uAHESHEelIth 1279
Troll A AR} X3 p3A1H-2 4.8Hz, 4"8j@ 2 p7A

e 469 TS Pol ANFAG YA ©
No4Wl REd| 3jgdle HFL Fig. 49 p39l 14 =
FAESE BAHIAT

4. 271 ui@Ae NESUY sAHYE R i

4.1 B uj3A nxs ¢4y oHUE m-

wAL Y FEvMEAe 22 19 Y /5
o] 4oz AFn &% HEAEo| FEHT of WE ¥
o7} wjeAe] g4 AHQ §o, £7] W@, @
AR HWAAY Tolr B o= uwAE AT
gtk Fig. 55 wldA =49 JF A4S Hriske gut
Q) Azleld), HEd= wjHe AFA dtu Wi $9
AZRd $48L ZgNZoRA H2 Feo] 990 2
& ok wjgAe TRATRES S AFHIL Ao
Hgsle AFn 1AF FA AL @AY A4
< Asdn $HATHoIAL mZ2vHog wWaAs &
A= F8 9Qlo] "t

ZOY U/ $ s :> AED :D £29 :> R TS
= 1A Yy 31 Jtsd Ba

R YSH

L

4
:
;_——_
.;_

Eo& AN S8BT 2% 0z &3

Fig. 5. w2l 23 A¥Y ¥it BH

42 8o wjEAe) Mg AWY

AFAgko] X3 wiFFoN HAHE AFY nIF
o] MYE Fig. 6(aT 2ol A SAsie WHBA A &
28S wain widAY A2 HYrkE F9 wgA
AARES A 2P o AFAAS 128y F
ZAFR A 77mmppo) L 4" Y] £ WA 63
mmpp JTh 22N 2 $58 Y AR Fg 60
2o 2eo A% ¥ 49 2¥E Jehidlth

HY S2Ee 49T PCV YBE dn AARA
WAk Aog EAET K 38 49HAA g R
Fuo] mel PCV B dr Tx9 589 ¥ H2
gg 45 Fajoloh

ok 588 42

E 34" 27 wofAe HEHeo
°]

alE 5] povaEel [POV 259 ESelpspk|RE8d
(mm, pp) |1At S&{(psi) Zolwa |F S| code | (psipk)
6.526 6,239 7,737 7739 ) 5781 | 8637
6.921 6,239 8207 8209 | 6132 | 9,162
9826 6,233 1640 | 11,652 | 8,703 | 13004

- 783 -



J ~——digplacement wave

Displacement(mm)

- 1.3Hz Wave by band pass filter
--------- 4.4Hz Wave by band pass filter

Timel{sec)

(@) 12 i 2ol B9f o

T T T T T T T T T 1
0.0 05 1.0 15 2.6 25 3.0 35 40 45 S50 55 6.0

(b) o

[ER=Tai

Fig. 6. F57| 8t £7] HH*U%I-I

A gt
X

|

[}

o

11500 — Curve ftting

Alternating stress o, (psi)
g
g

—o— Vibrauon displ. to Dynamc Stress

)

¥
9 10

Displacement (mm,p-p)}

@) & Holot

3
g

Alternating stress o, (psi,o—p)

—— 1.7-10% cycle line
—— 2.5+10" cycle line
- = 1.25910" cycle lina

Y T
0 10000 20000

Mean Stress(psi)

T
30000

(o) 4 mel W22
Fig. 7. 4 el Msado] 0E Hzgd 34

4riigoA AZE Ao

2

s

. :
40000 50000

£ 628 mm,ppEA

AR FEUE 2gahd 7448 psipkd] 99 #Hde 4
Fom 13 28] A8e Goodmany e AH&shA 25x10°
Apolg HE4dg AU 1.3Hz L 44Hz9] Fgo 93
Ho Asdlo] 7 59 Fx wAtT 14 3509 H

T A8y MY H24ne way 1249 . g2
AR @A FALE wF vgs Gapely Eo)d
olido] AAEA stont wi#e H27p IS glof
A Algfe] Podt Aoz HrEAY AU 53 94HE
B PCV WlHel 78 44Hz9] H5 o] HHe] giEzo
2 duEo] Wy &4 59 /AR e Reg FAY
F o

43 1 s X2t iy

(1) 38 2c 3u iy

oA zec A5UYe S¢FEd
Aol dig AR ol 7AAY $HE
SAlo] 7lgo] Wasdlth

& g
Ao Hhe

L

Changed
2000kipe/in
to 3000Kipe/in

(a) STl oh

5 S .
G M\ L

571 v 271 waAdN vehd n3F %
" sho} wj@A e VARG E4e FEAGL

HEom adg &84 Alage dExkad og £
T Az At 2 adAe] JF A 879
FTHe WA F e A} fle=g AXNFAY W
e RRegA 7AHY TAAE BEE A%
Ho] Hzol wetolth q7)X $4dHez md AL

42 o o I 32 ok off

- 784 -



o

% Hz, 44Hz, 66Hz 5 TH¥d AFs HEEF
E°] N 7 A=F ANFAE AANE
tAth Fig. 8(a)3k Zo] S+4Fez wiaA A
13Hzo| W P22 A o] GBHeS
A4Hz 33L& 3H3ke o FAHE FAL TR

i t}g
% n &
xR

In

ok ut o Jo ol
ol oL
r

_,_.
Rl
S

F ZEE WASES st Fig 8O)E 248Y 2 )
24 DFE ARES B4R 954 BAO A

WEAR(Wire Energy Absorbing Rope)® Z2UWE F8
Aol A3

(2) 3% D= HH A}

F27] Fdy £ vigdled 2AE 31F FAd
3 Fadidoz FARS9] U S JLsa af
E4ARS Fys Fig 95 didde Sgs4
46Hz E= 48Hz AEo] tIE AtAAL 8Hzol ¥
F5EA4LE MY RE B9 U

oo 2

~~~~~~ response before measures
~~— response after measures

Magnitude | A(w)} (m/s® /N)

———— T
0 2z 4 & 8 10 12 14 16 18 20
Frequency {Hz)

(@) BxgeEs MAE 12w ze) S

------ response before measwes
response after measures

Magnitude | A(w)§ {m/s® /N)

107

o 12 3 45 6 7 8 8 1011121318
Frequency (Hz)
b) B2 FHME S 4w HAe S

Fip. 0. A5 HZUH B - %o DRUES SEYS ¥/D

wetA] g didt Az ddd 6.3mm,ppolA
HAZ 0.13mmpp °lE AZ=EHE A Fg 103D)E
Aty Yo B3sin AEYe]l H 44Hze) WEw)
548 A3 ujdy A JegeEAN AFse RE
Fig. 10(b)ye BoF}

~——- displacement wave
a4 1.3Hz Wave by band pass filter
~~~~~~~~ 4 4Hz Wave by band pass filter

Displacement(mm)

—— T —T— T
00 05 1.0 15 2.0 25 30 35 4.0 45 50 55 6.0
Time(sec)

(@) HMM 4uf 2 Zeetel FE

displacemant wave
0.10 4 - 1.3Hz Wave by band pass filter
~—— 4.4Hz Wave by band pass filter

Displacement(mm)

-0.08

r———T T T T T T
60 05 1.0 15 20 25 30 35 40 45 50 %5 60
Time(sec)

(o) & 4'uf 2 Xehate] XE
Fig. 10. 25 Moy M - Fof AZH vl

5.8 8

2 =82 37 ddd 929 &) wige] S+

FAFEE dNFLEAM Yeid T JFEA9
TR el B Aolck HAHL F57] WA = F
0y Fog §4E e F8d s SFHHD 3%
BEoE BAANG. mepd, FF7] &Y Alagd 42
g 271 vigAe o9 % Uy 9%e Igten
E71Ee) 71Ad 2RAF BEg g0 Ho2A uid
A J259E 233te 1 AFo] TAIYD. & AT
& gAY FEAs 2 Alngllo] gog n{fAFTRE
W7 dAE Agste] AT A wiste 1/400)
Z Ak 2Ads F57) vi@AAAN &F 39T
g 7AY n/AT BE A SAEAE SV E
Al g4 & A dd AEFH agle] B

o~
F 23

2z d

(1) Yeon-whan, kim, 1997, "Dynamic Characteristics
Study on Vibration of Main Steam Piping for a Power
plant”, Asia-Pacific Vibration Conference '97, pp687-692

(2) AgETY, 199, “DH2BAEAFAT HFTH
A7

- 785 -



