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A Simulation of Forcing Function for the Piping Vibration
in Petrochemical Plants
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Abstract

For the simulation of piping vibrations in petrochemical plants, forcing functions mainly
depend upon the equipment working mechanism and vibration resources in the piping
systems. In general, harmonic function is used to simulate rotary equipment. Mechanical
driving frequencies, wave functions, and response spectrum are used to simulate reciprocating
compressors, surge vibration of long transfer piping, and seismic/wind vibration, respectively.
In this study, the general suggestions for forcing functions were reviewed and proposed the
forcing function to simulate the spray injection system inside the pipe in which two different
fluids are distributed uniformly. To confirm the results, the scheme was applied for a real
piping system. The vibration mode of the real system was consistent with the 4th mode
{26.725 Hz) obtained by simulation using the forcing function presented in this study.
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Line A-3” Line A-3”

[E-763 | 2 »| D-762
(Hydrogenation Effluent Cooler) (Hydrogenation High
Design Pre. : 95.5 kg/cm’g Pressure Flash Drum)

Design Pre.:95.5 kg/cm’g
Design Temp. : 160 °C

besign Temp. : 160 °C

Line B -~ 3”

R -760
(Hydrogenation Reactor)
Design Pre. : 95.5 kg/em’g
Design Temp. : 160 °C

Fig. 1 Block diagram of piping system
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Fig. 2 Configuration of piping system
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Fig. 3 Detail of spray injection nozzle

Fx = (dP) (Ax)
= 87 (kgf)
Fz = (dp) (Az)
= 104 (kgf)
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Table 1 Measurement values of piping vibration in field

Node || Dispi. (p-p : 10° mm) Unity Normalization
No- ll x | v | 2 X Y z
60 25| 5 17| 0060 | 0.045 | 0.023
80 45 10 192 § 0.107 0.091 0.256
90 210 o] 510} 0500 | 0.000 | 0.680
100 420 | 110 | 750 | 1.000 | 1.000 | 1.000
110 320 | 40 0] 0762 | 0364 | 0.000
120 160 | 65 0| 0381 | 0591 | 0.000
130 175 | 1 0| 0417 | 0100 | 0.000
146 | 150 | 33| 500 { 0357 | 0300 | 0.667
150 70| 9| 150} 0167 | 0.082 | 0.200
gutHoz wW@AAe LHFHSF P

g &g NYrt FdFe=z HA L83}
€ I F35 H9Y (Cut-off frequency)®] A
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Table 2 Natural frequency of CAESAR Il calculation
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1 9.817 61.685 0.102 "ol
2 16.101 101.164 0.062 -
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3 23.103 145.160 0.043 8 AX
4 26725 167.919 0.037 BAY
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The 1st Mode Displacement
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Fig. 4 Comparison of the 1% mode (9.817 Hz)
displacement with CAESAR II calculation and field
measurement data using normalization

Al <Fig. 459 Zo], Al 1 2 B=9] AiE
e 53] z & 4@ AFE vReo AA

Fig. 5 Comparison of the 2™ mode (16.101 Hz)
displacement with CAESAR II calculation and field
measurement data using normalization

A2 a3 2 AAARE Y E <Fig 5>

A1 A B AP §A8H, A
A%t FAF WFol Al 1 A =9 w3
2 202 Yenia U

The 3rd Mode Displacement

Z-Disp!.

(4

AX
C s y‘ Y-Dispt.

100
(I N

X-Displ.

Fig. 6 Comparison of the 3 mode (23.103 Hz)
displacement with CAESAR II calculation and field
measurement data using normalization
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A 4z BEo HudA o]l Holm o

The 4th Mode Displacement

Z-Displ.

X~Displ.

Fig. 7 Comparison of the 4™ mode (26.725 Hz)
displacement with CAESAR 1I calculation and field
measurement data using normalization

The 5th Mode Displacement

2-Displ.

ZAY

Fig. 8 Comparison of the 5" mode (34.353 Hz)
displacement with CAESAR II calculation and field
measurement data using normalization
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<Appendix> - Examples of Pipe Supports
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Fig. 9 Drawing for Vertical Pipe Support (Resting
Pipe Support)

y = =
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Fig. 10 Drawing for Vertical and Guide Pipe Support
(Hold Down Pipe Support) '
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Az:z 5 9o dlduy oE A 3 e 2wl
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Bf: i, A2s85 3 FHE3FY Aol

C:0.067T 22 Htf 0.12

c: FAY &5

Cs: vl#el 3349 (0.6-0.7)

d: wiad WA
D: Hi# 97

Di: AR WFA S

dp: ¢gel W3

E: Hi@Ass] @A

F: @9 dold #A&3e 43T

F(t): AZtel] @& 7Hag e a7]

Fc:3% Add & /A 4dd=1, F74=2)

ff: 42 71 AFF

ffy: 7H AFF

I : occupancy importance factor (1 ~ 1.5)

K: 38 &% AF (184 :2)

k: #A9 A3 S9AF

L: J#5 Atol9 Ag

Mn:n# R=9 dustd A3

Nc F e ddd &7 AdHy F

Y

Q: -‘H’ﬂ'zl‘

RPM: Fd 4A £x

S: 83 AF (1~1.5)

Sa,:n A R A¥MEH 7hE X (spectral
acceleration value)

T: HEARY FA

t: AlZk

V: 3%

vi: 3 B3 AAsF

wW: FZ2EY JAA AF

Wn:n 2 B2 1 Z JAFF
x:LineBY & wa

(Yn)max :n X} REo] Aubstd HAdigh
Z: AARY S g AT
z:LineA S & %%

w: 7FA 2 AFF

p: A9 Tx

®n:n A 22 (mode shape)?] ¥ &
0.19 : Strouhal No. .
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