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Optimal Design of a Dynamic Absorber for the Large-size Pressure
Vessel of the Petrochemical Plant
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ABSTRACT

In this work., two dynamic absorbers are introduced and designed to r_educe the vibration of the

large-size pressure vessel of a reactor for a petrochemical plant. The vibration modes and harmonic

responses of the vessel are firstly analyzed by the finite element method. On the basis of the

analyzed results, two dynamic absorbers are designed by a simple design theory. Furthermore, an

optimization process is executed and an optimal design of the dynamic absorber is obtained to

improve performance and structural safety of the vessel. As a result, the maximum displacement and
stress of the vessel is decreased about 85 % and 65 % respectively, the design criteria being satisfied.
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Fig.1 (a) Schematic of the pressure vessel (b)
Finite element model
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Table 1 Modal analysis results of the original

model
Mode ¢ d h
1s Zn Srd 4t
number
Natural
frequency 442 11.3 12.0 144
(Hz)
. Upper . .
Rotating Ppel Torsional | Bending
Mode shape expansion
mode mode mode
mode
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(c) Bottom( %)

T T T T
3 4 5 6 7 8 9

Y7 % (membrane stress intensity) &+ 233227}
Z(membrane plus bending stress intensity) 18]
g2 (buckling) & Al 71 d5-& Hristget. 22
AN 4E-2 8 (maximum compressive stress) 0.2 3
Z¥stdnh 7t S8 AAVIEY FHEXE J|FoR
H7rsim, s Ad#H7} 544 o|strt Hojok gt} 7)
£ 299 FEfA A= Table 291 YeRARITH

Table 2 Stress analysis results of the original

model (Unit : MPa)
Category Original model
Maximum SI 4379
Membrane SI Allowable 187.7
Membrane Maximum SI 409.9
plus bending SI Allowable 281.6
Maximum
. compressive 308.3
Buckling stress
Allowable 1273
Note) SI : Stress intensity
f: ] e Qrginal model Uz (top)
E 144
£ 12 4
g 0]
Frequency (Hz) ‘ "
(b) Top( “.)
?: ] — Orginal model Uz {bottom})
E 144
£ 12
g 10

T T T T T y
3 4 5 6 7 8 ¢ 10 11 12 13 14 15

Frequency (Hz)

(d) Bottom( %)

Fig. 3 Displacement of the original model (without dynamic absorber)
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Fig. 4 Positions of the pressure vessel

Table 3 Modal analysis results of the modified model

Mode 1ot ond g1 gt 5th gth
number
Natural
frequency 4.06 4.46 11.8 12.0 135 145
(Hz)
Mode Bending mode_of Bending mode‘of Uppe; Torsional Bending mode. of Bending mode' of
upper dynamic upper dynamic expansion lower dynamic lower dynamic
shape mode
absorber absorber mode absorber absorber
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Table 4 Natural frequency of the original and
modified models

Natural Natural
Mode | frequency of Mode frequency of
number | the original number | the modified
model(Hz) model (Hz)
o e 4.06
1 442 —
2 446
2m 118 34 118
3 120 4" 12.0
5 135
4" 14.4 m
6 145

Table 5 Stress analysis results of the original

and modified models (Unit : MPa)
Membrane |Maximum SI| 4379 191.2
Sl Allowable 187.7
Membrane |Maximum SI| 4909 2105
plus bending SI| Allowable 9816
Maximum
i compressive 308.3 914
Buckling stress
Allowable 1273
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Fig. 6 Displacement of the original and modified models(with dynamic absorber)
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Fig. 7 Displacement of the modified and optimal models

Table 6 Stress analysis results of the modified

and optimal models (Unit : MPa)
Cate Modified | Optimal
gory model model
Membrane Maximum SI 1912 152.8
Sl Allowable 1877
Membrane |Maximum SI| 2105 | 1526
plus bending SI| Allowable 281.6
Maximum
. compressive 014 829
Buckling stress
Allowable 127.3
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