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In the paper analytical and numerical results of equivalent stresses in the
closure of pressure vessel which is a main unit of a natural gas filter are
compared. The closure unit consist of a circular plate, housings welded to
a cylindrical shell of the vessel and blocking keys in the form of segment
rings. The leakproof is achieved by a rubber gasket between the housing
and circular plate.

The results for the gas filter made by Stalbud-Tarnow at nominal pa-
rametes Dn = 1400mm; py = 5.5MPa; tg = 50°C and hydraulic test
pressure pp = 9.9MPa are presented.
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1. Introduction

The present study aims at comparison between the results of analytical
and numerical (FEM) computations of the stress state under the conditions
of local stress concentration in a pressure vessel.

The results of numerical and analytical computations presented in the pa-
per demonstrate a good agreement outside the notch region. This means that
analytical computations can be used in the case when the stress concentration
factor in the notch region is assumed at the level of 1.30. The formulas given
in [6] can be very useful at the initial stage of designing of this type of closure.
When using the FEM, the results can be verified and made more precise, ta-
king into account the possibility of local allowable plasticization of material
during hydraulic tests.

When considering the structural strength of the vessel, the application of
different methods to determination of the allowable stresses in the notch region
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in comparison with the areas without a concentration (e.g., in the cylindrical
part of constant-thickness vessel) should be emphasized.

The natural gas filter manufactured by Stalbud-Tarnéw of the following
parameters: vessel diameter Dn = 1400 mmn, nominal pressure pg = 5.5 MPa,
nominal temperature ty3 = 50°C, and hydraulic test pressure pp, = 9.9 MPa
has been used in numerical computations.

2. Description of the design

The closure of a pressure vessel working as a natural gas filter consists
of the following three important components (see Fig.la): cover plate (1),
closure body in the form of a appropriately shaped ring connected with the
cylindrical part of the vessel (2), and locking ring consisting of four segments
used as keys (3) which should be analysed. Fig.1b shows how the keys (shaped
as four half-rings) are mounted in the vessel body. After installing the cover
plate, the keys are locked radially in a groove in the vessel body by means
of a special locking mechanism. The tightness of this closure is ensured by a
rubber seal between the body and the bottom surface of the cover plate.

Under internal pressure, the structure designed in this way is subjected to
axially-symmetrical deformation involving four stress components: oy, o,, o,
Trz, defined in the 7, z,8 cylindrical co-ordinate system, where 2z is collinear
with the vessel axis of symimetry, r is the radial direction, and 6 is the
circumferential direction.

According to the Huber-Misses theory (Koztowski, 1968; [5]), the equiva-
lent stress determining the limit of elastic strain for steel structures (failure
criterion) can be written as

oy = [0t + 02+ 0} — 0,0, — 090, — 0rog + 372, < Re (2.1)

where R, is the yield point of the material.

For the purposes of numerical computations it has been assumed that
R, = 290 MPa (material: 18G2A), strain hardening modulus for steel is
E; = 20000 MPa (according to Laczek, 1998), Young modulus and Poisson
ratio for steel are F; = 2-10° MPa, and v = 0.3.

In the selected cross-sections of the considered structure some stress com-
ponents given above can be neglected owing to their low values. This is helpful
in the analytical method of computation. For example, in the ¢ylindrical shell
of the vessel, o, and 7., are neglected since they are small in comparison
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Fig. 1. Design of the gas filter closure; D — diameter of rubber seal, D,,, — inside
diameter of cylindrical vessel, g — thickness of cylindrical vessel, D,,, D, — inside
and outside diameters of closure body, D, — diameter of cover plate,
hp — thickness of cover plate, Dyp, D, — inside and outside diameters of locking
ring, D)y, D2m — major diameters of the locking ring support, A — thickness of the
locking ring
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with oy and o,. Similarly, o, and 7., can be neglected in a circular, axially-
symmetrical plate (Timoszenko and Wpinowski-Krieger, 1959).

It should be noted that the closure body has small-radius notches, and
local stress concentrations appear in these regiouns; as well as in the areas
where the locking ring contacts the closure body and supports the cover plate.
If, during the hydraulic test, the local strain region is small and covers small
area around the notch (up to 5% of the cross-sectional area), the material will
be locally hardened, and during the second hydraulic test the structure will
experience elastic deformation only. As a result, the maximum strain in the
notch region during the hydraulic test should be limited so as not to exceed
more than several times the elastic strain, e.g.

€< 3gs = 3% (2.2)
These conditions can be verified only by numerical methods, the Finite Ele-
ment Method (FEM) being the most useful. In this study, the ANSYS pro-
gram [4] (version 5.0) was used to solve the example with Dn = 1400 mm,
and pp = 9.9 MPa, for a material demonstrating linear and isotropic stress-
hardening.
The following conclusions were drawn from the hydraulic tests at
pr, = 9.9 MPa:

e The weakest parts of the structure (revealing the lowest strength) are
the upper area of the groove in the closure body, and the cover plate
edge.

e The structure will withstand the hydraulic test provided that
R, > 290 MPa.

e If the condition R, = 290 MPa is fulfilled, the structure will experience
limited plastic strain presented in Eq (2.2).

2.1. Allowable stresses in nominal conditions (pg,to)

The stress concentration in the notch has a local nature, therefore the allo-
wable stresses should be computed taking into account that the yield point can
be slightly exceeded in the hydraulic test. In accordance with Eq (2.2), the al-
lowable stresses in the notch region, for the nominal pressure and temperature,
can be calculated as
290 2-104

ky, = (1+35) = o (1+ 3m) = 209.4 MPa (2.3)
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where z is the safety factor (determined by technical inspection regulations).
Similarly, according to [7], the allowable stress in the notch is assumed at
a more liberal level in the sense of strength
Re to
ki = —=1.5b = 241.6 MPa (2.4)

and the local allowable contact pressure is

Pallow = Lle to

If we denote the length of the complete cross-section of the structure in the
notch region by Ip, and the distance measured along the cross-section, starting
from the notch, by z, then the strength criterion in this cross-section can be
written as (for the nominal pressure and temperature)

og < ki for z €< 0;0.05lp >
(2.5)
og <k for z €< 0.05lp;lp >
where
k= Rt
z

The conditions (2.5) and (2.3) or (2.4), respectively, should be applied if
the computational method makes it possible to find the stress concentration
state in the cross-section with the notch, and the actual contact pressure di-
stribution. In the case of the considered axially symmetrical structure, it is
necessary to apply the Finite Element Method (FEM), Boundary Element
Method (BEM), or Finite Difference Method (FDM). If classical methods of
strength analysis are used, which do not allow for stress concentration in the
notch region, the failure criterion in the form

o < kg k= (2.6)

can be unreliable.

3. Results of numerical and analytical calculations

In order to compare the results of analytical and numerical computations,
the distribution of stresses has been determined in the selected cross-sections

11 — Mechanika Teoretyczna
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Fig. 2. Cross-sections to determine the state of stress

of the closure body. These cross-sections are marked in Fig.2. In each cross-
section all stress components were determined, and the equivalent stress oy
(to check the failure criterion) was computed.

The stress components and the equivalent stress at the cross-section num-
ber 5 are shown in Fig.3 (FEM) and Fig.4 (analytical method).

The concept of the analytical method presented in [6] cousists in determi-
ning the internal forces in the area when the closure body is connected with
a cylindrical part of the vessel, and in assuining a triangular contact pressure
distribution on the key, with zero rotation angle owing to the locking action.
Analytical computations were made using the korppok.med program developed
for the company contracting the computations. The program allows the user to
change the value of any design variable, and to obtain the results immediately.

In Table 1 the results of numerical (FEM) and analytical computations
are compared. The results demonstrate a good agreement outside the notch
vicinity. The results are satisfactory in the quantitative sense, and the design
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Fig. 3. Cross-sections number 5; the stress components determined by FEM

has been approved after the hydraulic test. Additionally, the difference between
the stresses ¢y and o, measured in the shell and in the closure body during
the hydraulic test and the stresses computed using FEM software did not
exceed 6%.

This means that using the analytical method developed is it possible to
prepare a preliminary draft design of the structure, provided that the stress
concentration factor in the notch is assumed at the level of 1.30. Further-
more, the analytical method gives us the possibility to establish optimisation
procedure limiting the mass of such a closure.

An important result of computations is the possibility of changing the
geometry of the cover plate and the closure body so as to reduce the closure
weight by 10%, maintaining simultaneously the equivalent stresses level.

Polish Technical Inspection has approved this method of strength cal-
culation.
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Fig. 4. Cross-sections number 5; the stress components determined analyticaly and
equivalent stress o ()

Table 1. Comparison between the results of computations for the gas filter
closure (Dn = 1400 mm, py = 5.5 MPa, to = 50°C)

Cross- ‘
section Inner point Central point Outer point
number | of the cross-section | of the cross-section | of the cross-section
according | Analytical | FEM | Analytical | FEM | Analytical | FEM
to Fig. 2 method method L [ method
7 125.9 136.9 131 [ 141 153.7 | 160.9
6 115.9 104 120.8 114 154.6 | 1443
5 129.3 115 79.2 78.5 121.7 115
4 99.6 133.9 40.2 19.5 108.5 62.4 j
K 134.2 1825 | 414 50.2 83.8 65.8 |
2 134.2 1662 | 414 | 40 83.8 74.8
1 152.9 185.1 888 | 579 69.1 40.2 %
Plate-side point Central point Groove-side point ]
8 1514 [ 177.1 875 | 1022 | 987 | 905 |
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Obliczenia plytowo-wpustowego zamkniecia filtru gazu

Streszczenie

Celem pracy jest poréwnanie wynikéw obliczen analitycznych i numerycznych

MES stanu naprezen w warunkach, gdy w konstrukcji wystepujg lokalne koncentra-
cje naprezen. Przedstawione wyniki obliczen analitycznych i numerycznych wykazuja
dobra zgodnos¢ poza strefg karboéw. Przyjmujac w strefach karbéw wspélczynnik kon-
centracjl naprezen na poziomie 1.3 mozna metoda analityczng wstepnie projektowaé
konstrukcje tego typu o dowolnych wymiarach, przy zastosowaniu dowolnych mate-
riatéw 1 ciénien, a stosujac metode MES mozna zweryfikowaé 1 uscislié wyniki. Ze
wzgledu na wytrzymato$é konstrukeji na podkre$lenie zastuguje inny sposéb okresle-
nia naprezen dopuszczalnych w strefie karbéw w porédwnaniu ze strefami, gdzie taka
koncentracja nie wystepuje, np. w walcowatej czesci zbiornika o stalej grubosci. Ob-
liczenia prowadzono dla filtru gazu o $rednicy zbiornika Dn = 1400 mm na ci$nienie
obliczeniowe pg = 5.5 MPa, tg = 50°C i cinienie préby hydraulicznej pp = 9.9 MPa.
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