L ’LI,I""DO QL{ 52.3"..'
e H« P g,M
wmmmxm
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ABSTRACT

The pressure vessel of a PHR was analyzed using two models: a 3-D model
to represent the perforated upper torospherical head znd an axisymmetric model
for the whole vessel. The former model used ma1n1y STIFG2 shell elemen:s in
the perforated center of the head and STIF45 3-D B-nodes isoparametric
elements for the flanges. The flange bolts wer. discretized in STIF4 3-D beam
elements. Constraint equations were defined to compatibilize the rotations
hetween the shell and the 3-D parts. For vertical loads, the model was
developed in 45 degree and for horizontal ones a 180 degree model was used,
Convenient symmetries were defined in both models.

INTRCDUCTION

The pressure vessel in this study is a typical PWR (design preisure of
16.55 Ma and design temperature of 343 degree (). The spherical par. of the
closure head is penetrated by 21 parallel tubes related to the control vod drive

mechanisms, and by 4 more tubes, also parallel to the formers, thal cenduct the
in-care instrumentation probes. :

PR A e

There have been 4 coolant nozzies {(two infel and two outlet on:s) that
support the pressure vessci and the structures attached to 1t. The whole design

3 was made in accordance with the rules of the "ASHE Boller and Preéssura Vesiod
: code, section [1I" [1]. This code requires a deiailed stress analssis for
i varfous loading conditions, qecifled by its indications. For the analyses
f developed in this paper, the following loads were considered: internal pressure,

weights, bolt-tightening, and accelerations, as in an earthquake, actirg in the
x and 7 directions of the coordinate system (see Figuve 1.b).

Considering the loads mentioned above, three finite element mod21s have
been developed [3] for analyzing the vessel behavior; twe three-dimensional

models for verifying the perforated part of the head, and an axisymmety ic model h
of the whole vessel for verifying the shell and vessel flanges.
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Figure 1: 3-D pressure vesse]

head models
(a) 1B0° model

(b) 45° mndel




THREE DIHENSIONAL WODELS OF ThE HEAD

In order to know the behaviour of Lhe head, two three-dimensional finite
element models: a 45 degree model, to study the efect of a vertical acceleration,
and a 180 degree model for a horizoatal one (in. - nal pressure and weighis act
in the two models) - see Figure 1.

In these models the flange ring was meshed with STIFAS 3-D {soparrmetric
solid elements with 8 nodes, and the spherical shell, with STIF63 elastic
quadrilateral shells, The use of shell elements makes the model simpler than if
it was made only with solid elements, besides inlroducing a certain conservatism
in the analysis. This is due to ihe fact that when we use shell elements, the
internal pressure is applied at the medium diameter of the shell, while usin
solid elemants, the internal pressure would have been applied at the {nterna
diameter of the head (actual sftuatfon), Me still have used gap elemants (STIF52
3-D interfaca) to mode) the contact belween the upper and lower fianges, beam
elements {STIF4 3-D elastic beam) te model the flange bolts and mass elements
(STIF2) generalized mass) to represent the structures attached to the head, TYhe
weakening effect of the bolt holes in the flange ring is taken fnto account by
reducing the Young's MHodulus of the used material [2]. For the shel) part of the
head, all of the existing holes, related to the control rod drive mechanisms and
to the instrumentation tubes, were included in the model, but the stiffness of
the assoclated nozzles has net been considered (this 1s a conservatism when
analyzing the shell under the holes influence).

A1) of the analyses accomplished with the 3-0 models are linear, except for
the Yocal nen-linearities (gap elements).

BOUNDARY COMDITIGHS AND CCUPLING OF NODES

e have besn using the following boundary conditions with thase models;

- symmetry for faces at 8=0 degree (45 degree and 180 degree models)
and %=180 degres (180 degree model), in the Figure 2 coordinate
system. ({B=45 degree for 45 degree model).

- full constraint for bolt nodes that also belong to the lowzr flange
ring. . j

- full constraint for interface element nodes that also beloig to the
fower fiange ring. '

The different finite element types used in these head models have nodes
with different numbers of degrees of freedom. In order to keep the models
consistent, we have coupled the nodes of different adjacent elements that, in
other ways, could lead to some wrong result. By the use of rigid reglons, we
have coupled the shell elements to the solid ones, at the model transition region
{exclucding thz mode) symmetry face elements), where the boundary conditions are
imposed), and the s0lid elements to the beam ones, at the bolts to upper flange
ring union. At the model face planes, where the symmetry boundary conditions
were imposed, we have used STIF4 3-D rigid beams with no mass tc couple the
STIF45 soldd element nodes to the adjacent STIF63 shell element on:s.
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Figure 2: Shell part of the 180° pressure vesszel head model

LOADINGS

The loadings used in the thres-dimensional model analysis are:
bolt-tightening (:.44x10 degree i), internal pressure (16.55 MPa), weights and
X~ (49 m/s® - 180 degree model) and z (40 m/s* - 45 dogree model) accelerations
(Figure ].b coordinate system).

An interative process has been used to find a suitable initial deformation
that, once applied to the beam elements, lead to the actual bolt-iightening,

The weights ae considered in the analyses by imposing a 9.81 m/s" vertical
acceleration to the structural model,

When applying the x - and/or z-accelerations to the head model, their
effect on the internal water is taken as an iancresse on the inlernal pressure,
that varies with the direction considered. In the casae of using longitudinal
acceleration {z-axis in Figure 1.b), the loadings related to the masses of the
pressure vessel internals are applied to the upper flange ring 45 ferces. In the
case of using an x-acceleration, the structures atinched to the vessel head cause
moments ont it. Due to the use of concentrated masses, the models are not capable
to capture the effects of that moment. MHence, for each structuve {conirol rod
drive mechanisas, instrumentation tubes and supporting siructure) we have applied

a set of couples to the wodels that corresponds to a spucific moment, thus °

reproducing the global original effect. This is done in accordance with Figure
3, where a moment is represented by some couples Lhal consisi of 2 coxinuzoidal

force distribution, " Figure 2 shows the shell elemeni model part., “'lis !
highlighted nodes correspond to the ones used 1o 2231y the couples (o the models

and/or define the concentrated mass finite elaments,
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THREE DIMERSIORAL HODELS OF THE HEAD

In order to know the behaviour of the head, two three-dimensional finite
element models: a 45 degree model, to study the efect of a vertical acceleration,
and a 180 degree model for a horizontal one (internal pressure and weights act
in the two models) - see Figure 1.

In these models the flange rinyg was meshed with STIF45 3-D isoparametric
solid elements with 8 nodes, and the spherical shell, with STIF63 elastic
quadrilateral shells. The use of shell elements makes the model simpler than if
it was made only with solid elements, besides introducing a certain conservatism
in the analysis. This is due to the fact that when we use shell elements, the
fnternal pressure is applied at the medium diameter of the shell, while usin
solid elements, the Intérnal pressiure would heve been applied at the interna
diameter of the head (actual situatfon). We still have used gap elements (STIFS2
3-D interface) to model the contact between the uppey and Yower flanges, beam
elements (STIf4 2-D elastic beam) to model the flange bolts and mass elements
(STIF2] generalized mass) to represent the structures attached to the head. The
weakening effect of the bolt holeg in the flange ring is taken into account by
reducing the Young’s Modulus of the used material [2). For the shell part of the
head, all of the existing holes, related to the control rod drive mechanisms and
to the fnstrumentation tubes, were included in the model, but the stiffness of
the associated nozzles has not been considered (this is a conservatism when
analyzing the sheil under the holes influence).

A1l of the eanalyses accomplishad with the 3-D models are linear, except for
the local non-linearities {gap elements).

BOUNDARY CORDIVIONS AND COUPLING OF HODES

We have been using Lhe following boundary conditions with these models:

- symmelyy for faces at 6~0 deagree {45 degree and 180 degree models)
2 0180 degree (180 deavea model), in the Figure 2 coordinate
system. (L<45 deqgvee for 45 degree model).

= full consiraint for bolt nodes that also belong to the lower flange
ring. ...

- full constraint foe interface element nodes that also belong to the
lower flange ring.

The different finite element types used in these head models have nodes
with different numbers of degrees of freedom. In order to keep the models
consistent, we have coupled the nodes of different adjacent elements that, in
other ways, could lead to some wrong result., By the use of rigid regions, we
have coupled the shell olements to the solid ones, at the model transition region
(excluding the modol symaciry face elements), where the boundary conditions are
fmposed), and the <olid elemants to the beam ones, at the bolts to upper flange
ring unfon. At the mpdel face planes, where the symmetry boundary conditions

vere imposed, we have used STIF4 3-D rigid beams with no mass to couple the Ry

STIF45 solid element nodes to the adjacent STIF63 shell element ones,
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Figure 2: shell part of the 180° pressure vessel head medel

LOADINGS

The loadings used in the three-dimensienal model analysis are:
bolt-tightening (1.44x)10 degree N}, internal prossure (16.55 #Pa), weights and
x- (49 m/s’ - 1BO degree model) and z (40 w/s’ - 45 degree model) aeceleralions
(Figure 1.b coordinate system).

An interative process has been used to find a suitable initial deformation
that, once applied to the beam elementls, lead to the actual bolt-tightening.

The welights ae considered in the analyses by imposing a 9.81 m/s™ vertical
acceleration to the structural model. '

When applying the x - and/or z-accelerations to the head model, their
effect on the irternal water {s taken as an increase an the internal pressure,
that varies with the direction considered. In the caze of using longiludinal

© aceeleration (z-axis in Figure 1.b), the leadings reletad L0 the masses of the

pressure vessel internals are applied to the upper flange ring as forces. In the
case of using an x-acceleration, the structures attached Lo the vessel hogd cause

. moments on it. Due to the use of concontrated masnes, the mydels 2ye not capable

to capture the effects of that moment. Heace, Vor each structure (control rod
drive machanisms, Instrumentation tubes and supporiing structure) we have applied

- a set of COuEIss to the nuuels that corresponds te a specific moment, thus
- reproducing t _
© 3, where a moment is represented by some couples that consist of a cosinusoidal

e global original effect. This is done in accardance with Figure
force distribution. Figure 2 shows the shell element model nari. Its

highlighted nodes correspond to the ones used to apply the couples to the models
and/or define the concentrated mass Tinlte elements.
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Figure 3: Couple defirnition for wne 3-0 closure head models

STRESS LIAITS

A1l of the stress Vimits mentioned below are based on Reference [1]. '3

THREE-DIKENSICNAL MODELS
i

The models shown in paragraph 2 consist basically of a solid element nart, 21

that will be called RING, and a she)l element part, that we will call SHELL. i

At first, since the objective of ours {s Lo verify the SHELL stress, the
RING has been fncluded in the mode) only to make the SHELL rigid. Meanwhile, in 3
order to only have an appro.imate idea of the stress acting in the RING, we have <

chosen some secticns of it and have compared their average mode) strasses (S1) "
with the general membrane stress Vimit (S.). For the perforated shel) we have =4
studied only the primary stress, since this paper deals only with design _ =

procedures. For this shell, in certain conditions, one can classify the membrane
stsresses near a hole influence region as local ones (limiting stress: 1.5 x
P I

In order to exemplify the upper flange ring stress 45 degree model {CASE
2) and 180 degree model (CASE 3) results, we have taken a ring section directly
influenced by the stud hole perturbations. In doing so, we have evaluated the : )
average modal stress for each load case, and compared them with the material i
primary membrane stress limit:

CASE 2: average strvess= 8]1.4 MPa <Sm=184 MPa
CASE 3: average stress= 89.4 MPa <Sm=)184 MPa {critical section)

To elucidate a bit about the stresses in the SHELL, we have only shown in
sequence some membrane stress vesults. Figure 7 shows this kind of stress for
CASE 1. Classifying the membrane stresses as local, it comes:

PR

SMX « 251.5 MPa < 2.5 x Sm = 276 MPa
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Although the Timit above is exceeded, that happens only in a liaded node,
therefore, corresponding to a localized effect due to the way of application of
the lcad, and is not to be verified. In the same way, all other circumscribed
{sostress C (276 WPa) reglons are subjected to local pertubations, and are not
to be veriffed. The vemaining regions, that are not affected by local effects,
are under stresses below 1.5 x Sm (276MPa).

: Figure 9 shows, for CASE 3, final results that are similar to CASE 2 ones.
0!

SMX « 276.6MPa > 1.5 x Sm =~ 276 WPa
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Figure 9: (... 3 membrane stress results (MPa)

This value slightly exceeding the limit occurs on a loaded node, so being
a local affected one that is not to be verified. All other regions of the SHELL
are subject to final lecal membrane stresses that are smaller thar 1.5 x Sm.

It ts to be noted that in no analysis case, SHMXB (SMX plus lhe estimated
error) was used, since the estimated error is very influenced by the large stress
gradients that exist among the loaded nodes and the adjacent mode! reglons, and
that the use of concentrated loads fs Just a loading technique whose local
influence i1s not important for the final results.

CONCLUSIONS

From the results obtained with the three-dimensional models, one can say
that all of the stresses.are smaller than the Vimits stated in paragraph 4, since
we neglect local effects due to concentrated loads.




REFERENCLS

{1] “ASME Boiler and Pressure Vesse! Code, Section 15",
Amerfcan Socfety of Mechanical Engineers, 1989,

(2] M.B. Bickel), S.H. Dance; "An Elastic Analysis of Axially 3o
Perforated Cylinders With Applications to the Design of £
Rea:tor Vessel Flanges", First Int. Conf, on Structural
Mecaanics in Reactor Technology, Berlin, 1971,

[3] G.J. DeSalvo, J.A. Swanson: "ANSYS Engineering Analysis
System, User’s Manual", Rev. 4.2b

[4] G.J. DeSalvo, R. W. Gorman, "ANSYS Engineering Analysis System,
User's Manual, Rev, 4. 4a

9.84




