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1 INTRODUCTION

Pipe coupling using clamps are becoming more and more popular
components in nuclear power plants and are used in place of
conventional flanges because of the ir compactness, easy main-
tenance & more reliability. They are used in large numbers
in Pressur ised Heavy Water Reactors (PHWR) such as at the
joint between feeder pipe and End-fitting, in F/M housing
etc. Integrity of these clamps have direct effect on over-
all safety of the nuclear power plants. This necessiates
proper design, fabrication,installation & maintenance of
these components. '

Proper design of these clamps is a challenge to the design-
er. This is because of changing boundary conditions at the
interface with the hub during various stages of loading. A
detail stress analysis of clamps considering changing bound-
ary conditions under various loadings can be done us ing fini-
te element technique. In the following.sections, two finite
element modelling methods to simulate clamps along with hubs
are described. Both these methods assumed absence of friction
between the clamp and hubs during bolting, whereas absence of
relative movement between them was assumed during other
stages of loadings.

2 MODELLING METHOD-l

This modelling method 1s applicable to axisymmetric hubs
under different axisymmetric external loads (other than
bolt loads). In this method a complete 3-D discretization
of hubs and clamps together is avoided though bolt loads
on the clamps are asymmetric. Two finite element models are
used in this method. In one model one-fourth of the clamp
is discretized along with radial springs at the interface
to simulate hubs. Whereas in the second model hubs with
the clamp is discretized by axisymmetric elements. Using
these two models together, the stress picture in hubs and
clamp can be ccmputed for bolt and all other axisymmetric
loads as explained below.

The 3-D model of the clamp is first analysed for bolt
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Figl.—-Deformed shape of the fuelling machine housing
due to bolt load
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locad alone. The radial deformation of the clamp is generally
found to be independent of the angle because of a slot pro-
vided to obtain uniform compression on the hubs. This ana-
lysis also generates stress picture in the clamp body due
to bolt load. The uniform radial displacement computed from
this analysis is then used in the axisymmetric model to .
obtain equivalent axisymmetric radial locad, which provides
the same radial displacement. This load when applied alone
in the axisymmetric model generates stress distribution in
the hubs due to bolt load. This load is then used along with
other axisymmetric loads to obtain final stress distributiocn
in the hubs. To obtain stress distribution in the clamp due
to axisymmetric loadings on the hubs, displacement at the hub
surface is calculated due to external loadings only. Equiva=
lent load corresponds to this displacement along with bolt
load is then applied to 3-D model of the clamp to compute
stress distribution.

This method of analysis has been used to calculate stress
distribution in the clamp hub assembly of pressure housing
of fuelling machine of 500 MWe pressurised heavy water
reactor (Dutta, 1985). The 3-D model of clamp is first ana-
lysed for bolt load of 47000 kgf per bolt. The uniform radial
deformation of 0.13 mm of hub surface is obtained from this
analysis. The equivalent radial load which gives 0.13 mm
radial displacement at the hub surface in axisymmetric model
is found to be 500 kgf/m.m. of circumference. This load is
then used in the axisymmetric model along with other loads
to compute stresses in hubs. Fig.l shows the deformed shape
of the pressure housing due to bolt load. Stress intensities
obtained by adopting this method of analysis for the present
case are quoted in paper F 7/8 of the present conference.

3 MODELLING METHOD-2

This modelling method is applicable to any general shaped
hubs under different loadings. The analysis is done on a
3-D model of hub-clamp assembly. To consider zero friction
between clamp and hub "fluid elements" are used at the intexr-
face. The properties of these elements are so adjusted that
as young's modules tends to zero, poison's ratio tends to
0.5 and bulk modules remains same. With this approach any
standard solid mechanics computer code can be used for this
purpose. While considering the other loads, if assumption of
zero friction at the interface is made, results obtained are
conservative for the hub, but not so for the clamp. The other
extreme assumption of no relative movement between the two
sur faces though computes conservative results for the clamp
but not for the hub. Hence it is advisable to compute
results separately by making both the assumptions. To con-
sider no relative movement between the two surfaces, the
fluid elements can be converted to solid elements by resto-
ring their mechanical properties.

This analysis method is used to analyse high pressure
pipe couplings (Dutta, 1986). A 3-D model of the pipe coup~
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Fig 2. 3D-Finite element model of feeder coupling for KAPP.
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Fig.3 Stress intensities for different interface condition for level-C.
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lings is made (Fig 2). The model is analysed for various
loading cases. Results obtained for a typical loading case
for service level C are shown in Fig.3. For this case no
significant difference in stress intensities is obtained
for the assumptions of zero friction and no reletive move-
ment between interfaces.
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