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Investigation of falling control rods in deformed guiding tubes in
nuclear reactors using multibody approaches
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Multibody approaches can be successfully employed for the modelling of nonlinear motion and dynamical
analysis in nuclear engineering. One of the interesting applications is the analysis of control assemblies or control
rods used for the nuclear reaction control and emergency stops. Generally, control assemblies can be simplified to
the typical problem of a long thin rod moving through guide tubes and driven by a motor. Two different approaches
to the modelling of control assemblies for nuclear reactors are introduced in this paper. Both models are used for the
numerical simulation of falling control rods in deformed guiding tubes during the emergency reactor shut-down.
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Fig. 1: Scheme of the VVER 1000 nuclear reactor (left) and its cluster of control rods (right)

The first model is a complex multibody model of the LKP-M/3 control assembly of the VVER 1000 nuclear
reactor, see Fig. [T} created in the alaska simulation tool [1]]. It is composed of 22 rigid bodies coupled by 22
kinematic joints. The number of its degrees of freedom is 45. The influences of the pressurized water have to



be introduced in the multibody model because the rod control cluster assemblies are falling in a limited space
and water resistance is not negligible. Possible contacts of the falling rod control cluster assembly with adjacent
structural parts inside the reactor are supposed.

The second presented approach is based on the absolute nodal coordinate formulation (ANCF). The model of
a long thin control rod is composed of three-dimensional ANCF beam elements. Various ANCF beam elements
such as those mentioned in [2} 3] are implemented and tested using the implemented in-house computational tool.
Possible contacts and a friction between the thin rod and the guiding tube are also included in the model. Since
nuclear reactors are exhibited to various operational conditions, such as high temperatures and coolant pressure
pulsations, the guiding tubes can be deformed. The influence of the deformation of the guiding tubes on the
successful drop of the control rod is further studied.

Both presented modelling approaches can be considered complementary. The first approach is used to obtain
a global response of the control assembly of the VVER 1000 nuclear reactor e.g. to the seismic loads, while the
second approach is utilized for a detailed analysis of the interaction between the control rods and the deformed
guiding tubes.

As an example, a simple deformable rod drop in a straight guiding tube with nonzero initial horizontal velocity
is shown. Snapshots of the rod axis motion in selected times are shown in Fig. 2]
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Fig. 2: Snapshots of the rod axis motion in selected times (time ).
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