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THE MODELING OF THE THEORETICAL AND MATHEMATICAL
SYSTEM AND SPECIFICALLY THE STOCHASTIC PROCESSES
OF THE DYNAMICAL SYSTEM AN INNOVATIVE MECHANISM

FOR GRASPING OF THE ROBOT FOR OVERLOADING
THE HIGHLY RADIOACTIVE FIRM WASTE OF FUEL ELEMENT
FROM THE SECONDARY CONTAINER
INTO THE MAIN CONTAINER

Abstract. In fact, the use of optimal and quasy-optimal algorithms for recursive estimation of kinematic and
dynamic parameters of the actuators working is original. Authors give some details which they have studied the kine-
matic and dynamic parameters of multi-actuators working of the innovative mechanism of grasping and how they
will develop the optimal filtering techniques of random perturbations.

This article is interesting and contains some scientific novelties and significance. It considers the mathematical
modeling of the geometrical, kinematic and dynamic parameters of the interactions of the grasping mechanism with
the environment (highly radioactive firm waste) during their operations for taking consistent design decisions at ear-
lier stages of their development, when several possibilities arise.
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Introduction. According to the World Atomic Association, nowadays 449 nuclear reactors are used
in all countries of the world, 62 nuclear reactors are under construction and about 150 nuclear reactors are
planned for construction. The world leader in nuclear energy is the United States, which have more than
100 nuclear reactors. China is the fastest country which develops "peaceful atom". In China is building
27 nuclear reactors, another 50 nuclear reactors are planned to be built in this country in the future.

During the operation of a nuclear power plant (NPP), solid highly radioactive waste (SHLW) is
formed, which are fuel elements (FE) of fuel assemblies of nuclear reactors. The radionuclides contained
in SHLW have a harmful effect on the Earth's biosphere and sharply worsen the ecology. At the present
time, specialists are planning to dispose of SHLW in the underground storage facilities (cemeteries) of
SHLW. During the implementation of this technological operation, FEs are loaded into an intermediate
container, which is transported from the NPP to the assembling and transfer point (ATP), built near the
underground storage facility (cemetery) of SHLW. The SHLW are overloaded into a cavity formed in the
body of the main container (containers), made from a block of strong rock into ATP from the intermediate
container SHLW. This technical operation has to be carried out by the worker (workers) manually with the
use of special devices, when he (they) is (are) directly near the SHLW. Undoubtedly, this operation does
not ensure the required security of the worker (workers).
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At the present time, we have created an innovative way of reloading FE and/or FEs and others from
the intermediate container with SHLW into the cavity (cavities) of the main container, made from a strong
rock block, which implementation has to be carried out using innovative grip of industrial robot (IR)
manipulator and the innovative design of the three-phalangeal adaptive gripper — the grip device of the IR
manipulator. The innovative design of the three-phalangeal adaptive gripper consists of the following
structural elements: a tile-base for fastening the phalanx — grip levers, which is fastened to the end part of
the manipulator by a fixing lever. Each gripping flexible grip lever consists, for example, of 3 phalanxes:
basic, middle and final. All phalanges are joined together by hinges. The lower base of each main phalanx
of the gripping flexible grip levers is grasped to the tile-base. Clamping spring is installed between the
adjacent phalanges of each grip lever. In the sections of the inner surface of each phalanx of each grip
lever the retaining teeth are strengthened.

For the scientific-based choice and justification of constructive, geometric, structural-kinematic and
dynamic parameters of the innovative gripper of the IR manipulator, an effective mathematical model of
their calculation was developed, taking into account the stochastic processes of its interaction with the
object, i.e. with SHLW. The accuracy of determining the geometric, structural-kinematic and dynamic
parameters of the three-phalangeal adaptive gripper of the IR manipulator, taking into account the
stochastic processes of its interaction with the upper section of the FE, is reached by the estimation on the
basis of the determination of the optimal Kalman weight coefficient.

The idea of work. Nowadays, specialists have created an innovative way of reloading of FE and/or
FEs and others from the intermediate container with SHLW into the cavity (cavities) of the main con-
tainer, made from a strong rock block, which implementation has to be carried out using innovative grip of
IR manipulator.

For the scientific-based choice and justification of constructive, geometric, structural-kinematic and
dynamic parameters of the innovative gripper of the IR manipulator, an effective mathematical model of
their calculation was developed, taking into account the stochastic processes of its interaction with the
object, i.c. with SHLW [1-4].

An innovative remotely controlled mobile IR (figure 1) with an innovative adaptive grip mechanism
consists of support racks 1, a horizontal crossbar 2, a vehicle 3 (wheel, caterpillar, walking, etc.), with
attached IR manipulator 4 having a several degrees of freedom of mobility, like a human hand. To the
final part of the IR manipulator 4 is attached an innovative gripper 5. FE 6 is extracted from the inter-
mediate container 7 and reloaded into the main container 8 by the innovative gripper 5.
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Figure 1 — Scheme of reloading of fuel element (FL) SHLW from the intermediate container into the main container using
innovative gripper of industrial robot (ITP) manipulator: 1 — support racks; 2 — horizontal crossbar;, 3 — vehicle;
4 — manipulator; 5 — innovative gripper, 6 — fuel element (FL), 7 — intermediate container; 8 — main container

On the basis of the analysis of works [5-18], this article proposes an innovative design of the three-
phalangeal adaptive grip — gripping device (GD) of the IR manipulator. The innovative design (figure 2)
of the three-phalangeal adaptive grip of manipulator consists of the following structural elements: the tile-
base 1 for fixing the phalanx — grip levers, which is fastened by the fixing lever 2 to the end part of the
manipulator.
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Figure 2 — Three-phalangeal adaptive gripper of the IR manipulator for FE and/or FEs reloading from the intermediate container
to the main container for SHLW at its disposal in the underground storage (cemetery) of SHLW: 1 — tile-base for fixing the main
phalanx of the lever-gripper; 2 — the mounting arm of the manipulator; 3 — the basic phalanx; 4 — middle phalanx; 5 — final
phalanx; 6 — the hinge of fastening of adjacent phalanges; 7 — pulling spring; 8 — retaining tooth; 9 — flexible traction element

GD consists of several constructive elements, the so-called gripping flexible levers — grips, each
kinematic scheme is conditionally identified with the functioning of a separate human finger. Each
gripping flexible lever — the grip consists, for example, of 3 phalanges: main 3, middle 4 and final 5. All
phalanges 3-5 are joined together by hinges 6. The lower base of each main phalanx 3 of the gripping
flexible lever — the grip is attached to tile-base 1. The clamping springs 7are installed between the adjacent
phalanges 3-5 of each lever. The holding teeth 8 are strengthened on the inner surface of each phalanx 3-5
of each grip lever.

The gripping of an object, for example, FE, intended to be movement from the intermediate container
to the main container for SHLW, is carried out as follows. Gripping flexible levers — grips, for example,
three gripping flexible levers — grips are positioned by the "arm" of the IR manipulator above the upper
section of FE, located in the intermediate container. Then they move top-down on the body of the upper
section of FE and are fixed opposite it in such a way that it is located between the gripping flexible levers —
grips. Depending on the specific conditions, for example, on one side of the FE there will be two gripping
flexible levers — grips, and on the opposite side of it - one gripping flexible lever — grip. A hole which
longitudinal axis coincides with the longitudinal axis of the phalanx is formed in the body of each phalanx
3-5 of each grip lever. After all phalanges 3-5 have been joined together by hinges 6, flexible traction
element 9 is placed in each of them. The first flexible traction element 9 is located in the phalanges holes
3-5 from the upper base of the terminal phalanx 5, passing along it in the hole formed in the middle
phalange 4, in the hole formed in the main phalanx 3, and its opposite end is placed beyond its limits. The
end of the second flexible traction element 9 is fixed in the upper part of the middle phalanx 4, placed in
the hole formed in the body of the main phalanx 3, and the opposite end is located beyond its limits. The
end of the third flexible traction element 9 is fixed in the upper part of the main phalanx 3, installed in the
hole formed in its body, and its opposite end is located beyond its limits. Each oppositely disposed area of
the flexible traction element 9 is fixed to a special actuator installed in the control station of the IR
manipulator.

Flexible traction elements 9 are installed in all other gripping flexible lever — grips in the same way
[19, 20].

Depending on the specific conditions, one, two or more FEs and/or their parts, etc. can be placed in
the cavity, formed in the main container, etc. Placing of FE and/or FEs, etc. in other cavities formed in the
main container, is implemented in a similar way.







