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Exploring the CAD model of the manipulator
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Abstract. The possibilities of the dynamic research of the manipulator
CAD-model after its translation into Simscape Multibody using CAD
Translation are considered. The results of the simulation are presented. The
described approach to modeling allows you to reproduce the dynamics of a
real physical object.

1 Introduction

The high development of computer-aided design (CAD) systems [1], capable of performing
strength calculations of the designed mechanisms, allows eliminating full-scale models and
experiments.

The mechanism designer needs to know how the developed mechanism will behave in
practice, that is, to know its kinematic and dynamic characteristics.

The data obtained after the corresponding calculations allow us to select the necessary
drives, which is relevant for various systems, including mechatronic ones.

To solve the tasks set, it is convenient to use simulation modeling. Simulation modeling
is a method of studying objects because a simulating object replaces the object under study.
Experiments are conducted with the simulating object and as a result, information about the
object under study is obtained.

To simulate the movement of various objects, you can use such programs as
SolidWorks, MatLAB Simulink, and others.

In the process of designing and creating a solid-state model, the SolidWorks CAD
system allows you to determine the design parameters that directly affect its dynamics:
mass, moments of inertia, the position of the center of mass, etc.

The Simscape software-modeling package is part of the Simulink/ MATLAB software
package and provides block simulation of complex dynamic systems based on visually
oriented programming technology. Simscape Multibody is able to interact with other
components of the Simulink/ MATLAB library, increasing the simulation capabilities.

The process of simulating a dynamic system in Simulink / MATLAB can be
complicated due to the need to determine some parameters: the moment of inertia and the
coordinate of each connected element of the system.

To solve this problem, MathWorks has developed a plugin for exporting CAD models,
which allows you to create dynamic models in the Simscape Multibody environment based
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on a three-dimensional model developed in the SolidWorks computer-aided design system
using Simscape Multibody Link.

Compared to the traditional modeling approach, SimMechanics has a number of
advantages: ease of model construction and parameterization, fast debugging, and flexible
measurement and visualization tools.

2 Material and methods

Highly specialized modeling programs do not always allow you to simulate the designed
mechanism because they are difficult to master or do not have the ability to repeat the
mechanism with the required parameters.

The environment of dynamic interdisciplinary modeling of complex technical systems
and the main tool for model-oriented design Simulink can help to get out of this situation.

Simulations and simulations allow you to test the behavior of the system in critical
conditions or emergency scenarios. This reduces the cost of expensive physical prototypes.

The system is tested using semi-natural modeling and rapid prototyping [2]. Simulink
also allows you to convert a CAD model to an equivalent Simscape Multibody flowchart
[3].

The conversion is based on the smimport function, which uses the file name of the
multi-body XML description as the main argument. The XML file passes the Simscape
Multibody program the data needed to recreate the original model or approximate it if the
model has unsupported constraints.

The CAD model is translated in two stages: export and import (Fig. 1). At the export
stage, the CAD assembly model is converted to a multi-part XML description file and a set
of STEP or STL part geometry files. At the import stage, the part description and geometry
files are converted to the SLX Simscape Multibody model and the M-data file. The model
gets all the input parameters of the block from the data file [4].
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Fig. 1. Stages of CAD translation.
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It should also be noted that this method of translation takes into account and affects the
characteristics of the materials selected during the construction of the CAD model.

3 Results and discussion

Let's look at the simulation process using the manipulator as an example.
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It is necessary to design and study the manipulator of the following kinematic scheme
and dimensions (Fig. 2, a). First, you need to build a model of the manipulator in a suitable

CAD program (Fig. 2, b).
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Fig. 2. The investigated manipulator: a — kinematic scheme: 1-4-manipulator links; A, B, C, D —
hinges; F — point of the executive body; b — CAD-model of the manipulator.

For this example, the SolidWorks program was selected. The process of converting a
CAD model to is shown in Figures 3-5.
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Fig. 3. Model conversion process.
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Fig. 4. Block diagram of the model in Simscape Multibody obtained after conversion.
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Fig. 5. Three-dimensional representation of the transferred model in Simscape Multibody.

We study the trajectory of the working body.
The coordinates of the point F change according to the following equations:
5
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Where, depending on the time interval, the boundary conditions change and the coefficients
ao-5, Do-6, Co-6 are recalculated by solving the SLAE using the matrix method [5].
The required trajectory is shown in Figure 6.
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Fig. 6. Trajectory of the working body movement.

Let's solve the inverse kinematics problem.
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Finding the vector of generalized coordinates g = (q4, 95, 93, 94, s, )T (the five angles
of rotation of the links in this case) is carried out by solving the inverse problem of velocity
kinematics [6]:

G(t)=J37"(a)- x (). )
Denote Fr(q), which defines the values corresponding to the point F as a function of the
generalized coordinates:

Fe (@) =[F« (a). R, (@), F, (@)]". 3)
Let's introduce a vector function:
D (1) =[F (1), K, (1), F, (DT (4)

Denote the pseudoinverse Jacobi matrix:

3o (f)anFy- (5)

Then, in discrete form, we rewrite the expression in the form:
g =0+ AD. (1), (6)

where A®d,(t) — the increment of the function @ (t)in the time step At.

The obtained relation allows us to find the vector of generalized coordinates g at the
k+1 time step by a known value q at the k step.

Figure 7 shows graphs of changes in the found generalized coordinates.
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Fig. 7. Graphs of changes in the generalized coordinates: the angle g;, the angular velocity dgi/dt, and
the angular acceleration d’qi/dt?.

To remove dynamic indicators, you need to pass the previously calculated kinematic
characteristics to the model (Fig. 8, a) and correctly configure the block that models the
kinematic pair. For example, if you need to calculate the actuation moment acting on the
slave object in relation to the base object around the base axis of the connection, then select
"Actuator Torque" [7] (Fig. 8, b).
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Fig. 8. Study of the model dynamics: a — transfer of kinematic parameters to the joint; b —
measurement of the rotational moment in the pair.

Figure 9 shows a block diagram of the Simscape Multibody model with the kinematic
parameters and settings passed to it for removing dynamic characteristics.
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Fig. 9. Block diagram of the model in Simscape Multibody

Figure 10 shows the graphs of changes in the torques in the drives.

Fig. 10. Graphs of torque changes in the drives.
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The data presented in Figure 10 gives an idea of the numerical value of the torques
required to move along a given trajectory. They will also help you select the appropriate
drives [8, 9].

4 Conclusions

CAD Translator and Simulink Multibody are convenient tools for studying mechanisms
created using CAD programs, allowing you to capture dynamic characteristics and conduct
research with changes in the input parameters of the mechanism.
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