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DEVELOPMENT OF A TOOLSET IN THE SYSTEM FOR CREATING
VIRTUAL STANDS

A new system has been developed to provide the ability to construct a flat slider-
crank mechanism using tools provided by the system. VR models have been developed to
be used later by specialists to build new laboratory stands without the need for a new
software development cycle.
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Introduction. Virtual reality is used to improve educational and professional
research by providing students and researchers with immersive experiences. It is
gaining more and more popularity in educational institutions and thus, increasing
the demand for educational software to include more possibilities.

This paper presents the development of a virtual toolset for the laboratory
system, which provides the ability to conduct the following lab: Metric synthesis of
a flat crank-slider mechanism according to the given three positions.

To create VR experiences, the Unity Engine has been used. The OpenXR
standard and the OpenXR package [1] for Unity Engine developed by Khronos
Group have been used to provide consistency between different VR devices. HTC
Vive Cosmos Elite PC tethered device has been used for simulations throughout
this paper. 3D models and programs in the C# language have been used to make
assets [2].

Theoretical foundations of synthesis. The flat crank-slider mechanism is a
four-link mechanism, which consists of a footing, a crank, a connecting rod and a
slider [3] (see Fig. 1).
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Fig. 1. Crank-slider mechanism, 0 — Footing, 1 — Crank, 2 — Connecting Rod, 3 — Slider
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To synthesize the mechanism, it is necessary to have as initial data the value
of the eccentricity of the slider (e), coordinates (S1, S2, S3) of the three positions
of the center C of the slider, calculated along the horizontal axis x, as well as a
change in the angle of rotation of the crank at the next two positions of the slider:
dp, and d¢;.
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As a result of the synthesis of the mechanism, it is necessary to determine
the length of the links (1as, lsc) and the angle of rotation of the crank for the first
position of the slider.

Stand Components. The following components are needed to compose the
stand: Mounting Plate, Drive Unit, Slider Movement Unit, Crank, Hinge, Connecting
Rod.

3D Models for all the components listed above have been created using the
SketchUp program. The OpenXR package components have been applied to these
models to make interactive [4]. The main components used are XR Grab Interactable
component, which allows to drag, move and drop the component, and the XR
Socket Interactor component, which allows other components to be attached to the
area defined by the socket.

Mounting Plate. Mounting plate is a component where all the other
components are going to be mounted (See Fig. 2). 2 XR Socket Interactor
components from the OpenXR package have been used to make sockets for the
Drive Unit and Movement Unit to be attached to the mounting plate. To define
borders for working space for the sockets, Sphere Collider components have been
utilized. So, after dragging an object into the outlined sphere and colliding the
borders, the object being dragged will be mounted on the plate.

Fig. 2. Mounting Plate
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Drive Unit. Drive Unit is a component mounted on the mounting plate (see
Fig. 3). It includes a rotating shaft sub-component. A Box Collider component has
been used to define the borders of the component. These borders aren’t visible
during VR experience and serve as triggers to detect collision with borders of other
objects. An XR Grab Interactable component has been applied to the model to
make it interactive.

Another Sphere Collider component has been utilized atop the shaft
subcomponent to define the space where other components may be attached. An
XR Socket Interactor component has been applied to make the objects actually
attach to this space defined by the Sphere Collider component.

Fig. 3. Drive Unit

The following C# script [5] has been applied to the shaft sub-component to
simulate the rotation.

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class Rotate : MonoBehaviour
{

public float speed = 50f;

void Update()

{

float rot = Time.deltaTime * speed;
transform.Rotate(new Vector3(0f, 0f, rot));
}
}
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Slider Movement Unit. An XR Socket Interactor component has been used
for the hinge to be attached. A Box Collider component along with XR Grab
Interactable has been used to define the borders of the component and make the
possibility for it to be grabbed and moved. Also, a Box Collider and XR Socket
Interactor components have been applied to define an attaching point for the
connecting rod (see Fig. 4).

Fig. 4. Slider Movement Unit

Crank, Hinge and Connecting Rod. XR Grab Interactable components have
been applied to each of these 3 objects to be interactive. XR Socket Interactor
components have been applied to the Crank component for the Hinge to be attached
and to the Hinge component for the Connecting Rod to be attached (see Fig. 5).

Fig. 5. Crank, Hinge and Connecting Rod

Conclusion. This paper presents the development of subject library for the
crank-slider mechanism stand. The stand was decomposed to reusable components,
and a 3D model for each component was implemented using SketchUp real time
rendering technology. These models were imported into Unity Software, and the
OpenXR package developed by Khronos Group was used to make them interactive.
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A custom C# script was written to simulate the rotational movement of the Drive
Unit shaft.

This library can further be improved to include new components and give
the ability to compose several stands, thus decreasing the dependency on a new
development cycle for new stands to be created.

REFERENCES

1. The Khronos Group Inc., “The OpenXR Specification”,
https://www .khronos.org/registry/OpenXR/specs/1.0/html/xrspec.html

2. Linowes J. Unity Virtual Reality Projects. - Birmingham, UK, Packt Publishing,
2018. - 466p.

3. Wikipedia, Slider-crank linkage, https://en.wikipedia.org/wiki/Slider-crank linkage

4.  Unity Learning, Create with VR, https://learn.unity.com/course/create-with-vr

5. Unity Engine Scripting API Reference, https://docs.unity3d.com/ScriptReference/

u.u. £N4<uLLhu3un

qNrorLULURU P UTUuuNrUL YhMSNRUL USELLENP USE1OU UL
cuvusurenku

Uowlyty £ unp hwdwlwng, npp huwpwynpnipiniu £ wwihu hwdwlwpgh wnpwdwn-
pwd gnpdhputiph dhongny Ywnnigh| hwpp oninnghYy-unnuwywjpu dbjuwuhqd: Unbindyb|
Gu VR dnnbjutp, npnup hGwnwquwnd Ywpnn Gu dwutwgbinubph Ynndhg oguwgnpdyb)
unp wpnpwwnnp unbunubp unbindtint hwdwp' wnwug dpwgpwiht wwywhnddwu dowy-
dwl unp ghyh wuhpwdbonniypjwu:

Unwugpuypti pun&p. Jhpunniw| hpwlwunienit, dwutwghunwlwu gnpdhpwlwaqd,
hdtpuhy Ypeniejniu:

A.A. O'AHECSH

PASPABOTKA UHCTPYMEHTAPUS B CUCTEME /UISA CO3JAHUS
BUPTYAJIBHbBIX CTEHJ10OB

Pa3paboTana HOBas cucTema, 0OCCIICUMBAONIAs BO3MOXXHOCTh CO3JaHHUsS TUIOCKOTO
KPUBOIIUITHO-TIOJI3YHHOT'O MCXaHH3Ma C HUCHOJIb30BAHUEM HWHCTPYMCHTOB, NPCAO0CTABIACMBIX
cucreMoii. PazpaboraHbl MOsieNIn BUPTYaJIbHOM PEANbHOCTH IS ITOCIIEIYIOIEr0 HCIOIb30-
BaHUSI CICIMATMCTAMH TIPU CO3IaHUK HOBBIX JaOOPATOPHBIX CTEHIOB 0€3 HEOOXOIUMOCTH
HOBOTO IMKJIA Pa3paboTKH MPOTpaMMHOTO 00eCTIeUeHMS.

Kniouesnle cnosa: BuptTyanbHas peabHOCTb, MPO(ECCHOHANBHBIN HHCTPYMEHTApHH,
HMMEPCHUBHOE 00pa30BaHUeE.
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