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Abstract. The emergence of virtual reality technology provides new technologi-
cal support for the development of teaching, enabling students to immerse them-
selves more in the teaching environment. However, there is relatively little research
on the application of virtual reality technology in aviation engine teaching, which
cannot guarantee its reliability. Therefore, a reliability analysis study of aviation
engine teaching system based on virtual reality technology is proposed. Select the
professional virtual reality modeling and simulation software LabVIEW to con-
struct a three-dimensional model of an aviation engine, design a human-computer
interaction teaching process, build a three-dimensional vision model based on the
principle of human eye stereo vision, analyze the generation of three-dimensional
graphics in the computer, and thus achieve the operation of the aviation engine
teaching system. The experimental data shows that under different experimental
conditions, the maximum display integrity of the teaching scene obtained after
the application of the designed system is 98%, and the maximum success rate of
human-machine interaction in the teaching process is 96%, fully confirming the
stronger reliability of the designed system.

Keywords: Aeroengine - Reliability - Virtual Reality Technology - 3D Model -
Human Machine Interaction

1 Introduction

With the rapid development of information technology, the existing aviation engine
teaching mode cannot meet the needs of practical applications. New teaching media are
constantly emerging, and after multimedia, a new type of teaching media has emerged in
the field of teaching technology, which is virtual reality technology. Traditional aviation
engine teaching experiments generally include viewing real engine prototypes in the
showroom and conducting engine test runs. However, the internal structure of aviation
engines is very complex and difficult to observe, and it is not possible to observe the
internal structure solely by observing the actual engine prototype. Moreover, it is difficult
to have a comprehensive understanding of the connection relationship between the entire
engine and various components. Conducting an aviation engine test drive experiment is
not only expensive, but also incurs significant engine losses, making it too expensive
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to use as a teaching experiment. For students majoring in science and engineering, the
practical aspect has become an important aspect for them to deeply understand theoretical
knowledge. However, currently, there are problems with outdated equipment and high
experimental expenses in aviation engine teaching experiments, making it difficult to
meet the practical needs of students in the learning process and keep up with the rapid
development of science and technology. Given the above reasons, it is urgent to adopt a
new teaching experimental method to ensure a certain level of teaching quality.

Virtual reality technology transforms multimedia teaching platforms from two-
dimensional planes to three-dimensional spaces, creating a virtual, realistic, and inter-
active teaching environment. It can build a three-dimensional virtual space, and students
will become a member of this virtual space, and can interact with this space to effec-
tively simulate human behavior in the natural environment, such as seeing, listening,
and moving. It is an advanced human-computer interaction technology, which is the
intersection and integration of many disciplines, integrating multimedia technology, arti-
ficial intelligence, computer graphics, multimedia technology, sensor technology High
speed parallel Real-time computing technology and human behavior research and other
technologies.

From the existing research results, virtual reality technology is mainly applied in
the process of physics teaching, such as fluid real-time simulation systems based on
virtual reality technology and physics laboratory teaching systems based on virtual reality
technology. However, there are few research achievements related to the application of
virtual reality technology in the field of aviation engine teaching.

Therefore, this article applies virtual reality technology to aviation engine teaching
and experimentation, proposing a new type of aviation engine teaching and experi-
mentation method, which has important theoretical significance and application value
for the digitization and modernization construction of aviation engine teaching and
experimentation.

2 Aeroengine Teaching System Design Research

2.1 Aeroengine 3D Modeling Module

According to the performance requirements of the aeroengine teaching system, the
professional virtual reality modeling and simulation software LabVIEW is selected to
conduct three-dimensional modeling of aeroengines.

The general steps for modeling the solid model aeroengine are:

Step 1: Get modeling data

The internal structure of an aeroengine is very complex, and there are many compli-
cated accessories besides a few main components. The model used in teaching should
be as simple as possible to facilitate observers to understand the internal structure of the
engine; Moreover, if the amount of model data is very large, it will affect the real-time
performance of the system to a certain extent [3]. Therefore, it is necessary to simplify
the model. The geometric shape data of the engine model mainly comes from the engi-
neering drawings and photos of the real prototype. Combining with the components we
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Fig. 1. Schematic Diagram of Aeroengine Structure

care about, we further simplify the engineering drawings to obtain a three-dimensional
model of the engine suitable for teaching experiments, as shown in Fig. 1.

There are five main parts of aeroengine: inlet, compressor, combustion chamber,
turbine and tail nozzle. We only care about the core engine parts, namely compressor,
turbine and combustion chamber, so we omit the inlet port in modeling. Since the tail
nozzle will produce tail flame when the engine is working, we need to simulate the
effect of tail flame in modular experiments, so we do not omit it, but simplify the
original prototype and build a contraction nozzle. The original prototype also has an
afterburner, but because the afterburner has a long length and occupies a large space, if
the afterburner is not removed, the overall observation effect of the engine model will be
affected, so the afterburner is partially removed, and the tail nozzle is directly connected
behind the low-pressure turbine support plate. The structure of a real engine is very
complex, consisting of thousands of parts. In addition to some important parts, there are
many accessories and accessories. The guiding principle of our simplified model is to
establish key components that have an important impact on the engine performance, have
a great relationship with the shape, and play an important role in rotor rotation, such as
blades, disks, casings, flame tubes, shafts, bearings, engine housings, etc. Components
such as accessory drive, lubricating oil system, fuel system and control system will be
omitted during modeling. When the engine is working, the low-pressure turbine rotor
drives the low-pressure compressor to rotate, and the high-pressure turbine rotor drives
the high-pressure compressor to rotate. In order to realize the rotation of the engine rotor
blade, 7 bearings are built, including 5 roller support bearings and 2 ball bearings.

Step 2: Determine the database hierarchy of the model

3D models are managed and operated in the way of model database. The model
database reflects the geometric space position of each entity in the real environment, as
well as the structural relationship between models and within models, and determines
the hierarchy of all entity models in the virtual scene. Hierarchical division of models
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can facilitate the division of modeling and the organization and management of entity
models. Hierarchical division of entity models can decompose complex models into
several basic units from top to bottom, clarify the objectives of model construction,
and greatly reduce the workload of modeling [4]. LabVIEW modeling provides a tree
hierarchy structure to organize and manage the model. When modeling, you should first
decompose the model according to the hierarchy structure, and arrange the parts at the

appropriate node locations for management.

The hierarchy diagram of aeroengine model is shown in Table 1.

Table 1. Aero engine structure hierarchy

Level 1 Level I Level 3

compressor High pressure compressor Rotor blade
stator vane
Wheel disc

Low pressure compressor

turbine Turbine guide vane

High pressure turbine

Low pressure turbine

combustion chamber Cross flame tube

Flame tube

Flame tube wall

Combustion chamber shell

Lower wall of expander gate

Machine brake External brake

Low pressure compressor brake

Outer channel housing

Internal machine brake

High pressure compressor brake

Turbine gate

axis axis Inner shaft
Outer shaft
Bearing Low pressure bearing
High pressure bearing
Head fairing -

Nozzle tailstock

Step 3: Establish the model

According to the hierarchical structure and drawings planned in advance, establish
a 3D model [5] in LabVIEW. When modeling, the complexity of internal parts of the
engine is taken into consideration, and the modeling is carried out according to the size

scale of 10:1 (model size: real size). The full model of aeroengine is shown in Fig. 2
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Fig. 2. Schematic Diagram of Aeroengine Full Model

As shown in Fig. 2, the components of 3D visual simulation model are as follows:

Low pressure compressor: 5-stage axial flow type. The rotor adopts a drum disk
structure, and the rotor adopts two roller bearing;

High pressure compressor: 12 stage axial flow type. The rotor adopts a drum disk
structure, the inlet is provided with an inlet guide vane, and the rotor adopts a roller
bearing and a ball bearing;

Combustion chamber: annular tube type reflux combustion chamber. There are 8
flame tubes, 8 fuel nozzles, 2 igniters and 8 cross flame tubes;

High pressure turbine: two-stage axial flow type. There is a roller bearing at the front
end;

Low pressure turbine: two-stage axial flow type. There is a roller bearing at the rear
end;

Shaft: double shaft rotor;

Outer casing: LP compressor casing, HP compressor casing, diffuser casing,
combustion chamber casing, turbine guide casing.

The above process completed the construction of the three-dimensional model of the
aeroengine, which laid a solid foundation for the follow-up research.

2.2 Human Computer Interaction Module in Teaching Process

Human computer interaction is the key to the realization of aeroengine teaching process.
Its main application technology is virtual hand technology, which mainly uses computers
to create a virtual environment, and makes the virtual hand model as the replacement
of human hands in the virtual environment. The operator transmits the operation infor-
mation of human hands to the virtual hand model in the virtual scene through virtual
peripherals (data gloves). Realize the action mapping from human hand to virtual hand,
and get information feedback (force/tactile feedback) from the virtual environment, so
as to achieve interaction with the virtual environment. Virtual hand technology is a
new technology with multi - discipline. It involves gesture input technology, position
tracking technology, virtual hand modeling technology, stable grasping technology, etc.
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Virtual hand models can be presented to users in a visual manner, enabling them to
intuitively understand the position, posture, and movements of the hand. This helps
to improve users’ understanding of system operations and interaction processes, and
promotes effective communication with computer systems. Through the virtual hand
model, users can operate and interact with their hands in a natural way in the virtual
environment. This simulation experience can enhance users’ perception and control of
operations, providing a more realistic interaction experience. Virtual hand technology
is the key to realize the engine virtual assembly in this teaching simulation system [6].

For human-computer interaction based on virtual hand, it is to use data gloves to
measure the angle of each joint on the human hand, use position trackers to measure the
spatial position of the human hand, control the motion and state of the virtual hand model
in the computer according to the measured motion data, and use virtual hands to grasp,
release, and translate virtual objects. And calculate the position and attitude of the moved
virtual object. Finally, the operator judges whether to complete the operation according
to various sensory feedback, and then starts a new task. Human computer interaction
based on virtual hand consists of operator, virtual peripheral and virtual environment,
as shown in Fig. 3.

operator

A A
Action Action Tactile Visual
information information Feedback feedback

v virtual peripheral

o St displ
Position tracker Data gloves creo dispiay
equipment
Hand Gesture
position information
virtual environment
virtual hand » Virtual objects
Virtual Operations

Fig. 3. Schematic diagram of human-computer interaction framework in the teaching process
based on virtual hands

Among them, gesture input technology is one of the key technologies of virtual hand
technology. At present, there are many methods of gesture recognition, mainly including
gesture input based on data gloves and gesture input based on computer vision. This paper
mainly applies gesture input technology based on data glove. This technology uses data
gloves as an interactive tool for gesture input. The data glove used in this system is
5DT Data Glove 5 produced by SDT Company. The SDT Data Glove 5 data glove is
a black elastic double-layer textile. The interlayer is a leather sensor made of optical
fibers. There is a sensor on each finger to measure the average flexion and extension
of the finger (that is, the flexion and extension of the joint in the middle of the finger).
There are also two sensors at the wrist to measure the pitch angle and tilt angle of the
palm. The position distribution of sensors is shown in Fig. 4.
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Fig. 4. 5DT Data Glove Sensor Distribution Diagram

5DT Data Glove 5 has working modes such as command, report data, continuous
data, and analog mouse. The sampling rate of the data glove can be up to 200 Hz. The
data string sampled from the glove has a total of 9 bytes, and the specific meaning is
shown in Table 2.

Table 2. Meaning of Data String Bytes Collected by Data Gloves

Byte sort byte meaning

1 Header The leading byte indicates the beginning of a new data string
2 F1 Flexion and extension of thumb

3 F2 Flexion and extension of index finger

4 F3 Flexion and extension of middle finger

5 F4 Flexion and extension of ring finger

6 F5 Flexion and extension of little finger

7 pitch Tilt angle of hand swing up and down

8 roll Tilt angle of palm rotation

9 checksum Checksum

Since the data glove has no position sensor, the position information of the hand in
the three-dimensional space cannot be obtained from the input data of the data glove.
Therefore, in this application system, the position change of the hand in the three-
dimensional space is not obtained through the data glove, but through the position tracker.

In order to better control the state of the virtual hand grasping the virtual object, we
add the grasping state flag bit to the virtual object. True indicates that the virtual hand has
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grasped the object, and false indicates that the virtual hand has not grasped the object;
We set the initial value of the grab status flag bits of all virtual objects in the scene to
false. The position, orientation and posture of the virtual hand are obtained by acquiring
the spatial position and orientation of the human hand and the angle values of each joint
from the SDT data glove and FOB electromagnetic tracker; Then, collision detection is
carried out to determine the grabbing status of virtual objects according to the grabbing
rules, set the grabbing status flag bit of virtual objects in combination with the current
grabbing status, and correspondingly realize the grabbing or releasing of virtual objects
[7].

The algorithm flow of the whole virtual hand grabbing virtual objects is shown in
Fig. 5.

L
[\ start

Measure the position of the hand
Recognizing gesture information

Update the position and gestures
of the virtual hand

N Coltision detection betweenvirtual _
~—hands and virtual objects—

__Whether the grabbing—__

he flag bit true _—

Virtual hand and virtual Virtual hand and
object disconnection virtual object fixation

Release virtual object Release virtual object
flag bit reset flag bit reset

Fig. 5. Flow Chart of Virtual Hand Grasping Virtual Objects

As shown in Fig. 5, the detailed steps of the virtual hand grasping algorithm are as
follows:

Step 1: execute actions according to assembly requirements; Obtain the value of the
electromagnetic tracker, that is, the absolute spatial position and orientation value of the
hand, obtain the value of each sensor of the data glove, and convert it into the corner
value of each joint of the finger.

Step 2: The computer calculates the parameters required for the motion of the virtual
hand according to the obtained spatial position and orientation values of the human hand,
as well as the rotation angles of the finger joints, and updates the position and gesture
of the virtual hand in the virtual operation space according to these parameters.
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Step 3: Collision detection between virtual hand and virtual object. If there is no collision
between the two, go to step 6; If there is a collision between the two, judge whether the
virtual hand and the virtual object meet the snatch conditions [8].

Step 4: if the snatch conditions are met, judge the marking position. If it is true, the
coordinate system of the virtual hand is fixed with the coordinate system of the virtual
object, the virtual object is grabbed by the virtual hand, and the virtual object pair
is translated and rotated with the virtual hand. Mark position 1, and turn to step 6;
Otherwise, go to step 6 directly.

Step 5: if the conditions for snatch are not met, judge the mark position. If it is true,
remove the connection between the virtual hand and the virtual coordinate system, release
the virtual object with the virtual hand, mark position 0, and turn to step 6; Otherwise,
go to step 6 directly.

Step 6: Refresh (redraw) the virtual environment and turn to step 1.

The above process details the whole process of teaching human-computer interaction,
which provides support for aeroengine teaching experiments.

2.3 Teaching Scene Stereoscopic Display Module

In virtual reality, stereoscopic display technology is one of the key technologies. It is
a necessary condition for a virtual reality based system. Without in-depth stereoscopic
visual effects, it is impossible to feel immersive, and it is also impossible to achieve
the goal of virtual reality. In order to generate stereoscopic images and enable users
to see high-quality stereoscopic effects, we need to conduct in-depth research on the
hardware implementation and software algorithm of stereoscopic display. This section
focuses on introducing the principle of human eye stereoscopic vision, so as to propose
a stereoscopic vision model, then analyze the generation of three-dimensional graphics
in the computer, and finally give an example of stereoscopic effects.

Because people’s eyes are a certain distance apart, the image of the same object in
the left and right eyes will be slightly different, and this difference will form the main
clue to judge the depth information of the static scene. Binocular parallax is actually the
angle difference caused by the binocular imaging of two objects with a certain distance
in the depth direction in space, and the calculation formula is

L
§ = 2[ arctan — — arctan (D)
2D

2D + AD))

In formula (1), § it represents an object O1 and O3 poor perspective; L is the distance
between pupils; D it indicates the distance between the object and the eye.
When D much greater than L Eq. (1) can be written as:

s~ L L  LAD
"D D+AD DD+ AD)

2

If the object O; object O3 be relative to O; the depth position of § the size of the
corner. In fact, the human eye cannot directly feel §. However, the vision system can get
the information of depth direction by comparing the position difference of the object
imaging on the retina. Binocular parallax is only effective in a small range in depth
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perception, which is generally considered to be 0—100. When the visual distance of an
object is less than 380mm, that is, when the angle of the object to both eyes is less
than a certain value, diplopia will occur, and the stereoscopic feeling cannot be formed.
This effect must be taken into account in the design of stereoscopic display to avoid the
stereoscopic image pair being difficult to fuse and thus unable to produce stereoscopic
sense [9].

Three algorithms are usually used to generate three-dimensional images in vision
systems: left and right eye view generation based on projection transformation prin-
ciple; Stereogram generation algorithm based on correlation theory; Fast holographic
imaging algorithm. The algorithm based on correlation theory is an improvement of the
algorithm based on projection transformation, and their basic principles are the same;
Fast hologram generation algorithm is the only image generation technology that can
provide all depth clues. It has high computing efficiency, but requires special hologram
imaging equipment. The principle of left and right eye view generation algorithm based
on projection transformation principle is briefly described below.

a. Single view perspective projection

Single viewpoint perspective is a single vanishing point perspective, which takes the
viewpoint as the projection center, and the line of sight starts from the viewpoint. Unlike
parallel projection, the line of sight is not parallel. The line of sight crosses the projection
plane and intersects the object. The intersection point with the projection plane is the
corresponding image point of the intersection point of the line of sight and the object.
The viewpoint of perspective projection is P.(x., ¢, Z¢), the projection plane is XOY
plane, a point on the body P(x, y, z) the projection of is Py (xy, ys, Zs), the expression is

Xs =Xc+(x—x) Xt
Ys =Y+ —y) xt 3
Zs=2Zc+ (@2 —2c) Xt

In Eq. (3), ¢ it refers to auxiliary calculation parameters, which are calculated by the
following formula:

z
t= <

“4)

Z_ZC

Substitute Formula (4) into Formula (3) to get the projection line equation, which is
expressed as

X = Xe—XZc
$ T -z

_ e ®)
ys  z—2zc

To facilitate the research, set the perspective projection viewpoint at Z negative half
axis, the distance from the origin is d, there are: x, = y. = 0, z. = —d, and substitute
it into formula (5) to obtain the final projection line equation, which is expressed as

Xo = xd
{ T ©
Vs = 75d
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b. Double viewpoint projection of left and right eyes

For stereoscopic images, it is required to generate different views relative to the left
and right eyes. Each eye observes the scene from different positions, so that two eyes can
see different pictures. These views are generated according to different projection centers
[10]. Set the coordinate system OXYZ as the world coordinate system, the projection
plane is located at Z = 0, and the distance between two eyes is e, the projection center
corresponding to the left view is L(—%, 0,—d ), the projection center of the right view
is R(%, 0,—d ), d Is the distance from the viewpoint to the projection plane.

Spot P(x, y, z) taking the left viewpoint as the projection center, the expression of
the projection point generated by projection onto the XQOY plane is

d,Ze
{XSL = = /2

¥ 5+d (7
YsL = 73q

In Eq. (7), (xsz, ys1) it represents a point P(x, y, z) the projection point generated by
taking the left viewpoint as the projection center and projecting it onto the XOY plane
[11].

Same P(x, y, z) the point takes the right viewpoint as the projection center, and the
expression of the projection point on the XOY plane is

d+%
{XSR =1 2

ﬁrd 3)
z+d

YsR

In Eq. (8), (xsr, ysr) it represents a point P(x, y, z) the projection point generated by
taking the right viewpoint as the projection center and projecting it onto the XQOY plane.

When the projection map is displayed on the CRT screen, the coordinates of the
projection point on the XOY plane need to be converted to the local viewport coordinate
system [12]. The coordinate axes of the left and right viewport coordinate systems
are parallel to the world coordinate system respectively, and the left viewport coordinate
system moves left along the X axis from the world coordinate system 5 the right viewport
coordinate system is moved right along the X axis from the world coordinate system 5
get. Thus, it is obtained that P(x, y, z) the coordinates of the left image point in the left
viewport coordinate system are (xi I y; L), P(x, y, z) the coordinates of the right image
point in the right viewport coordinate system are (x;R, v, R). Only the projection points
in the left and right viewports are displayed on the screen, and the contents in the whole
left and right viewports will be displayed in the same area of the screen. At this time,
the formula for calculating the relative distance between the two image points is

S:x;L—x;R=e<l— < ) )

So, point P(x, y, z) the image in the left and right eyes has a certain sense of distance
S, form parallax, and form stereoscopic sense through brain fusion. S the size of, which
affects the quality of image fusion, depends on the distance between two viewpoints
and the relative position of the object, projection center, and projection plane [13]. In
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practical applications, the size of the final screen display area should also be considered.
It is one of the key tasks of the stereoscopic display system to select the projection center
spacing according to the different sizes of the screen display area, so as to form a better
image fusion effect.

Through the design and development of the above three modules, the operation of
the aeroengine teaching system is realized, which provides effective support for the
aeroengine experiment teaching.

3 Design System Reliability Analysis

3.1 Selection of Virtual Instrument

In the virtual instrument system, hardware is only for signal acquisition, and software
is the key of the whole instrument. When the user’s test requirements change, or the
test items need to be added or reduced, the user only needs to change the software pro-
gram appropriately to get the test instrument system that meets the test requirements.
This is the meaning of the slogan “The Software Is The Instruments” put forward by
National Instruments, the initiator of virtual instruments. The software provides three
main functions: an integrated development environment, an advanced interface with
the instrument hardware, and a graphical user interface. The main software modules
include data acquisition, data analysis, data display, file management and report output.
The main development environments of virtual instruments include C, C++ Builder, VB,
Delphi, LabVIEW, LabWindows/CVI, etc. LabVIEW, which is a fully graphical special
development tool for virtual instruments, integrates a large number of instrument func-
tion modules internally. The development environment based on graphical programming
language G enables developers to focus only on instrument functions and liberate them-
selves from complex, tedious and time-consuming language programming. Compared
with the traditional programming method, using LabVIEW to design virtual instruments
can improve the efficiency by 4-10 times.

The design steps of LabVIEW are shown in Fig. 6.

The virtual instruments selected above are used as experimental equipment to
facilitate the subsequent experiments.

3.2 Analysis of Experimental Results

In order to intuitively display the reliability of the design system, the fluid real-time sim-
ulation system based on virtual reality technology and the physical laboratory teaching
system based on virtual reality technology are selected as comparison systems 1 and 2,
and the integrity of teaching scene display and the success rate of human-computer inter-
action in the teaching process are set as the evaluation indicators of system reliability.
The calculation formula is

Gtotal 10
K = X x 100% (10)

kloml

!Q:q—lxlOO%
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Fig. 6. Schematic diagram of LabVIEW design steps

In Eq. (10), Q it represents the display integrity of teaching scenes; K it represents
the success rate of human-computer interaction in the teaching process; g it represents
the display area of the teaching scene; g4 it represents the total area displayed in the
teaching scene; kj it indicates the number of successful human-computer interaction in
the teaching process; kyy,; it represents the total number of human-computer interactions
in the teaching process.

The display integrity of teaching scenes obtained through experiments is shown in
Fig. 7.
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Fig. 7. Schematic Diagram of Teaching Scene Display Integrity

As shown in the data in Fig. 7, under different experimental conditions, the complete-
ness of the teaching scene display was obtained by comparing System 1 with 30%—-80%,
and by comparing System 2 with 30%—70%. However, after the design and application of
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the system, the completeness of the teaching scene display was obtained by 40%—98%.
The completeness of the teaching scene display was much higher than that of Comparing
System 1 and System 2, providing more complete teaching scene support for aviation
engine teaching.

The success rate of human-computer interaction in the teaching process obtained
through experiments is shown in Table 3.

Table 3. Data sheet of human-computer interaction success rate in teaching process/%

Test conditions design system Comparison system 1 Comparison system 2
1 89 56 45
2 94 45 44
3 95 64 41
4 96 52 56
5 91 58 54
6 80 63 57
7 84 62 50
8 95 64 41
9 91 51 42
10 90 49 38

As shown in Table 3, under different experimental conditions, the success rate of
human-machine interaction in the teaching process obtained by comparing System 1 is
45%—-64%, and the success rate of human-machine interaction in the teaching process
obtained by Comparing System 2 is 38%—57%. Howeyver, the success rate of human-
machine interaction in the teaching process obtained by designing the system application
is 80%—-96%. The success rate of human-machine interaction in the teaching process is
much higher than that of Comparing System 1 and Comparing System 2, indicating that
the success rate of the method in this paper is relatively high, It can provide more stable
performance support for aviation engine teaching.

4 Conclusion

Virtual reality technology has become the fastest developing multidisciplinary compre-
hensive technology in the field of computer science. This technology can provide new
technical support for teaching development. However, the application research of this
technology in aviation engine teaching is relatively limited, and its reliability cannot be
guaranteed. Therefore, a reliability analysis study of aviation engine teaching systems
based on virtual reality technology is proposed. By combining aviation engine teaching
and experimentation with virtual reality technology, a visual simulation system for avi-
ation engine teaching and experimentation with high real-time, high interactivity, and



238 M. Qu and X. Zhang

deep immersion is designed, which intuitively displays the entire process of the engine
during operation. And through experiments, it has been verified that the design system
can greatly improve the completeness of teaching scene display and the success rate
of human-machine interaction in the teaching process, providing more effective system
support for aviation generator teaching.

Acknowledgement. School level project of Beijing Polytechnic, Project Name: Application of
virtual reality technology in aeroengine teaching (2022X007-SXZ).
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