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INTRODUCTION

The discipline “Computer Graphics” encompasses a wide range of human
activities related to the use of computer technology for creating, modifying, and
storing graphical images. Among its branches are artistic, advertising, scientific,
and other types of graphics, each having its own field of application.

For technical specialists — such as designers, technologists, and operators
across various sectors of industry — engineering graphics plays an essential role.
Its tools constitute integral components of almost all modern Computer-Aided
Design (CAD) systems. The most popular among them include AutoCAD,
Inventor, SolidWorks, CATIA, and several others. These programs enable the
construction of diverse computer-based geometric models and provide the
necessary means for generating images used in the development of relevant
objects and processes.

The purpose of this textbook is to provide bachelor’s degree students
majoring in Applied Physics and Nanomaterials with the competencies required to
solve professional problems using computer-aided engineering graphics; to master
the methods of projection drawing and the requirements of existing standards for
the development of technical documentation; to acquire skills in creating custom
software add-ins within Computer-Aided Design (CAD) environments; and to
develop competencies in the field of computer information technologies.

The content of this textbook includes three chapters: General Information on
Computer-Aided Engineering Graphics; Computer-Based Shape Generation in the
AutoCAD System; Automation of Constructions by Means of Visual Basic for
Applications.

The appendices contain the requirements for the preparation of drawings and
assignments for students’ independent work in automated contour creation,
projection drawing, and solid modeling.

The first part provides basic information on the hardware and image types
used in computer graphics, as well as on color representation methods. It presents
an overview of the processes of automated shape generation, relevant geometric
models (wireframe, surface, and solid), and methods for their construction, as well
as the prospects of computer-aided engineering graphics within modern CAD
environments.
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The second chapter describes the installation of the AutoCAD system,
analyzes its interface, and examines the basic commands for two-dimensional and
three-dimensional modeling. It explains the creation of such geometric entities as
points, lines, polylines, conic curves, splines, and others, as well as the necessary
procedures for their modification. It covers the performance of projection
drawings and the application of parametric constraints. The chapter includes
material on three-dimensional modeling — for example, the creation of primitives
(parallelepipeds, cylinders, cones, pyramids, spheres, tori, etc.), the use of
extrusion and revolution methods, Boolean operations, and editing of the
mentioned objects — and describes the development of design documentation.

The third chapter is devoted to the fundamentals of programming using
Visual Basic for Applications for automating the geometric modeling of various
figures and performing their modifications. It introduces the code editor, the basic
concepts of automation, data types, programming commands, and operators used
in this environment.

The base version of the CAD system selected for this textbook is AutoCAD
2023, chosen for two reasons: first, it provides sufficient functionality for
presenting the necessary educational material; and second, it requires less
powerful hardware compared to later versions of the software package. It should
be noted that the capabilities of subsequent releases remain practically unchanged
in the context of the issues considered herein.

For comparison with other relevant sources, the description of the AutoCAD
system on the official Autodesk website was chosen as a reference (see sources
[1-368]). This choice was determined by two main factors.

Firstly, it is important to train students to work efficiently with Internet-
based information resources related to specific CAD systems. The volume of such
data is significant, and the cited references represent only a small fraction of the
total available information.

Secondly, as indicated in the title of this textbook, its goal is to provide a
comprehensive presentation of computer-aided engineering graphics in the
AutoCAD environment, combined with the application of Visual Basic for
Applications tools to enhance the level of automation in design processes.
Unfortunately, there are no comparable publications by other authors that address
this combination of topics. The aspects emphasized above represent the main
distinctions of this textbook from other educational publications on similar
subjects.
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The presented list of references consists of two main sections. The first,
“AutoCAD 2023 Help” [1-190], includes information on tools available to end
users, while the second, “AutoCAD 2023 Developer and ObjectARX Help” [191—
368], provides material for developing custom software add-ins using Visual Basic
for Applications.

The exposition begins with a traditional approach explaining how to start
working in AutoCAD [1]. It should be noted that the subsequent material follows
the sequence of topics as presented on the official Autodesk website but in a
significantly condensed form, focusing only on aspects relevant to the objectives
of this textbook.

For the user, the introductory information includes an overview of the
program interface, procedures for creating new or opening existing models, and
the construction of basic geometric objects. Further sections present information
on the Quick Access Toolbar [2], the Ribbon [3], the Start Tab [4], the Status Bar
[5], workspaces [6], model templates [7], measurement units [8], panning and
zooming [9], the navigation bar [10], the ViewCube [11], visualization of three-
dimensional objects [12-14, 105, 116-123], coordinate systems [15, 16], object
snap tracking [17], object snaps [18-20, 22, 23], measurement of distances,
lengths, and angles [21, 24], calculation of areas and mass properties [25], creation
of geometric figures [26, 28-37, 89, 91-104, 111, 112], isometric drawings [27],
parametric models [38-49], object selection [50, 51, 107, 115], object
modification [52-67, 106, 108-110, 113, 114], object properties [68, 69, 71-73,
90], layers [70], annotation [74-81], dimensioning [82—87], hatching [88], model
printing [124-134], and system commands [135-190].

The developer-oriented information covers defining components in a Visual
Basic for Applications project [191], using the code window [192], creating new
macros [193], their execution [194-195], and editing [196]; project structure
[197]; accessing form-related code [198]; launching the Interactive Development
Environment[199]; introductory exercises [200]; terminology [201]; AutoCAD
Visual Basic for Applications Command Reference [202]; object hierarchy [203];
collections [204-207]; data [208, 209]; window management [210]; system
variables [211]; geometry updating [212, 213, 238]; working with object snaps
[214, 215]; area calculation [216]; user queries [217-220]; command-line access
[221]; file export [222]; object containers [223]; creation of specific figures [224—
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227, 240-244, 301-304, 321-326, 329-336, 345]; modification of their properties
[239, 245-253, 276, 305-308]; hatching [228, 229, 254, 255, 327, 328]; selection
sets [230-237]; text [256—-263]; model layers [264-272, 274, 277-279, 343, 344];
color management [273, 275]; dimensioning [280-293, 337-342]; menus [294—
297]; coordinates [298—-300, 346]; printing [309-315]; raster images [316, 317];
general Visual Basic for Applications information [318-320]; and specific
methods [347-368].

Thus, the approach presented in this textbook ensures both general
understanding of computer-aided engineering graphics — including the applied
technical and software tools — and detailed constructions within a specific CAD
environment, exemplified by AutoCAD. At the same time, special emphasis is
placed on developing students’ ability to effectively utilize official documentation
from the developer’s website and to increase the level of design automation using
Visual Basic for Applications.
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1. GENERAL INFORMATION ON COMPUTER-AIDED
ENGINEERING GRAPHICS

In the Introduction, it was noted that engineering graphics is widely used in
the work of many technical professionals, such as designers, technologists,
operators, and other specialists. In this respect, it differs significantly from other
types of computer graphics, including artistic, advertising, and scientific graphics.
However, all of these fields share certain common tools, such as the appropriate
hardware, types of computer-generated images, color modeling techniques, and
specific methods and approaches to geometric constructions. These invariant
components constitute the subject of a brief overview presented in this chapter of
the textbook.

1.1. Technical Equipment

The hardware tools of computer graphics include devices used to create,
visualize, edit, and document graphical images — that is, to produce hard copies.
There exists a wide variety of such tools, among which the most common are
graphic displays, keyboards, computer mice, other pointing devices, scanners,
digital cameras, video cameras, plotters, printers, and others.

Graphic displays (monitors) are divided into vector and raster types. They
provide temporary images on the screen that can be modified as required.

Modern computers employ color displays that reproduce graphics using
cathode-ray tubes, gas-discharge (plasma), electroluminescent, liquid crystal
(LCD), and other types of panels. The main technical characteristics of monitors
include screen size, pixel count (raster resolution), minimum pixel dimensions and
spacing, refresh rate, and the number of reproducible colors.

Keyboards are sets of keys marked with specific symbols (such as those of a
standard typewriter, cursor control, and functional keys) designed for entering
both textual and graphical information into a computer.

Computer mice are devices used for dynamic control of data displayed on
the screen. The main element of a mechanical mouse is a ball located inside a
casing convenient for user manipulation. The movement of the casing is tracked
by the corresponding movement of the cursor on the screen. The mouse buttons
allow the user to select desired objects. Nowadays, optical mice, in which most
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mechanical components have been replaced by optical sensors, are the most
widespread.

Trackballs are essentially inverted mice, where the ball is rotated directly by
the user’s hand rather than by moving the casing. In laptops (portable computers),
touchpads are used, which translate the movement of the fingers into
corresponding cursor motion on the screen.

Scanners are devices that convert graphical images from paper or similar
media into electronic form.

Existing software provides a user-friendly interface between digital cameras
and video cameras and computer systems.

Previously, to produce large-format drawings, vector pen plotters of flatbed
or drum type were widely used. Currently, printers, including large-format ones,
are employed to produce hard copies of images, with inkjet and laser printers
being the most common. The key characteristics of these devices include print
area size, capability for both monochrome and color printing, print quality, and
printing speed.

At present, multifunctional devices that combine several units — such as a
scanner and a printer — have become very popular.

1.2. Types of Computer Images

A person obtains the greatest amount of information about the surrounding
world through vision. Other senses — such as hearing, touch, and others — merely
complement the overall perception of objective reality. Therefore, visual
perception of information is generally the most effective for humans. This is why
graphical representation has become an essential component of virtually all
modern Computer-Aided Design (CAD) systems, and an appropriate graphical
interface has become a software standard, extending even to operating systems,
such as Microsoft Windows.

Two main types of computer-generated images can be distinguished
according to their method of formation: raster and vector images.

1.2.1. Raster Graphics

On a monitor screen, an image is represented by a set of discrete points —
pixels — of circular, square, or other shapes. The total number of pixels forms a
rectangular grid of size (n+1)x(m+1), where 0 ... n and O ... m are, respectively,

15



the row and column indices of the current pixel; each pixel may have its own
color. Such a matrix covering the entire display is called a raster; hence the name
of these images, whose principal drawback is the large memory requirements
needed to achieve high quality.

Raster graphic information is produced by scanning, by digital cameras and
camcorders, by specialized software, and in the process of printing on different
types of printers. For its processing, appropriate graphics editors are used,
allowing results to be saved in different file formats (GIF, JPEG, PNG, TIFF,
etc.), each with particular advantages and limitations. A detailed discussion of
these formats lies beyond the scope of this textbook.

1.2.2. Vector Images

Unlike raster graphics, which represent matrices of points, vector images are
based on lines that possess specific attributes or properties, such as thickness, style
(solid, dashed, etc.), color, and others. Additionally, for closed contours, it is
possible to fill the enclosed areas with desired shades, textures, or similar
features.

Thus, in vector graphics, an image is a collection of geometric primitives
(points and lines) described by corresponding analytical expressions in vector
form. As a result, the required computer memory is significantly reduced and does
not depend on the absolute dimensions of the modeled figures.

The advantages of vector graphics also include:

— Suitability for scaling without loss of image quality, which allows for the
refinement of small details.

— Convenient and efficient editing due to the manipulation of individual
primitives.

These features are particularly important for modern Computer-Aided
Design (CAD) systems.

The main disadvantage of the vector approach lies in its limited capabilities
for producing artistic or photorealistic images.

1.3. Use of Color

In nature, colors are formed either by light-emitting objects or as a result of
the absorption and reflection of light by the objects surrounding us. The different
wavelengths of light are perceived by humans as specific colors.
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1.3.1. RGB Model

This method is based on the ability of the human eye to recognize radiation
of three primary colors — red (R), green (G), and blue (B). The specific coloration
of objects arises from the brain’s analysis of the relative excitation levels of the
corresponding visual receptors. The RGB model is widely used for generating the
required color palette in technical devices that create graphical images by means
of emitted light (for example, in computer displays).

One of the methods for implementing this approach is as follows: each pixel
on the screen consists of three subareas — red, green, and blue — and the perceived
color depends on the balance of their intensity levels. If all three components are
equal to zero, the result is black; when all reach their maximum values, the result
IS white.

By mixing red and green, we obtain yellow, and by mixing red and blue —
magenta (violet). Thus, a certain color C can be represented by the radius vector
C (R, G, B) in a rectangular coordinate system Orgb, where O is the origin, and r,
g, and b are the axes corresponding to the intensities of red, green, and blue
components, respectively.

In this representation, the direction of the vector C defines the chosen color,
while its length determines the color’s intensity. If color encoding is performed
using three bytes per pixel (that is, eight bits each for R, G, and B), the brightness
of every component takes values from 0 to 255 (28=256).

This provides the ability to display on the monitor screen more than 16
million colors (256x256x256).

Since the resulting brightness increases with the addition (mixing) of the
component intensities, the RGB model is referred to as an additive color model.

1.3.2. CMY Method

This method is based on the absorption of portions of white sunlight by non-
luminous objects that do not emit light themselves. Since white light contains all
colors, the resulting color of an object depends on which wavelengths are reflected
and which are absorbed.

In the CMY model (Cyan, Magenta, Yellow), the main colors are obtained
by subtracting the primary additive colors of the RGB model from white: Cyan =
White — Red, Magenta = White — Green, Yellow = White — Blue.
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Hence, the CMY method utilizes the property of subtracting certain colors
from white light, which is why it is referred to as a subtractive color model. It
provides excellent color perception in reflected light, making it widely used in
printing technologies. In practice, obtaining black by mixing other colors is costly
and inefficient; therefore, black ink (K — blacK) is added as a fourth component,
resulting in the CMYK model.

Color reproduction is not limited to the RGB and CMY methods; there are
also other approaches, which can be studied in specialized literature.

1.4. Application Software for Computer Graphics

According to the types of images discussed in Sections 1.2.1 and 1.2.2,
corresponding graphic software packages can be conventionally divided into two
classes: raster and vector. It is important to understand their main distinctions,
advantages, and disadvantages.

An image generated by a raster graphics package typically consists of a
large number (hundreds of thousands or more) of pixels, each of which can have
an arbitrary color (usually chosen from more than 16 million possible shades). As
a result, the quality of raster images is quite high and corresponds well to
photographic representations of real-world objects. However, in addition to their
large memory requirements, raster programs have the disadvantage of being
complex and time-consuming to edit, often requiring users to possess certain
artistic skills. Examples of raster graphics packages include Microsoft Paint,
PhotoFiltre, Adobe Photoshop, and others.

In vector graphics software, the definition of geometric objects is based not
only on pixel coordinates but also on mathematical equations. This allows for easy
manipulation of geometric primitives (points, lines, text, etc.), changing their
shape, size, position, and such attributes as color or line style. These operations are
performed with high precision. Vector programs form the foundation of graphics
in modern Computer-Aided Design (CAD) systems, one of which is AutoCAD,
whose application is the subject of this textbook.

1.5. General Description of Computer Geometric Modeling

The representation of objects and processes by graphical means, that is,
geometric modeling, usually occupies a central position in modern Computer-
Aided Design (CAD) systems. This is because the parameters of shape,
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dimensions, and position are extensively used in the design, manufacture, and
operation of various types of technical products.

For example, geometric data are required for finite element strength
analysis, preparation of engineering drawings, and manufacturing on computer
numerical control (CNC) machines, among many other applications. In what
follows, the main approaches, terminology, methods, and techniques of modern
computer geometric modeling are considered.

1.5.1. Fundamental Concepts

In almost all modern Computer-Aided Design (CAD) systems, it is possible
to work with wireframe, surface, and solid geometries. Historically, the first to
appear were wireframe models, which consist of points and lines. The main
disadvantage of these models lies in the ambiguity of the constructed objects
between the elements of the wireframe. As a result, calculations of such
characteristics as area, volume, mass, and center of gravity are often inaccurate.
However, their advantage is the simplicity of the underlying mathematical
framework and the low computational requirements (processor performance,
computer memory, etc.).

Surface models are more advanced, since, in addition to points and lines,
they also include various surfaces. The main shortcoming of these models is their
inability to effectively simulate real physical bodies and their numerous properties.

Solid models are currently the most advanced, because, on the one hand,
they partially generalize the two approaches discussed above, and on the other,
they allow sufficiently realistic representation of objects and phenomena of the
surrounding world. These achievements are the result of modern advances in
applied geometry and computer technology.

At present, the most popular area of application of computer solid modeling is
the design, manufacturing, and operation processes in many branches of industry.

1.5.2. Geometric Objects

In Computer-Aided Design (CAD) systems that operate with solid models,
the basic geometric figures are conventionally divided into four groups:

— Points, which are the smallest elements, have no dimensions, and are
characterized only by their location in space.
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— Lines, which are considered as the trajectories of moving points. The
defining property of these components is their length. Lines lying in the same
plane are called planar, otherwise they are spatial.

— Surfaces, which are generated by the movement of certain lines, often
changing shape during motion. The main characteristic of surfaces is their area/

— Solids, whose principal distinction from the geometric figures analyzed
above is the presence of volume.

1.5.3. Construction Methods

This section provides a brief overview of the most common methods used in
modern Computer-Aided Design (CAD) systems to define the geometric objects
described above.

Points can be defined by their coordinates (Cartesian, spherical, cylindrical,
etc.), by their location parameters on lines or surfaces, or by characteristic
positions on geometric objects (for example, the center of a figure or the
intersection of certain primitives).

Lines are created using the corresponding equations, through interpolation,
approximation, or extrapolation of point sets; by moving points along trajectories;
by calculating surface intersections; by joining curves, and by other similar
techniques.

Surfaces are defined through their analytical expressions, by interpolation,
approximation, or extrapolation of source points and lines, or by kinematic
methods — that is, by changing the position, shape, and size of curves in space.

Solids are modeled using predefined primitives (prisms, cylinders, cones,
spheres, tori, etc.), by applying set-theoretic operations (union, subtract, intersect),
by generating thickness for selected surfaces, by extruding or moving them in
space, and through other methods.

A universal technique for constructing elements of all four groups is the
modification (change in shape, size, or position) of already existing geometric
objects. It should be noted that using this approach, simpler components can be
derived from higher-level entities — for example, surfaces and curves from a solid,
or points from a line.

At present, the most common practice in CAD systems is the use of
geometric objects in parametric form. This applies not only to individual
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primitives such as lines, surfaces, and solids, but also to more complex structures,
for instance, machine parts. In this case, the engineer defines the shape and
dimensions of the created objects using parameters and constraints. Purposeful
variation of these parameters allows the designer to automatically generate
multiple versions of the studied objects and to perform their optimization. This
approach is known as parametric modeling.

1.6. Emerging Trends and Directions of Computer Graphics Application
in Modern Computer-Aided Design Systems

Several decades ago, engineering drawings were practically the only
effective means of conveying geometric information about technical products.
Spatial data were represented through the projections of objects onto specific
planes. Thus, the designer, having formed a three-dimensional concept of the
object in their mind, would create its projections, sections, and cross-sections on
paper. Only in this way could the engineer’s intent be understood by others. This
was a rather labor-intensive process — from the mental spatial model to its two-
dimensional representation. Accurate interpretation of drawings, especially of
complex technical objects, also required significant effort and professional
training.

The emergence of the first two-dimensional (2D) Computer-Aided Design
(CAD) programs, the most well-known of which was AutoCAD, allowed
designers to abandon the drawing board and to develop technical documentation
efficiently with the help of a computer. However, the need to depict the three-
dimensional world in a flat form still remained. Modern three-dimensional (3D)
CAD systems — such as SolidWorks, CATIA, and others — now enable users to
work with solid geometric models that realistically reproduce the actual technical
objects under development.

In addition to CAD packages, Computer-Aided Design systems also include
CAE (Computer-Aided Engineering) software for engineering analysis, such as
ANSYS, NASTRAN, and others. These products are considered global standards
for strength analysis, thermophysical studies, electromagnetism, and the dynamics
of fluids and gases. Like CAD programs, CAE systems also rely on geometric
models, which can be created using primitives such as points, lines, surfaces, and
solids, or imported from other environments. There is a consistent modern trend
toward the integration of CAD and CAE systems.
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Due to their high-quality visualization capabilities, Computer-Aided Design
systems allow designers to create realistic virtual prototypes of industrial products
instead of much more expensive physical prototypes.

A natural development is the integration of CAD/CAE packages with CAM
(Computer-Aided Manufacturing) systems for automating the production of
technical objects. In this case, computer-based geometric models serve as the
foundation for manufacturing processes, enabling the use of numerically
controlled machines, robots, and other automated tools.

The further development of CAD/CAM/CAE tools is closely connected with
PDM (Product Data Management) and PLM (Product Life-Cycle Management)
technologies, which ensure optimal automated management of the entire product
life cycle — including design, production, and operation.

The associative relationship between three-dimensional models and
drawings makes it possible to generate a significant portion of design,
technological, and other documentation automatically.

A characteristic feature of modern Computer-Aided Design systems is their
user-friendly graphical interface, comprehensive documentation, and openness,
meaning that wusers are provided with powerful software tools for
implementing their own data-processing algorithms. This includes the Visual
Basic for Applications environment, whose practical use is demonstrated in this
textbook.

Thus, computer-based geometric models occupy a special place in modern
Computer-Aided Design systems, as they form the basis for solving a wide range
of problems associated with the development, manufacturing, and operation of
various industrial products.

1.7. Conclusions

This chapter of the textbook provides general information on computer-
aided engineering graphics, including the relevant hardware tools, types of images,
color reproduction models, and application software used in this field. Basic
information is presented concerning the principal methods for constructing various
geometric figures, as well as promising directions in the development of computer
graphics within modern Computer-Aided Design (CAD) systems. The issues
analyzed in this chapter make it possible to perceive the subsequent learning
material comprehensively, that is, from the standpoint of a system-based approach.

22



Control Questions

1. Describe the purpose of computer-aided engineering graphics and
provide several examples of its effective practical applications.

2. List the main technical tools of modern computer graphics and explain
their basic operational functions.

3. Explain the principal difference between raster and vector graphics, as
well as their advantages and disadvantages.

4. Discuss the mathematical models of color reproduction and the areas of
their rational application.

5. Give a brief overview of several computer graphics software packages.

6. Define the fundamental theoretical principles of modern automated
geometric modeling.

7. Classify geometric figures by dimensionality and describe the main
construction methods used in current Computer-Aided Design systems.

8. Characterize wireframe, surface, and solid models, outlining their
advantages and disadvantages.

9. Substantiate the special role of geometry in the integration of
CAD/CAM/CAE systems.

10. Explain, using specific examples, the essence of parametric computer
models.

11. Prove the importance of providing CAD users with efficient software
tools for applying their own algorithms in practice.

12. Identify some prospects for further development of computer-aided
engineering graphics and justify your statements.
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2. COMPUTER-BASED SHAPE MODELING IN THE AUTOCAD
SYSTEM

2.1. Getting Started

As noted earlier, this textbook considers the AutoCAD 2023 version, which
Is installed from the official website of the software developer — Autodesk.
Students and educators can obtain free educational access to Autodesk products
and services for a certain period, with the option to renew it. Instructors can add
students to their license if the students have their own Autodesk accounts
registered on the specified website.

2.1.1. Computer Requirements

Prior to installing AutoCAD 2023, users should consult the official
Autodesk website for up-to-date hardware and software requirements. The listed
specifications define the necessary operating system, CPU type, memory size,
display resolution, graphics adapter performance, and input devices to ensure
optimal program operation.

2.1.2. AutoCAD Files

In AutoCAD, a model is stored in a DWG file, which not only contains
geometric data but also a set of parameters that define measurement units, object
properties, and other settings. By default, AutoCAD uses the .dwg (drawing) file
format. File names may include letters (uppercase or lowercase), numbers, and
specific symbols such as —, , and !. Template drawings are saved with the .dwt
extension, while specialized exchange formats are available for compatibility with
other CAD systems.

2.1.3. Starting the Program

In Windows, AutoCAD 2023 can be launched from the desktop shortcut or
the Start menu.

Upon startup, the Start window (Fig. 2.1) appears, providing quick access to
recent files, templates, and learning resources.
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Fig. 2.1. AutoCAD 2023 Start window

The Start tab (Fig. 2.2) displays the Recent area with the most recently
opened drawings.

Using the Open menu (Fig. 2.3), users can open existing projects from
the file system, load a sheet set, or explore sample drawings provided by
AutoCAD.

‘ Open... v
‘ New w
Recent

Autodesk Docs

Learning

Fig. 2.2. Start tab
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Using the Open menu (Fig. 2.3), users can open existing projects from
the file system, load a sheet set, or explore sample drawings provided by
AutoCAD.

Open... v

Open files...

Open a sheet set...

Explore sample drawings...

Fig. 2.3. Open command options

The New menu (Fig. 2.4) is used to create a new drawing based on a
selected template. For first-time users, the acadiso.dwt template is recommended —
it complies with 1SO (International Organization for Standardization) standards,
applies millimeters as default units, and uses the A3 sheet format. Additional
templates can be browsed or downloaded online, and users may also create sheet
sets to manage multiple drawings within a project.

New W

TEMPLATES
acadiso.dwt
Browse templates...

Get more templates online...

SHEET SETS

Create sheet set...

Fig. 2.4. The New menu for creating a new drawing

The Learning section (Fig. 2.5) provides users with access to a variety of
educational resources aimed at improving their proficiency in AutoCAD. It
includes short tips offering practical advice and examples of commonly used
features, instructional videos demonstrating step-by-step procedures for
performing key operations, and interactive tutorials that guide users through the
interface and fundamental drawing techniques.
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This section serves as a convenient starting point for both beginners and
experienced users seeking to enhance their skills or explore new tools introduced
in the latest version of the program.
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Fig. 2.5. Learning window with educational resources in AutoCAD 2023

Links in the information block (Fig. 2.6) lead to official Autodesk online
resources: What’s New, Online Help, Community Forum, Customer Support, and
AutoCAD’s mobile and web applications.

What's new

Online help
Community forum
Customer support
AutoCAD mobile app

AutoCAD web app

Fig. 2.6. Information and resource links block
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2.2. AutoCAD Interface

Once a new drawing is created based on the acadiso.dwt template,
AutoCAD opens the main graphic workspace of the editor.

The default layout and interface elements of this workspace are illustrated in
Fig. 2.7.
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Fig. 2.7. Main interface elements of the AutoCAD 2023 graphic editor window:

1 — Application Menu; 2 — Quick Access Toolbar; 3 — Drop-down Menu;

4 — Ribbon Tabs; 5 - Tool Panels; 6 —Window Title Bar; 7 — Command lcons;
8 — Quick Search; 9 —ViewCube; 10— Navigation Bar; 11 — Coordinate System;
12 — Crosshair Cursor; 13 — Command Line; 14 — Status Bar;

15 — Workspace Switching Menu; 16 — Status Bar Customization

The window displays the interface elements provided by the Drafting &
Annotation workspace, which is set as the default environment. AutoCAD
provides several predefined workspaces:

— Drafting & Annotation — for two-dimensional modeling;

— 3D Basics — for basic three-dimensional modeling;

— 3D Modeling — for advanced three-dimensional design.
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2.2.1. Drawing area

The central region of the interface illustrated in Fig. 2.7 is known as the
drawing area, where all created and edited objects are displayed.

The mouse cursor in this workspace appears as a crosshair with a small
square at the center, allowing precise positioning of elements during drawing and
editing. In the lower-left corner of the area, the User Coordinate System (UCS)
icon indicates the current orientation of the coordinate axes.

Along the right margin of the workspace are located the ViewCube, which
enables interactive 3D view manipulation, and the Navigation Bar, providing
quick access to panning, zooming, and orbiting tools (see Fig. 2.8).

In the ViewCube interface, the label WCS (World Coordinate System)
appears to indicate that the model is oriented according to the global coordinate
system, which serves as the fixed reference for all objects within the drawing. The
WCS establishes the fundamental X, Y, and Z axes and the origin point (0, 0, 0)
that remain constant throughout the project.

In addition to this global system, users can create User Coordinate Systems
(UCS) that allow flexible manipulation of the drawing plane — useful for
constructing geometry on inclined or rotated surfaces. When a UCS is activated,
the ViewCube dynamically updates its orientation, while the WCS indicator
continues to provide a visual reference to the original global coordinates..
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Fig. 2.8. ViewCube and Navigation Bar

In Fig. 2.8, the Navigation Bar contains several tools for managing the view
of the drawing and navigating within the 3D workspace:

_ — Full Navigation Wheel — a multifunctional interface that integrates
several 3D navigation tools.
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./ — Pan — shifts the current view parallel to the drawing plane.
»5, — Zoom Extents— adjusts the zoom level so that all visible objects fit
within the window.

%> — Orbit — enables free rotation of the model in 3D space.
> — Show Motion — controls camera animation and playback.

The Full Navigation Wheel groups several 3D navigation tools and is
primarily intended for advanced users. The Show Motion tool allows control over
stored camera views (shots) and enables the creation of animations that provide a
comprehensive view of the existing geometric model.

2.2.2. Application Menu

Previously, several methods for creating a new drawing [E3EE upon
starting AutoCAD were described. During an active session, users can perform
various file operations — such as creating, opening, saving, exporting, publishing, or
printing drawings — through the Application Menu (see Fig. 2.9). This menu is
accessed by clicking the Application button located in the upper-left corner of the
AutoCAD window and provides a convenient central hub for managing project files.

The tools available in the Application Menu allow users to perform essential
file operations such as creating a new drawing (New), opening an existing one
(Open), saving the current project under its existing name (Save) or a new name
(Save As), importing data from other formats (Import), exporting drawings to
different file types (Export), publishing drawing sets (Publish), printing documents
(Print), and closing the current file (Close).

In addition to these commands, the menu contains a search field for finding
specific commands or documentation topics, as well as buttons to open the Options
dialog box and to exit AutoCAD.

The Options dialog box (Fig. 2.10) provides a comprehensive environment for
customizing and managing the program’s behavior. It consists of ten tabs — Files,
Display, Open and Save, Plot and Publish, System, User Preferences, Drafting, 3D
Modeling, Selection, and Profiles. Through these tabs, users can precisely configure
how AutoCAD appears and performs.

The Files tab defines search paths for template files, support folders, and
automatic save locations, ensuring correct file management within projects.
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The Display tab controls the visual appearance of the workspace, allowing
users to select between light and dark color themes, specify toolbar and ribbon
display options, and adjust the smoothness of curves and rendered objects.
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Fig. 2.9. Application Menu for file management operations

The Open and Save tab manages file handling parameters, such as the
default drawing format, automatic save interval, and number of backup files
retained by the system.

The Plot and Publish tab contains settings for plotter configurations, page
setups, and publishing options, making it possible to manage multi-sheet output or
generate PDF documentation.

Within the System tab, users can enable or disable hardware acceleration,
control display performance, and specify general system behaviors to improve
program responsiveness.

31



The User Preferences tab allows customization of the crosshair size,
grip appearance, command input behavior, and other interactive interface
elements.

The Drafting tab defines drawing aids such as object snaps, tracking modes,
and polar alignment, which enhance precision when creating or editing geometry.

The 3D Modeling tab provides access to visual styles, rendering quality, and
lighting effects, which influence how three-dimensional objects are displayed and
manipulated.

The Selection tab regulates how objects are highlighted, selected, and
previewed before modification, improving control during editing.

Finally, the Profiles tab allows users to create, save, and switch between
different workspace configurations, making it easy to maintain personalized
AutoCAD environments for various design tasks.
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Fig. 2.10. Options dialog box
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2.2.3. Quick Access Toolbar

At the top of the AutoCAD window is the Quick Access Toolbar (see
Fig. 2.11), which contains general file management commands:

[ — New, H — Save, EZ — Save As, & — Open,
as well as editing commands such as:

& — Undo, @ — Redo,
which reverse or repeat the most recent actions.

This toolbar can be customized according to the user’s preferences by
adding or removing commands as needed.

The Customize Quick Access Toolbar button allows the user to display or
hide specific tool menus available in AutoCAD (see Fig. 2.11).

DmCEHBL 88 - - B BRE]a s

Customize Cuick Access Toolbar
o Mew
+ Open
“ Save

Home  Insert  Annotate  Parametric View  Manz

v Save Az,
v Open from Web & Mobile
' Save to Web & Mohile
+ Plaot
+ Undo
v Redo
v Match Properties
+ Properties
Batch Plot
Layer
Plot Preview
Render
Sheet Set Manager
Workspace
Meore Commands..,
Show Menu Bar
Show Below the Ribbon

Fig. 2.11. Quick Access Toolbar with the customization menu open
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The drop-down menu is displayed below the Quick Access Toolbar (see
Fig. 2.12), i.e., above the Ribbon tabs.

MDBEED E[E:]“":" 'I;E-!q7'ﬂ5herr;

File  Edit  View Inset Format Tools  Draw  Dimension  Meodify  Parametric  Window  Help  Express

Home  Inset  Annotate  Parametric  View Manage Output  Collaborate  Express Tools -

Fig. 2.12. Middle row of the drop-down menu

This menu is often referred to as the traditional menu, since its structure
corresponds to that of earlier AutoCAD versions. It provides access to a more
comprehensive list of commands and parameters than the Ribbon interface. The
MENUBAR system variable is used to control its visibility: setting it to (0) hides
the menu bar, while setting it to (1) displays it.

2.2.4. Ribbon

Directly above the drawing area is the Ribbon (see Fig. 2.13), which contains
tools and commands related to the current workspace. The Ribbon eliminates the need
to display multiple floating toolbars, thereby maximizing the available drawing space.
It provides a structured and visually organized interface that groups commands into
tabs and panels, making it easier to access frequently used tools. The Ribbon is
displayed automatically when creating a new drawing or opening an existing one in
any of the following workspaces: Drafting & Annotation, 3D Basics, or 3D Modeling.

Panel button Tab

mrEBBE‘ U &< - E B o shae
Insert  Annotate Parametric View Manage Output Collaborz

\ . DU ")..:i /'/--" 1 - <> Move C) Rotate 3§ Trim -

¢ ol o3 ; N — =
=¥ Co I\ Mirror Fillet ~

Line [Polyline Circle Arc O_D Py i\ i (]l

’ EZI ' D—o_l' Stretch {’jj Scale Sg A”ay X @

—:: ui’tj‘tn |>”ﬁ‘[ -

CIE
B <
k-
U

13 Draw

/

Panel title
Fig. 2.13. Ribbon elements
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The Ribbon consists of panels organized into tabs such as Home, Insert,
Annotate, and others. Each panel contains related tools and control elements. The
name of each panel is displayed at the bottom, and a small arrow (triangle) in the
panel title indicates that it can be expanded to show additional tools
(see Fig. 2.13). If the mouse cursor is moved away from the expanded panel,
it automatically collapses back to its minimized state. The pin 41 icon allows
users to keep the panel expanded for continuous access to its tools.

The appearance of the Ribbon can be adjusted by minimizing it to tabs,
panel titles, or panel buttons, as shown in Fig. 2.14. The control button for this
feature is located at the far-right end of the Ribbon tab bar.

[«] =
«  Minimize to Tabs
Finimize to Panel Titles

Minimize to Panel Buttons

Cycle through All

Fig. 2.14. Ribbon display control options

The Ribbon can also be hidden or restored by pressing the keyboard shortcut
Ctrl + 0.

2.2.5. Command Window

At the bottom of the AutoCAD window is the Command Line area (Fig. 2.15),
which is used to enter commands and specify parameters during interaction with
the system. The command line can be toggled on or off using the Ctrl + 9
keyboard shortcut. Its length can be adjusted by dragging the right edge, and the
entire window can be moved by dragging the grip icon located on its left side I*.

By dragging the upper edge of the command window upward, the Command
History expands to display a list of previously executed actions (see Fig. 2.16).
The same result can be achieved by pressing F2 or clicking the arrow icon at the
right side of the command line (refer to Fig. 2.15).

Fig. 2.15. Command Line window
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Command :

Specify corner of window, enter a scale factor
(nX or nXP)}, or
[All/Center/Dynamic/Extents/Previous/Scale/
Window/Object] <real time>:

Command: *Cancel®*
Command: *Cancel®

Command: <Switching to: Modelx
Regenerating model.
Command: <Grid off:

Fig. 2.16. Text window displaying the command history

Commands and their options can be entered directly in the Command Line,
without using the Ribbon, toolbars, or menus. It is sufficient to start typing the name
of a command and select it from the suggested list that appears automatically. When
working through the Command Line, default values are displayed in angle brackets.
To accept a default value, press Enter.

To choose an option from a list, move the cursor over the desired item and
click the left mouse button. Pressing Enter confirms the selected parameter or
completes the current command. To repeat the last executed command, simply press
Enter at the prompt Type a command.

2.2.6. Model Space and Layout Tabs

AutoCAD provides two primary working environments: Model Space and
Layout Space. Model Space is an unlimited 3D workspace where the geometric
modeling of objects is performed. The Model tab is active by default.

Layout Space, on the other hand, is a 2D environment intended for creating
drawing sheets. Within this space, users prepare scaled viewports of the model for
printing on a specific sheet size. It is also used to add title blocks, specifications,
tables, and other required documentation elements.

The Model and Layout tabs bar (see Fig. 2.17) is located below the drawing
area, on the left side. A new drawing contains three tabs by default — Model,
Layoutl, and Layout2 — along with a plus (+) button that allows users to create
additional layout sheets.

All geometric construction and modeling are carried out in the Model
environment.

36



L .

{

Model Layout1 Layout? +

Fig. 2.17. Model and Layout tabs

2.2.7. Status Bar
Below the Command Line is located the Application Status Bar (see Fig. 2.18).
mooeL # i v P L G\ -AH-FEmI - DB [RKA 1 # -+ Eveimal - B QIS
Fig. 2.18. Status Bar (default component layout)

The Status Bar contains a set of buttons that enable or disable specific
drawing modes, activate auxiliary tools, and display relevant information about
the current workspace.

By default, the Status Bar includes the following components:

—Workspace indicator showing the name of the active environment (Model
or Layout).

# — Grid Display — toggles the display of the drawing grid on and off.

— Snap Mode — turns cursor snapping to the grid on or off (defines the step
of cursor movement).

FLe-\-EO-=w
essential toggles:

— Drawing Modes Group, which includes several

— Infer Constraints — automatically applies geometric constraints when
creating or editing objects,

— Ortho Mode — restricts cursor movement to horizontal or vertical
directions along the Cartesian axes.

— Polar Tracking — limits cursor movement to specified angular
increments.

— Isometric Drafting — enables isometric 3D object representation
aligned with one of the three primary isometric axes. The drop-down list allows
the user to select the isoplane for axonometric projection (see Fig. 2.19).
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« b, isoplane Left
= isoplane Top

A4 isoplane Right

Fig. 2.19. Isoplane selection list for isometric projections

| — Tracking (Object Snap Tracking) — enables or disables cursor tracking
along alignment paths based on object snap points.

— Object Snap (OSNAP) — turns on or off precise snapping to key
points of geometry, such as endpoints, midpoints, or centers.

=] - Lineweight — displays or hides line thicknesses on the screen.
— Selection Cycling — enables or disables the ability to select overlapping
objects. When multiple objects are found under the cursor, an icon = appears

indicating that several selectable entities are available. Right-clicking opens the
Selection window with the list of overlapping objects (see Fig. 2.20).

B Rotated Dimension ~

B Rotated Dimension
B Linc
B Ac v

Fig. 2.20. Selection window listing overlapping objects

To choose the desired object in the Selection window, hover the cursor over
its name and click the left mouse button.

G ~ 7 ~|A&|~ |—The group of buttons is intended for 3D modeling, where:

7 ~|—3D Object Snap (3DOSNAP) — enables or disables snapping to 3D
reference points.

— 3D Object Snap Filter — activates or deactivates filtering of 3D
elements and viewports:

i1 Vertex| — Vertex points.

— Edges.

W Face|— Faces
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|g}‘ Solid History | — controls the display of history for composite solids

g Drawing View fd . .
= Component |~ manages components of drawing VIEWS.

The filtering function can be disabled using the Shift+F1 key combination.

@& ~|— Gizmo — provides graphical dynamic controls for moving, rotating,
and scaling 3D objects relative to coordinate axes and planes.

Xl A 11~ |- Annotation Scale and Visibility — a group of buttons that
control annotation display and scale settings.

£ ~|— Workspace Switching — allows changing the current workspace.

— Annotation Monitor — enables or disables the display of non-
associative dimensions.

E Decimal ~|— Units — opens the list of measurement units used in the drawing.

— Quick Properties — toggles the display of the Quick Properties
window, which appears automatically next to a selected object, showing its main
parameters (see Fig. 2.21).

Line - E :
Color B GyLayer
Layer KOHTY[D
Linetype ——  Bylayer
Length
-l

Fig. 2.21. Quick Properties window

2 - |— Lock/Unlock Ul — locks or unlocks interface elements to prevent
accidental repositioning.

— Isolate Objects — temporarily hides unselected objects or restores
previously hidden ones when toggled.
[« *] — Clean Screen — hides interface elements to maximize the drawing

area.

E — Customization — opens a drop-down list of all available Status Bar
buttons; active ones are marked with checkboxes.
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To add or remove specific functions, simply click the left mouse button on
the corresponding name in the Customization menu of the Status Bar. Active
modes are highlighted with a frame and a light blue background. In addition to the
previously mentioned options, the Status Bar allows users to include the following
modes and functions:

50.0000, 50.0000, 0.0000 — Coordinates — displays the current cursor coordinates,
which can be static or dynamic, showing either linear or angular values. In the
static mode, the coordinates are updated only when a specific point is selected,
while in the dynamic mode they change continuously as the cursor moves.

— Transparency — adjusts the transparency level of selected objects.

— Dynamic Input — provides a dynamic interface for entering data,
consisting of value fields and contextual prompts. Any field can be activated by

pressing the Tab key:.
— Dynamic UCS (User Coordinate System) — temporarily aligns the XY
plane of the UCS with the face of a solid, grid cell, or other surface when the

cursor hovers over it. After the current command is completed, the UCS
automatically returns to its previous settings.

[©] — Graphics Performance — controls hardware acceleration using the
computer’s graphics processor (GPU). Settings for this function can be adjusted in
the Graphics Performance dialog box, which opens by right-clicking the icon on
the Status Bar.

Some of these parameters can also be toggled using function keys:
e F3— Object Snap (OSNAP) [0 -];
 F4—3D Object Snap (3DOSNAP) [7]:
e F6— Dynamic UCS
o F7—Grid Display [#]:

e F8-Ortho Mode [-]

e F9 - Snap Mode [ -}

e F10 - Polar Tracking [=]

e F11 - Object Snap Tracking [£]
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2.2.8. Context menu

AutoCAD provides a convenient and intuitive tool for performing context-
sensitive actions — the Context Menu. This menu offers quick access to the most
relevant commands without the need to search through the Ribbon or toolbar,
thereby significantly accelerating the workflow. Its content changes dynamically
depending on the active command, the selected objects, or the area of the interface
where the cursor is positioned — for example, within the drawing area, a viewport,
or the command line. The menu is opened by right-clicking the mouse in the
desired part of the drawing window, which makes it an essential part of contextual
interaction between the user and the system.

If no command is active and the cursor is placed within the drawing area,
the standard context menu appears (see Fig. 2.22). The first item in this menu
allows the user to repeat the previously executed command, providing a fast way
to perform repetitive operations. The figure shows the context menu for a new
drawing, where the recommended initial option is Help, which gives access to
AutoCAD’s built-in documentation. The Recent Input list displays the most
recently entered commands, while the Clipboard submenu provides various
options for cutting, copying, and pasting objects, including advanced features such
as Copy with Base Point and Paste to Original Coordinates (see Fig. 2.23).

Repeat HELP

Recent Input *
Clipboard >
lsolate >

<= Undo Help
Redo Ctrl+Y
¥ Pan
~ Zoom
) SteeringWheels
Action Recorder >
Subobject Selection Filter >
Quick Select...
CluickCalc
E Count
B

Find...

Options...

Fig. 2.22. Standard context menu
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Clipboard > B Cut Ctrl+X

’{94 Cut with Base Point Ctrl+Shift+X
[y Copy Ctrl+C
er Copy with Base Point Ctrl+Shift+C
bj Paste Ctrl+V

Paste as Block Ctrl+Shift+V
Paste as Hyperlink
Paste to Original Coordinates

I+ Paste Special...

Fig. 2.23. Clipboard drop-down menu

The Isolate command in the context menu offers the following actions:
Isolate Objects, Hide Objects, and End Object Isolation (see Fig. 2.24).

lsolate > i Isolate Objects

| . .
<= Undo Isolate objects ¢ Hide Objects
[ |

. EndObjectIsolation

Fig. 2.24. Isolate command options in the context menu

The difference between Isolate Objects and Hide Objects is that in the first
case all other objects become invisible except the selected ones, whereas in the
second case only the selected objects are hidden. The End Object Isolation option
restores the display of all previously hidden objects.

In addition, the context menu provides quick access to view control
commands such as Pan and Zoom, the Steering Wheel navigation tool, Action
Recorder, selection filters, Quick Select, QuickCalc, Find, and Options.

2.3. Two-Dimensional Modeling

This section introduces two-dimensional geometric modeling in AutoCAD.
The concepts presented here form the foundation for effective work in three-
dimensional modeling later in the course.

2.3.1. Coordinate System

The position of any drawing element in AutoCAD is defined by its
coordinates. By default, AutoCAD uses a three-dimensional rectangular
coordinate system consisting of three mutually perpendicular axes — X, Y,

42



and Z — known as the World Coordinate System (WCS). This fixed global
system establishes the location of all objects in the drawing.

In 2D mode, points are defined within the XY plane, also referred to as the
drawing’s working plane. The X value specifies the horizontal distance from the
origin (0,0,0), while the Y value defines the vertical distance.A positive X
direction extends to the right, negative X to the left; similarly, positive Y extends
upward, and negative Y downward.

In the polar coordinate system, a point is defined by a distance and an angle
measured counterclockwise from the horizontal axis.

In both Cartesian and polar systems, coordinates can be entered in either
absolute or relative form.

Absolute coordinates are referenced to the origin (0,0), while relative
coordinates (preceded by the symbol @) are specified with respect to the previous
point.

The User Coordinate System (UCS) is a movable rectangular coordinate
system that allows users to define custom orientations for drawing or modeling.

It is created and controlled using the UCS command, entered in the
Command Line:

Command: UCS

Current UCS name: *WORLD* — indicates the current coordinate system

Specify origin of UCS or [Face/NAmed/OBject/Previous/View/World/X/Y/Z
IZAxis] <World>: — options are available for defining the folloving User
Coordinate System:

Face — aligns the UCS with the face of a solid, surface, or mesh segment;

NAmed — Bselects from a list of previously saved coordinate systems;

OBject — selects from a list of previously saved coordinate systems;

Previous — restores the previously used UCS;

View — aligns the UCS to the current view;

World — restores the World Coordinate System (WCS);

XIY/Z — rotates the UCS by a specified angle about the corresponding axis;

ZAxis — defines a new Z-axis direction, adjusting the UCS orientation
accordingly.

Access to UCS management commands is also available from the Tools tab
in the Classic Menu.
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The list of options in the New UCS component is shown in Fig. 2.25, which
presents the available parameters for defining or modifying the User Coordinate
System (UCS).

These include alignment by face, object, or view, restoring the world
coordinates, and rotation around the X, Y, or Z axes.

New UCS >
[E  Named UCS...

World

Previous

Face
Object

View

63 Geographic Location...

Origin
Z Axis Vector
3 Point

BRRE FRF BRE 76

N < X

Fig. 2.25. UCS command options

The main options of the UCS command provide various ways to define or
modify the User Coordinate System:
@ World — restores the World Coordinate System (WCS).
Previous — reverts to the previously used UCS.
Face —aligns the UCS with the face of a solid object.

Object — sets the UCS based on an existing 3D object.
View — aligns the UCS with the current view direction.
Origin — defines a new origin point and orientation for the coordinate

FEEEG S

axes.

12 ZAxisVector — changes the orientation of the coordinate system
according to the direction of the Z-axis.

13, 3Point — redefines the UCS using three points: the first specifies the
origin, the second defines the positive X-axis, and the third sets the positive Y-axis
direction.

o, X, 1¢. v, 1¢. Z - rotates the UCS around the selected coordinate
axis.
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By default, in a new drawing, the User Coordinate System (UCS) coincides
with the World Coordinate System (WCS). The orientation of the X and Y axes is
shown by the UCS icon located in the lower-left corner of the drawing area.

According to the right-hand rule, the Z-axis is directed outward toward the
user. The small square at the intersection of the axes (see Fig. 2.26) indicates that
the UCS is aligned with the WCS.

Y h

L L

a b
Fig. 2.26. Coordinate system icons:
a— World Coordinate System (WCS); b — User Coordinate System (UCS)

In 2D mode, the UCS defines the XY plane, also referred to as the working
or construction plane, where objects are created and edited. In layout space, the
UCS is displayed as a triangular icon, indicating its orientation within the sheet’s
workspace.

2.3.2. Units of Measurement

In AutoCAD, lengths and angles are measured in units defined for the
current drawing, ensuring that all geometric models are created at their true scale.
When printing, the drawing is scaled by specifying the ratio between the drawing
units and the paper units.

AutoCAD supports 22 linear units, ranging from micrometers to parsecs. By
default, Decimal units are used for linear dimensions. Alternative formats include
Engineering, Architectural, Fractional, and Scientific units.

For angular measurements, the default format is Decimal Degrees, though
users can also select Degrees/Minutes/Seconds (DMS), Grads, Radians, or
Surveyor’s Units. The choice depends on the specific requirements of the project.
By default, angles increase counterclockwise from the horizontal axis.

The display precision is determined by the number of decimal places shown
after the point. By default, linear values are displayed to four decimal places,
while angular values are shown as whole numbers without fractional parts.

Units and precision are set using the UNITS command, which opens the
Drawing Units dialog box (see Fig. 2.27).
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This window allows the user to configure the length and angle formats,
precision, and insertion scale for imported content. To reverse the direction of
angle measurement, enable the Clockwise checkbox.

B Drawing Units x
Length Angle
Type: Type:
Decimal w Decimal Degrees w
Precizion: Precision:
(0 D000 w 1] L
[ ] Clockwise

Inserion scale
Units to scale inserted content:

Millimeters -

Sample Output

1.5,2.0039.0
3450

Lighting
Units for specifying the intensity of lighting:

Imtemational -

Cancel Direction. .. Help

Fig. 2.27. Drawing Units dialog box

For existing dimensions, measurement units can be modified through the
Properties panel of the context menu. Under the Primary Units tab, the Dim Units
drop-down list allows the selection of the required unit type, while the Precision
field defines the numerical accuracy of displayed values.

This flexibility enables users to adjust drawings for various regional
standards or project documentation requirements without redefining geometry.

Linear measurement units can also be set via the Units button located on the
Status Bar, providing quick access to commonly used unit formats.

The corresponding drop-down menu is shown in Fig. 2.28, where Decimal is
displayed by default. Changing the format here instantly updates the measurement
display across the drawing, ensuring consistency and simplifying the preparation
of technical documentation.
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Architectural
o Decimal

Engineering

Fractional

Scientific

E Decimal -

Fig. 2.28. Drop-down list of units on the Status Bar

The corresponding drop-down menu is shown in Fig. 2.28, where Decimal is
displayed by default.

2.3.3. Drawing Limits

If a new drawing is created without using the standard acadiso.dwt template,
it becomes necessary to define its drawing limits manually.

When this template is used, AutoCAD automatically applies the metric
system of measurement and sets the default drawing area to 420297 mm (A3
format).

These values can be modified by entering the LIMITS command in the
Command Line or by selecting Drawing Limits from the Format tab in the Classic
Menu.

After invoking the command, the following prompt appears in the
Command Line:

Specify lower left corner or [ON/OFF] <0.0000,0.0000>:

At this prompt, specify the lower-left corner of the rectangular drawing
boundary, or choose one of the listed options. Once the first point is defined,
AutoCAD displays the next prompt:

Specify upper right corner<420.0000, 297.0000>:

Here, the user must define the upper-right corner of the drawing limits to
replace the default values shown in the angle brackets.

Command options:

ON - enables automatic control to prevent the creation of objects outside the
defined drawing limits.

OFF — disables this control, allowing objects to be drawn beyond the
specified area.
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2.3.4. Display Control

AutoCAD provides two primary commands for managing the view and
display of a drawing on the screen: ZOOM and PAN. The ZOOM command
controls the magnification of the drawing view, while PAN enables movement of
the visible area within the drawing plane without altering the scale.

The ZOOM command can be activated by typing its name in the Command
Line or by using the Navigation Bar.

It includes several options, as shown in Fig. 2.29.

ix /%~ ZoOM [All Center Dynamic Extents Previous Scale Window Object] <real time>: -

Fig. 2.29. Zoom command options

The option displayed in angle brackets is the default one. To select it, simply
press Enter.

Real time — increases or decreases the view interactively by moving the cursor
while holding down the left mouse button.

All — displays the entire drawing within the defined drawing limits.

Center — displays the entire drawing within the defined drawing limits.

Dynamic — uses a movable frame to define and pan a visible portion of the
drawing interactively.

Extents — zooms to show all visible objects in the drawing, fitting them to
the screen.

Previous — restores the previous view before the last zoom operation.

Scale — enlarges or reduces the view by a specified factor. If the number is
followed by x, scaling is relative to the current view; if not, it is relative to the
drawing limits.

Window — zooms in on a rectangular area defined by two opposite corners.

Object — zooms in on one or more selected objects, fitting them to the
current view.

All of these options are also available on the Navigation Bar, where the
Extents mode is set by default. Zoom control can conveniently be performed with
the mouse wheel: scrolling forward zooms in, scrolling backward zooms out, and
double-clicking the wheel performs a Zoom Extents operation to display the entire
drawing.

48



The PAN command can be accessed from the Command Line or directly
from the Navigation Bar. Holding down the mouse wheel while moving the mouse
also performs panning, allowing the user to navigate smoothly across the drawing
area without changing the zoom level.

2.3.5. Object Properties

Object properties define the appearance and behavior of elements in a
drawing. Each object in AutoCAD possesses a set of general properties, which
include Color, Layer, Linetype, Linetype Scale, Lineweight, Transparency, and
Thickness. In addition to these, every object also has geometric properties
(Geometry), such as the coordinates of characteristic points, length, area,
elevation, and other parameters. All these properties can be viewed and modified
in the Properties palette, an example of which is shown in Fig. 2.30.

x
[T}
s

PROPERTIES

1tE

| Polyline

ML R

General
Color
Layer
Linetype
Linetype scale
Plot style
Lineweight
Transparency
Hyperlink
Thickness
3D Visualization
Material
Geometry
Current Vertex
Vertex X
Vertex ¥
Start segment width
End segment width
Global width
Elevation
Area
Length
Misc
Closed
Linetype generation

B EylLayer
0

ByLayer
1

ByColor

ByLayer
BylLayer

0

ByLayer

100
100

=R e

Yes
Disabled

Fig. 2.30. Properties palette for a Polyline

The content of the Properties window changes dynamically depending on
the selected object. If no object is selected, as illustrated in Fig. 2.31, the window
displays default settings applicable to the drawing as a whole.
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x
1] Mo selection - r-+ lf&
& General -
Color B Eylayer
Layer 0
Linetype ByLayer
Linetype scale 1
Lineweight ByLayer
Transparency ByLayer
Thickness 0
3D Visualization 7
Material BylLayer
Plot style -
Plot style ByColor
Plot style table MNone
Plot table attached to Model
Plot table type Mot available
View -
Center X 212.2675
Center Y 148.5654
Center £ 0
Height 344.4362
Width 652.1628
LA
E Misc -
E Annoctation scale 1:1
= UCS icon On Yes
= UCS icon at crigin Yes

Fig. 2.31. Properties palette with default settings

By default, general properties such as Color, Linetype, and Lineweight are
assigned the value ByLayer, meaning that these attributes are inherited from the
active layer settings.

The management and customization of layers, as well as their influence on
object appearance, are discussed in the following section of this textbook.

2.3.6. Layer Management

In AutoCAD, layers can be compared to transparent sheets, each containing
objects with shared properties. Together, these layers form the complete drawing,
while individual layers can be displayed or hidden selectively as needed.

By default, every new drawing contains only one layer — Layer O (zero
layer). It is not recommended to place drawing objects on this layer, as it serves as
a system default used for creating blocks and inheriting object properties.

To organize objects by their characteristics, AutoCAD provides the Layer
Properties Manager tool (see Fig. 2.32).
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Fig. 2.32. Layer Properties Manager dialog box

This window can be opened from the Format tab of the Classic Menu using
the Layer command. It allows users to create, delete, rename, and modify layers,
as well as manage their properties and status.

The central area of the window contains a table listing all layers and their
parameters, while the toolbar above includes buttons for creating a new layer,
deleting unused ones, or setting the current layer.

The current and zero layers cannot be deleted. The columns in the layer list
represent the following properties:

On — toggles layer visibility; turned-off layers are not displayed or plotted.

Freeze — freezes or unfreezes layers; frozen layers are hidden from view and
excluded from plotting.

Lock — locks or unlocks layers; locked layers are visible and selectable but
cannot be edited.

Plot — controls whether the layer is included in printing.

Color — sets the color for objects on the layer. By right-clicking the color
square icon, the Select Color dialog box appears (see Fig. 2.33), allowing the user
to choose the desired color.

Linetype — specifies the line pattern used for layer objects. By default, all
layers use the Continuous linetype. To assign another pattern, use the Select
Linetype dialog box (see Fig. 2.34).
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B select Color x

Index Calar True Colar Color Books
AutaCAD Color Index (ACI):
el

L[] ]
et
Index color: 235 Red, Green, Blue: 3815928

. . .... ByLayer ByBlock

[
Color:
[150 |

Cancel Help

Fig. 2.33. Select Color dialog box

This window is opened by clicking the left mouse button on the linetype

name of the desired layer.

B select Linetype X

Loaded linetypes

Linetype Appearance Description

< >
[ ok | | cancel | | toad. | | Hep |

Fig. 2.34. Select Linetype dialog box

If the desired linetype has not been loaded previously, only Continuous will

appear in the list.

Clicking Load opens the Load or Reload Linetypes dialog box, which
accesses the predefined linetypes stored in the acadiso.lin file (see Fig. 2.35).
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If the required linetypes have not been used previously, the window will
display only the default Continuous linetype. The Load button allows access to the
Load or Reload Linetypes dialog box, which contains the standard linetypes

supplied with AutoCAD in the acadiso.lin file (see Fig. 2.35).

B Load or Reload Linetypes >
File... | |acadiso lin |

Available Linetypes

Linetype Description ~
BATTING Batting 55555555555555555555555555555555
BORDER. Border _ __ .__ __ .__ _._ _._ _
BORDERZ2 Border (Oe)} _ . . . . . . . . . . .
BORDERX2 Border(2«) . _ _ . __
CEMTER Cemter___ . __ .
CEMNTER2 Cemter (G2}
CEMTERX2 Center (2x) _ _ W

£

s | |

Fig. 2.35. Load or Reload Linetypes dialog box

Lineweight — the line thickness is assigned by clicking the current
lineweight value in the Layer Properties Manager table with the left mouse button.
This action opens the Lineweight dialog box (see Fig. 2.36), where the
required lineweight can be selected.

B Lineweight ? X
Lineweights:
Default A
0.00 mm
0.05 mm
0.09 mm
0.13mm
0.15mm
0.18 mm
0.20 mm
—— 0.25mm
— () 35 mm G
Original: Default
New: 0.30 mm
[ ok ]| Cacel || Hebo

Fig. 2.36. Lineweight dialog box
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Transparency — defines the transparency level of layer objects. To open the
Layer Transparency dialog box (see Fig. 2.37), click the current transparency
value in the Layer Properties table. In the dialog field, specify the required
transparency percentage.

ﬂ Layer Transparency *

Transparency value (0-50):

@ -
Cancel Help

Fig. 2.37. Layer Transparency dialog box

By default, new layers receive names such as Layerl, Layer2, Layer3, and so
on. However, it is advisable to assign each layer a descriptive name that reflects its
properties or intended purpose. A layer name may contain from 1 to 31 characters.

New layers are created using the New Layer button, unnecessary layers are
removed with Delete Layer, and the Set Current button designates the active layer
for drawing operations.

2.3.7. Object Selection

Many AutoCAD commands require the selection of objects, which is
indicated by the prompt Select objects in the Command Line. When this prompt
appears, the mouse cursor turns into a selection square, allowing the user to select
objects one by one. Selected objects are highlighted with a dashed outline. Press
Enter to complete the selection process.

Auto Mode. Place the selection square on an empty area of the drawing so
that it does not touch any objects. Click the left mouse button to set the first corner
of the selection window. By moving the cursor to the right, AutoCAD creates a
rectangular selection window whose opposite corner is defined with another left-
click. All objects that are completely enclosed by this window become selected
(see Fig. 2.38). If the cursor is moved to the left, AutoCAD creates a crossing
window (see Fig. 2.39). In this case, all objects that are crossed by the window
boundary are selected. Additionally, AutoCAD provides free-form selection,
which is activated by moving the mouse while holding down the left button to
create an arbitrary closed shape (see Fig. 2.40).
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Fig. 2.38. Selection
window

Fig. 2.39. Crossing
window

Fig. 2.40. Free-form
selection

ALL Mode. This mode is activated by typing ALL in the Command Line or by
pressing Ctrl + A. It selects all objects in the drawing except those located on locked
or frozen layers.

Object Snaps (Osnaps). Additional tools for precise selection of
characteristic points of existing objects during drawing are the Object Snaps (see
Table 2.1). Access to object snap settings is available through the Status Bar.

Table 2.1
Object Snaps
Icon Name Snap Function
¢ Endpoint snaps to the endpoint of an object
A |Midpoint snaps to the midpoint
(=) |Center snaps to the center of an arc or circle
[=] Geometric snaps to the centroid of a closed polyline or spline
Center
Node snaps to a point object
Quadrant snaps to quadrant points of a circle, arc, or ellipse
i |Intersection | snaps to the intersection of two objects
- Extension snaps to the extension of an object beyond its endpoint
4 |Insertion snaps to the insertion point of a block or text
L Perpendicular snaps to a point where a line from your previous point would
be perpendicular to the selected object
snaps to a point where a line from your previous point would
Tangent i
be tangent to an arc or circle
45 |Nearest snaps to the nearest point on an object
.- |Apparent snaps to the visual intersection of two objects that do not
“* |Intersection | physically intersect
2 |parallel ::i(;r;stralns the next line segment to be parallel to an existing
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3.3.8. Coordinate Entry Methods

AutoCAD provides five methods for specifying coordinates when defining
points in the drawing.

Interactive Method. The point is located directly on the XY plane by
selecting its position with the mouse.

Absolute Coordinates. The X and Y values are entered relative to the origin
(0,0) using the keyboard. Format: X, Y.

Relative Rectangular Coordinates. The point is defined by its displacement
along the coordinate axes relative to the last specified point. The offset values
(AX, AY) are entered as: Format: @AX, AY.

Relative Polar Coordinates. The location is defined by a polar distance R
and an angle ®, both measured from the last point. Format: @R<w.

Direction and Distance Method. The point is defined by specifying a
direction with the mouse (using Ortho or Polar Tracking mode) and then entering
the distance from the keyboard. The cursor movement only sets the angle, while
the numeric entry determines the exact distance.

Object Snap Method. The point is specified using Object Snaps, which place
points precisely at characteristic locations on existing geometry.

2.3.9. Construction of Geometric Primitives

This section presents the methods for constructing basic geometric figures,
or primitives, in the AutoCAD environment. These include points, line segments,
circles and ellipses, their arcs, polygons, splines, and other objects. Access to these
tools can be achieved through the Command Line by entering the required
command name, through the DRAW tab of the Classic Menu, or via the Ribbon.
In the examples that follow, the Ribbon method is used.

2.3.9.1. Points

The creation of these objects is performed using the POINT command, which
can be accessed as follows: Ribbon — HOME tab — DRAW panel — *:* POINT
command.

After launching the command, the following prompt appears:

Specify a point: — the point is defined by entering coordinates or using
another method.
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This prompt repeats until you exit the command, for example by pressing
the Esc key.

2.3.9.2. Line Segments

The LINE command is used to create a sequence of straight-line segments,
where each segment is treated as an individual object and can be edited
independently. Access to this command is provided as follows: Ribbon — HOME
tab — DRAW panel — ./~ LINE command.

Options:

Undo — cancels the last action.

Close — closes the contour (becomes available after the third point is
entered).

Let us examine the use of the LINE command (Fig. 2.41), specifying points
using different methods.

1 2
Fig. 2.41. Contour created using the LINE command

Command: LINE

Specify first point: point 1 is defined using absolute coordinates.

Specify next point or [Undo]: <Ortho on> 100 - point 2 is created using
the Direction and Distance method with Ortho mode enabled.

Specify next point or [Undo]: <Polar on> 25 - point 3 is defined using the
Direction and Distance method in Polar mode with an angle of 30°.

Specify next point or [Close/Undo]: @40<30 - point 4 is defined using
relative polar coordinates.

Specify next point or [Close/Undo]: @-100,0 - point 5 is created using
relative rectangular coordinates.

Specify next point or [Close /Undo]: C - connects back to point 1.
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2.3.9.3. Circles and Arcs

The CIRCLE command is used to construct circles and offers several
options for creating them in different ways. Access to this command is provided as
follows: Ribbon — HOME tab — DRAW panel — '~ CIRCLE command.

Options:

() Center, Radius — specify the center and radius of the circle.

) Center, Diameter — specify the center and diameter.

) 2 Point — select two points that define the diameter of the circle
(Fig. 2.42, a).

(' 3 Point — select three points that lie on the circle (Fig. 2.42, b);

Fig. 2.42. Constructing a circle:
a — using two points; b — using three points

() Tan, Tan, Radius — specify two tangent objects and the radius
(Fig.2.43, a).
() Tan, Tan, Tan — specify three tangent objects (Fig. 2.43, b).

3

a b

Fig. 2.43. Constructing a circle:
a — using two tangent objects; b — using three tangent objects

Arcs are created using the ARC command, accessed as follows: Ribbon —
HOME tab — DRAW panel — ¢~ ARC command.

AutoCAD provides 11 methods for constructing arcs.

/~ 3-Point — defined by three points (Fig. 2.44), where the selection order
determines the arc shape.
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3 b)
Fig. 2.44. Arc defined by three points

For all other methods, note that arcs are created counterclockwise
(Fig. 2.45, a). Holding CTRL allows creating arcs clockwise (Fig. 2.45, b).
This behavior is illustrated using the Start—Center—End method.

Fig. 2.45. Arc construction:
a, b — counterclockwise and clockwise

(. Start, Center, End — specify the start point, center, and end point.

(= Start, Center, Angle — specify the start point, center, and arc angle.
¢ . Start, Center, Length — specify the start point, center, and chord length.
/7 Start, End, Angle — specify the start and end points and the angle.

/" Start, End, Direction — specify the start and end points and the tangent
direction (Fig. 2.46). The tangent direction is defined by selecting a point that
determines the direction vector from the start point.

Tangent direction Tangent direction
\ B ﬁ
~ - _
rl ~¢

Fig. 2.46. Arcs defined by two points and a tangent
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~ Start, End, Radius — specify the start and end points and the radius.
(. Center, Start, End — specify the center, start, and end.
(= Center, Start, Angle — specify the center, start, and arc angle.

Z. Center, Start, Length — specify the start and end points and the chord
length.

/< Continue — creates an arc tangent to the last created object (either an arc
or a line), see Fig. 2.47.

/

Fig. 2.47. Arc tangent to the previously created object

PL

The next subsection discusses the construction of second-order curves.

2.3.9.4. Ellipses and Elliptical Arcs

The ELLIPSE command is used to construct ellipses and elliptical arcs. It is
accessed as follows: Ribbon — HOME tab — DRAW panel — > ELLIPSE
command.

Depending on the selected option, AutoCAD provides three methods for
creating ellipses.

Center — specify the center (point 1) and the endpoint of one axis (point 2),
see Fig. 2.48. Then the following prompt appears:

Specify distance to other axis or [Rotation]: — specify the endpoint of the
second axis (point 3).

Fig. 2.48. Constructing an ellipse using the center and semi-axes

The Rotation option allows constructing an ellipse as a projection of a circle
on a plane rotated about its diameter.
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> Axis, End - specify the first axis of the ellipse by selecting its two
endpoints. Then define the second axis.

To construct an ellipse as an axonometric projection of a circle, enable the
Isodraft function on the Status Bar. From the drop-down menu (Fig. 2.49),
select the appropriate projection plane.

%, isoplane Left

v > isoplane Top

A isoplane Right

Fig. 2.49. Selecting an isometric plane

When Isodraft mode is enabled, the ELLIPSE command includes the
Isocircle option::

Command: ELLIPSE

Specify axis endpoint of ellipse or [Arc/Center/lIsocircle]: |

Specify center of isocircle: — specify the center point;

Specify radius of isocircle or [Diameter]: — define the radius (or diameter).

This produces a projection of a circle onto the selected plane (Fig. 2.50).

X Isoplane Right N /soplane Left

-

=< [soplane Top

Fig. 2. 50. Ellipses as circle projections depending on the isometric plane

To construct an elliptical arc, select the Arc option:

Command: ELLIPSE

Specify axis endpoint of ellipse or [Arc/Center/Isocircle]: a

Specify axis endpoint of elliptical arc or [Center/Isocircle]: |

Specify center of isocircle:

Specify radius of isocircle or [Diameter]:

Specify start angle or [Parameter]: — specify the start angle of the arc;

Specify end angle or [Parameter/Included angle]: — specify the end angle of the
arc. The start and end angles define the portion of the ellipse that forms the arc.
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(- The Elliptical Arc option allows creating an elliptical arc directly. First,
AutoCAD prompts for the construction of the full ellipse, and then for the start
and end angles of the arc (Fig. 2.51).

Fig. 2.51. Constructing an elliptical arc

Specify start angle or [Parameter]: — specify the starting point of the arc;

Specify end angle or [Parameter/Included angle]: — specify the endpoint of
the elliptical arc.

The Included angle option allows specifying the central angle of the arc
measured from the start angle.

2.3.9.5. Polylines

A polyline is a composite object consisting of one or more connected linear
or arc segments. Each segment may have its own width (Fig. 2.52).

AN

Fig. 2.52. Examples of polyline segment width variations

Regardless of the number of segments, AutoCAD treats the entire polyline
as a single object.

Access to this command is provided as follows: Ribbon — HOME tab —
DRAW panel — .—.0 PLINE command. After launching the command, the
following prompts appear:

Command: PLINE

Specify start point: — specifies the starting point of the polyline.

Current linewidth is 0.0000 — displays the current segment width.

Specify next point or Arc/Halfwidth/Length/Undo/Width/Close]: — specifies the
next point (for a linear segment) or selects one of the options:

Arc — switches to arc-segment creation mode:
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Arc — nepexia y pexxum noOya0BH JIyT.
Specify next point or [Arc/Halfwidth/Length/Undo/Width]: A
Specify endpoint of arc (hold Ctrl to switch direction) or Specify endpoint of
arc (hold Ctrl to switch direction) or
[Angle/CEnter/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width]:
Halfwidth — sets the half-width of the polyline segment.
Length — defines the length of the next straight segment.
Undo — cancels the creation of the last segment.
Width — sets the width of the next segment.
Close — connects the endpoint of the last segment to the starting point of the
polyline and ends the command.

2.3.9.6. Rectangles

Execution of the RECTANGLE command is performed as follows: Ribbon
— HOME tab — DRAW panel — 11 RECTANGLE command.

It constructs a polyline in the shape of a rectangle based on its parameters
(length, width, rotation angle) and the type of corner treatment (chamfer, fillet, or
right angle).

Command: RECTANG

Specify first corner point or [Chamfer/Elevation/Fillet/Thickness/Width:

Options:

Specify first corner point — defines the first vertex.

Chamfer — creates a rectangle with chamfered corners of specified sizes
(Fig. 2.53, c).

Elevation — sets the elevation of the rectangle in the Z direction (Fig. 2.53, f).

Fillet — rounds the corners of the rectangle with a user-defined radius
(Fig. 2.53, d).

Thickness — creates a 3D prism of a specified height with the rectangle as its
base (Fig. 2.53, g).

Width — sets the polyline width (Fig. 2.53, e).

If no option is selected and the first corner point has been specified, the
command provides additional options for various rectangle construction methods
and property settings:

Specify other corner point or [Area/Dimensions/Rotation]:

Specify other corner point — defines the opposite corner (Fig. 2.53, a).

Area — creates a rectangle with a specified area and either a fixed length or width.
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f g
Fig. 2.53. Capabilities of the RECTANGLE command

Dimensions — creates a rectangle with a specified area and either a fixed
length or width.

Rotation — sets the rotation angle relative to the first specified corner
(Fig. 2.53, b).

2.3.9.7. Polygons

Access to the corresponding command is provided as follows: Ribbon —
HOME tab — DRAW panel — (-7 POLYGON command.

The POLYGON command creates a regular polygon with the number of
sides ranging from 3 to 1024.

Three construction methods are available: a polygon inscribed in a circle,
circumscribed about a circle, or defined by one of its sides.

The following prompts appear in the Command Line:
Command: POLYGON
Enter number of sides <>: — specify the number of sides.

Specify center of polygon or [Edge]: — specify the center of the polygon.
Command prompts:

Radius of circle — defines the radius of the inscribed or circumscribed circle.
Options:

Inscribed in circle — constructs a polygon inscribed in a circle (Fig. 2.54, a).
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Circumscribed about circle — constructs a polygon circumscribed about a
circle (Fig. 2.54, b).

2(1

(2}

a b C
Fig. 2.54. Methods for constructing a polygon

Edge — Edge — creates a polygon by specifying one of its sides through its
start and end points. The polygon is constructed counterclockwise (Fig. 2.54, c).

It should be noted that when prompted for the radius of the inscribed or
circumscribed circle, a preview of the resulting polygon is also displayed.

3.3.9.8. Donuts

Execution of this operation is performed as follows: Ribbon — HOME tab
— DRAW panel — © DONUT command.

This tool creates filled rings with a specified color. The width of the figure
equals the difference between the outer and inner diameters, as shown in Fig. 2.55.

- Inside diameter

O Center

Outside diameter

Fig. 2.55. Donut parameters

Command: DONUT

Specify inside diameter of donut <>: — specifies the inner diameter (if set to O,
a solid filled circle is created).

Specify outside diameter of donut <>: — specifies the outer diameter.

Specify center of donut or <exit>: — specifies the center of the donut.

Specify center of donut or <exit>: — optionally specify a new center to
create additional donuts with the same parameters, or press Enter to exit the
command.
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2.3.9.9. Splines

In AutoCAD, splines can be constructed in two ways: through a set of
points that the curve must pass through or using control vertices that define the
shape of the curve.

The SPLINE FIT command creates a spline using the first method. It is
accessed as follows: Ribbon — HOME tab — DRAW panel — i~ SPLINE FIT
command.

The resulting spline passes through the points specified by the user (Fig.
2.56).

.”; Switch between spline
¥ = construction methods

Fig. 2.56. Spline created through fit points

The construction method can be switched to the alternative mode—using
control vertices. This may be done by selecting the corresponding option in the
Command Line during creation, or by selecting the spline afterward and using the
toggle located near the first point.

The command that constructs a spline based on control vertices (Fig. 2.57) is
accessed as follows: Ribbon — HOME tab — DRAW panel — ~ SPLINE CV
command.

In this mode, the characteristic control polygon is also displayed.

Fig. 2.57. Spline created using control vertices

This method allows the spline to be modified by adjusting the positions of its
control vertices.
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2.3.9.10. Regions

The REGION command creates a single object from a set of adjoining
figures that form a closed contour. These components may include line segments,
polylines, arcs, splines, and other objects.

The command is executed as follows: Ribbon — HOME tab — DRAW
panel — [23 REGION command.

After launching the command, the prompt Select objects appears, and you
must select the objects that form the closed contour (Fig. 2.58).

a b
Fig. 2.58. Creating a region:
a — selecting individual objects; b — resulting single region object

Regions support hatching, filling, centroid and area calculation, as well as
Boolean operations (Fig. 2.59): Union, Subtract, and Intersect.

By C

a b C d
Fig. 2.59. Boolean operations on regions:
a — source shapes; b — union; ¢ — subtraction; d — intersection

These tools significantly enhance the efficiency of geometric modeling.

2.3.10. Editing Objects

AutoCAD allows objects to be edited by modifying their position, size, and
shape. There are two fundamental approaches to editing:

— First select the objects and then apply the editing operation.

— Start the desired editing command and then select the objects to be
modified.
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When selecting objects, all standard selection techniques may be used (see
Section 2.3.7).

2.3.10.1. Moving Objects

The MOVE command shifts one or several objects without changing their
orientation (Fig. 2.60). It is accessed as follows: Ribbon — HOME tab —

MODIFY panel — +§* MOVE command.

Command: MOVE

Select objects: — select the objects.

Select objects: — press Enter to complete the selection.

Specify base point or [Displacement] <Displacement>: — specify the base
point; using the Displacement option sets the origin as the base point.

Specify second point or <use first point as displacement>: — specify the
second point to complete the displacement.

Object selection Base point

> L 8

7 \
\

/ \,
1 i >
\\‘_// < ) > V
| Second point

Fig. 2.60. Moving an object

Objects can also be repositioned using grips. This method is described in
Section 2.3.10.7.

2.3.10.2. Rotating Objects

The ROTATE command rotates one or several objects around a specified
point. Rotation may be performed by a relative angle (the objects rotate from their
current orientation) or by an absolute angle (the current rotation angle is set to the
specified value).

The operation is executed as follows: Ribbon — HOME tab — MODIFY
panel — C ROTATE command.

Command: ROTATE

Current positive angle in UCS: ANGDIR=counterclockwise ANGBASE=0 —
message indicating current settings.

Select objects: — select the objects.
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Select objects: — press Enter to finish selection.

Specify base point: — specify the base point.

Specify rotation angle or [Copy/Reference] <>: - enter the rotation angle
or choose an option.

Options:

Copy

Rotating a copy of the selected objects — rotates a copy of the selected objects.

Specify rotation angle or [Copy/Reference] <>: — enter the rotation angle
for the copied geometry relative to the selected base point.

Reference

This option is useful when the absolute value of the rotation angle is
unknown. An example is shown in Fig. 2.61.

First, select the objects and specify the base point (point 1 in Fig. 2.61, a).
Then, after choosing the Reference option, define the reference angle.

Selecting an object and ~ Defining a reference Defining a new
a base point angle angle

a b c
Fig. 2.61. Rotating an object using a reference angle

If the reference angle is unknown, two points on the screen may be specified
(points 1 and 2 in Fig. 2.61b) to define the angle geometrically.

When prompted for the new angle, enter its numeric value or specify a point
(point 3 in Fig. 2.61c).

2.3.10.3. Mirror

The MIRROR command creates a mirrored copy of selected objects relative
to a specified axis of symmetry. The original objects may either be retained or
deleted.

Access to the command is provided as follows: Ribbon — HOME tab —
MODIFY panel — Ak MIRROR command.
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After selecting the objects with a selection window (points 1-2 in Fig. 2.62),
the system prompts for the first and second points (points 3 and 4) that define the
mirror axis. Next, AutoCAD asks whether the original objects should be deleted.

Selecting objects and defining the axis Result

Selection frame
Fig. 2.62. Mirroring objects

To delete the original objects, choose Yes; otherwise, choose No.

2.3.10.4. Copying

The COPY command creates one or multiple copies of selected objects
while preserving their properties and orientation. It is accessed as follows: Ribbon

—» HOME tab — MODIFY panel — & COPY command.
Command: COPY
Select objects: — select the objects.
Select objects: — the prompt repeats until Enter is pressed.
Current settings: Copy mode = Multiple — message indicating the current
mode.
Specify base point or [Displacement/mOde] <Displacement>: — specify the
base point or choose an option.
Options:
Displacement — sets the base point at the origin.
mOde — switches between single and multiple copy modes.
Enter a copy mode option [Single/Multiple] <Multiple>:
Single — creates one copy.
Multiple — creates multiple copies.
It is commonly used to replicate repeating elements efficiently, maintain
consistent spacing, or generate construction patterns without redrawing individual
components. An example of using the COPY command is shown in Fig. 2.63.
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Object selection Base point Result
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Fig. 2.63. Copying objects

If the Array option is selected (Fig. 2.64), prompts appear for constructing
an array of copies:

Specify base point or [Displacement/mOde/Multiple] <Displacement>: —
specify the base point.

Specify second point or [Array] <use first point as displacement>: — choose
the Array option.

Enter number of items to array: — specify the total number of copies,
including the original.

Specify second point or [Fit]: — specify the spacing and direction between
copies, or choose an option..

/ Base point

A PP SRN  0  S=SSS P PSS

Object selection Resuit

Fig. 2.64. Creating an array of copies

Fit option:

Specify second point or [Array]: — specify the second point; AutoCAD
places the chosen number of copies evenly between the base point and the second
point.

Specify second point or [Array/Exit/Undo] <Exit>: — press Enter to finish
the command.

2.3.10.5. Deleting Objects

The ERASE command is used to remove one or several objects from the
drawing. It is executed as follows: Ribbon — HOME tab — MODIFY panel —
#] ERASE command.

Command: ERASE
Select objects: — select the objects.
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Select objects: — press Enter to complete the selection.

Objects may also be deleted using the Delete key, provided the required
objects are selected beforehand.

This command is one of the most frequently used editing tools, allowing
users to quickly remove unnecessary geometry and maintain a clean, organized
drawing environment.

2.3.10.6. Scaling

The SCALE command is used to resize objects proportionally and is

accessed as follows: Ribbon — HOME tab — MODIFY panel — 0] SCALE
command.

After selecting the required objects, the system prompts for a base point.
Then, either a scale factor (Fig. 2.65a) is entered, or one of the following options
Is chosen: Copy — creates a scaled copy of the original object (Fig. 2.65, b);
Reference — scales objects based on the length of a reference segment (Fig. 2.65, c).

Result Initial object New length
/ Initial =
Initial object 757\‘
object TF=———. Base A .
point &_{ [
: . 5 7
Base point Reference segment
a b C

Fig. 2.65. Scaling objects

The scale factor defines the multiplier by which the selected geometry will
be enlarged or reduced.

This command is essential when adjusting object proportions, preparing
drawings for layout, or matching the size of imported geometry to the current
project.

2.3.10.7. Grips

Grips are key reference elements that determine the position, size, and shape
of geometric objects. They appear as small square markers — typically blue — when
objects are selected while no command is active (Fig. 2.66).

Using grips enables quick, intuitive editing without launching separate
commands, allowing the user to move, rotate, copy, scale, stretch, or otherwise
modify geometry directly through interactive manipulation.
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Fig. 2.66. Grips for different objects

The available actions can be accessed through the shortcut menu that appears
when a grip is activated; an example of this menu is shown in Fig. 2.67.

Because grips provide immediate visual feedback and require minimal
command input, they significantly speed up the editing process and offer a highly
efficient way to refine or adjust model geometry.

Erase

‘%’ Move

<} Copy Selection

a Scale

(:- Rotate
Draw Order »
Group H

%3 Add Selected

H7  Select Similar

’;ﬁ} Deselect All

Fig. 2.67. Context menu for editing with grips
2.3.10.8. Creating Similar Objects

The OFFSET command creates a new object that is geometrically similar to
an existing one. It is accessed as follows: Ribbon — HOME tab — MODIFY
panel — & OFFSET command.

Command: OFFSET

Specify offset distance or [Through/Erase/Layer] <0.0000>: — specify the
offset distance. If the Through option is selected, the new object will pass through
a point specified on the screen (Fig. 2.68, a).

Erase — deletes the original object after generating the offset copy
(Fig. 2.68, b).

Layer — allows choosing the layer on which the offset object will be created.
The Current option places the new object on the current layer (Fig. 2.68c), while
Source places it on the source object's layer.

73



2 2

Fig. 2.68. Options for locating offset objects:
1 — source object; 2 — offset object

Select object to offset or [Exit/Undo] <Exit>: — select the source object;

Specify point on side to offset or [Exit/Multiple/Undo] <Exit>: — specify the
side to which the object is offset.

The Multiple option allows repeated creation of offset objects without
reselecting the original geometry.

This command is especially useful for generating parallel lines, concentric
curves, and layered geometric structures, making it indispensable for drafting
architectural, mechanical, and engineering drawings.

2.3.10.9. Creating Chamfers

The CHAMFER command constructs chamfers defined by either:

— The lengths of the two offset distances (legs).

— A linear distance and an angle.

This tool is used to replace sharp corners with beveled edges, improving
both the geometric clarity and manufacturability of a design. Chamfers are widely
applied in mechanical drafting, architectural layouts, and any situation where
angled transitions between lines are required.

The command is executed as follows: Ribbon — HOME tab — MODIFY

panel — {_| CHAMFER command.

Command: CHAMFER

Select first line or [Undo/Polyline/Distance/Angle/Trim/mEthod/Multiple]: —
select the first object or choose an option.

Options:

Trim — trims the intersecting objects to accommodate the chamfer.

No Trim — leaves the objects unchanged.

Current chamfer Distl = 0.0000, Dist2 = 0.0000 — when Trim mode is
enabled, the external portions of the lines are removed, as shown in Fig. 2.69.

74



Selection points Result

N

Fig. 2.69. Trimming excess segments when both offsets are 0

Distance — specifies the two offset distances that define the chamfer
(Fig. 2.70).

Selection points Result

N

Fig. 2.70. Trimming excess segments when offsets > 0 in Trim mode

Angle — used when the chamfer must be defined by a known first offset
distance and an angle relative to the first selected line.

mEthod — switches between the Distance and Angle input methods.

Multiple — allows multiple chamfers to be created during a single command
session without restarting the command.

2.3.10.10. Filleting

The FILLET command creates a rounded transition (fillet) between two
objects using an arc of a specified radius.

It is accessed as follows: Ribbon — HOME tab — MODIFY panel — ]
FILLET command.

Command: FILLET

Current settings: Mode = TRIM, Radius = 0.0000

Select first object or [Undo/Polyline/Radius/Trim/Multiple]: — select the
first object or choose an option.

Options:

Radius — specifies the radius of the fillet arc.

Trim — trims the selected objects to their intersection point before
constructing the fillet. Proper use of this option is shown in Fig. 2.71. If the object
Is closed (e.g., a circle), trimming is not applied.

75



Choice points Resuilt
Radius=13 Mode TRIM Mode NOTRIM

BRI

Fig. 2.71. Using the Trim option

Multiple — allows several fillets to be created during a single command
session (Fig. 2.72).
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Fig. 2.72. Using the Multiple option

Fillets between arcs and circles can be constructed in different ways. The arc
of the fillet is created so that its endpoints lie as close as possible to the points
selected on the objects, as illustrated in Fig. 2.72.

This command is widely used to create smooth transitions between
segments, eliminate sharp corners, and produce geometrically consistent rounded
edges. Fillets are essential in mechanical design, architectural drafting, and any
application requiring continuous tangential connections.

3.3.10.11. Trimming and Extending

The TRIM and EXTEND commands perform cutting and lengthening
operations on geometric objects. They are accessed as follows: Ribbon — HOME
tab — MODIFY panel — ¥ TRIM or = EXTEND command.

These commands are among the most frequently used editing tools in
AutoCAD, allowing users to clean intersections, adjust geometry to meet design
constraints, and quickly refine linework in both 2D drafting and more complex
layouts. They greatly enhance precision and productivity when modifying
connected or overlapping elements.
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Command: TRIM

Current settings: Projection=None, Edge=Extend

Select cutting edges — specify the objects that will act as cutting boundaries.

Select object to trim or shift-select to extend or[Fence/Crossing
/Project/Edge/eRase/Undo]: — specify the objects to be trimmed or choose an
option.

To extend objects without leaving the TRIM command, hold Shift while
selecting the geometry to be lengthened (Fig. 2.73).

All shapes are cutting Cuttable objects Extendable objects

Result

CD

Fig. 2.73. Examples of Trim and Extend operations

Options:

Fence/Crossing — allow trimming objects by using a temporary polyline (Fence)
or a crossing selection window.

Edge — enables or disables extension to imaginary intersections.

eRase — deletes selected objects without interrupting the trimming process.

The EXTEND command includes the same options as TRIM. When
selecting boundary edges with Shift, the command switches temporarily into
trimming mode.

3.3.10.12. Breaking Objects

The BREAK command allows a portion of an object to be removed by
specifying the first and second break points. It is accessed as follows: Ribbon —
HOME tab — MODIFY panel — [['] BREAK command.
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If it is necessary to split an object into two parts without deleting any
segment, the [_] BREAK AT POINT command is used. In this case, the user
selects the object first and then specifies the break point.

Both tools provide precise control over segmenting geometry, making it
easier to adjust linework, clean intersections, or prepare objects for further
modification.

2.3.10.13. Stretching

The STRETCH command is used to stretch a geometric object by moving a
portion of it. The operation is performed as follows: Ribbon — HOME tab —
MODIFY panel — [+ STRETCH command.

After the command is launched, the system prompts for object selection,
which must be carried out using a crossing window. It is important to note that
only the objects partially enclosed by this window will be stretched. Objects fully
enclosed by the window are moved without deformation, and the positions of
endpoints and vertices outside the window remain unchanged (Fig. 2.74).

Result

Selection frame Base Z;mﬂr
Fig. 2.74. Stretching objects

It should be noted that circles and ellipses cannot be stretched using this
command. The STRETCH command is particularly effective for modifying linear
or polyline-based geometry, adjusting proportions, and reshaping structural
elements while preserving connections to the rest of the drawing.

3.3.10.14. Arrays of Geometric Objects

The ARRAY command creates multiple copies of selected objects arranged
in a structured pattern. After choosing the source objects, the user must specify
how these copies will be positioned.

Arrays may be:
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Associative (Fig. 2.75, a) — their properties, such as the number of items,
spacing, and source-object modifications, remain dynamically editable.

Non-associative (Fig. 2.75, b) — all items are independent; modifying one
element does not affect the others.

Fig. 2.75. Associative and non-associative arrays

The command is accessed as follows: Ribbon — HOME tab — MODIFY

panel — a8 ARRAY command.

Three types of array layouts are available:

oo Rectangular ARRAY — distributes items in rows and columns (Fig. 2.75).

«>* path ARRAY - arranges items evenly along a specified path (Fig. 2.76).

Options:

Method — selects how the elements are distributed along the path.

Divide — divides the path into equal segments and places the items at the
division points (Fig. 2.76, a). If the array is associative, the spacing adjusts
automatically when the path length is modified.

Measure — places items along the path with a specified fixed interval
(Fig. 2.76, b). If the path becomes too short to accommodate all items, their
number is automatically reduced.

-

SN =
S S
] [
— ]
a b
Fig. 2.76. Array adjustment after path modification

828 Polar ARRAY - distributes items evenly along an arc or full circle
around a defined center (Fig. 2.77).
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Fig. 2.77. Polar array

By default, the array is constructed counterclockwise. To reverse the
direction, a negative fill angle is entered. The Rotate items as copied option
enables rotation of individual objects as they are placed in the array.

The ARRAY command is a powerful tool for creating repetitive patterns,
structural layouts, and design elements, greatly enhancing efficiency when
working with modular or symmetrically arranged geometry.

2.3.11. Text and Annotations

In AutoCAD terminology, text or annotations refer to a group of tools used
to add explanatory and supplementary information to a drawing. These include
notes, table data, dimensions, callouts with leaders, tolerances, and other
annotation elements.

Annotations play a key role in documenting a design, ensuring that the
geometry is accompanied by clear technical information required for
manufacturing, construction, or further analysis.

2.3.11.1. Text Styles

A text style in AutoCAD is a set of parameters that define the appearance of
text elements in a drawing. These parameters include the font, text height,
obliquing angle, color, and other visual characteristics. Each text style has its own
name and is stored within the drawing file, ensuring consistent formatting across
all annotations.
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The tool used to manage text styles is the Style command, which opens the
Text Style dialog box (Fig. 2.78). Here, users can create, modify, and configure
the styles that will be applied to text objects. This command is available both from
the command line and from the Annotate tab on the ribbon.

B Text Style

Cument text style: Standard
Styles:

A Annotative
Standard

Al styles
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Font
Font Mame:
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Match text orentation
to layout

Effects
[J Upside down

[ Backwards

Verical

Font Style: Set Currert

OBb4HE ~

Height
0.0000

Width Factor:
|1.I}DDD |

Oblique Angle:
B |

Fig. 2.78. Text Style dialog box

By default, AutoCAD provides two predefined styles: Annotative and
Standard. To create a new style with customized settings, the New button is
pressed. This opens the New Text Style dialog box, where a style named Stylel is
generated automatically. It is advisable to assign it a meaningful name.

The Font section of the dialog contains a drop-down list of all available
typefaces under Font Name. For domestic (Ukrainian) technical drawings, the
recommended font is Isocpeur. The Font Style list provides variants such as Italic
or Regular. The Height field specifies the default text height; if left at zero, the

height can be assigned later during text creation.

2.3.11.2. Creating Text

Text objects are created using the following sequence: Ribbon —
ANNOTATE tab — TEXT panel — TEXT drop-down list (Fig. 2.79).

Two commands are available:

— Single Line — creates single-line text.

— Multiline Text — creates multi-line text.
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The Single Line text command requires specifying the starting point for text
placement and defining its parameters, such as style, height, and justification. One
or several lines of text may be entered, each separated by pressing Enter. Every
line created in this mode becomes an individual object.

Text
A Multiline Text
A Single Line

Fig. 2.79. Icons for text creation commands

Command: TEXT

Current text style: "stylel" Text height: 2.5000 Annotative: No Justify: Left —
displays the current text settings, including the active text style, height, annotative
property, and justification mode.

Specify start point of text or [Justify/Style]: — prompts the user to specify the
starting point for the text or choose an option to modify the current text
parameters.

After defining the first point, the following dialog begins:

Specify height <>: — specifies the required text height or accepts the suggested
default value by pressing Enter;

Specify rotation angle of text <>: — defines the rotation angle of the text or
accepts the default angle shown in angle brackets by pressing Enter.

When the Justify option is selected, the system offers several alignment
methods:

Enter an option [Left/Center/Right/Align/Middle/Fit/TL/TC/TR/ML/MC/
MR/BL/BC/BR]: — prompts the user to choose the desired justification mode.

The following list provides detailed explanations of the available
justification options, each of which specifies how the insertion point relates to the
position of the text within its bounding box:

Left — aligns the text so that its starting point corresponds to the
leftmost position of the baseline.
Center — places the midpoint of the text at the specified insertion point. Right

— aligns the end of the text with the chosen point, positioning the text to the left of it.
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Align — stretches or compresses the text so that it fits exactly between
two specified points.

Middle — centers the geometric midpoint of the text at the indicated
location.

Fit — adjusts character spacing so the entire text fits precisely between
two points without changing text height.

TL, TC, TR — position the text so that the insertion point corresponds to
the top-left, top-center, or top-right of the bounding box.

ML, MC, MR - align the insertion point with the middle-left, middle-
center, or middle-right of the bounding box.

BL, BC, BR — align the insertion point to the bottom-left, bottom-
center, or bottom-right corner of the bounding box.

The Multiline Text command places text within a rectangular area defined
on the screen by selecting two opposite corners. In this mode, all lines of text are
treated as a single unified object. The formatting capabilities for multiline text are
significantly broader than those available for single-line text. The command-line
dialogue proceeds as follows:

Command: MTEXT

Current text style: "stylel" Text height: 2.5 Annotative: No — displays the
current text parameters.

Specify first corner: — prompts the user to define the first corner of the
rectangular text boundary.

Specify opposite corner or [Height/Justify/Linespacing/Rotation/Style/Width
/Columns]: — specifies the opposite corner of the text field or allows choosing one
of the available options:

Height — defines the text height;

Justify — sets the alignment method;

Line spacing — adjusts the spacing between lines;

Rotation — specifies the rotation angle of the text;

Style — selects the active text style;

Width — determines the width of the text boundary;

Columns — enables the creation of text arranged in multiple columns.

After completing the necessary settings, pressing Enter activates the
MTEXT editor, where the required text is entered. To finish the process, click the
left mouse button outside the text boundary.
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2.3.11.3. Editing Text

To modify multiline text, the MTEDIT command is used, which provides
access on the Ribbon to the tools of the Text Editor, as shown in Fig. 2.80. The
same editing mode can be activated by double-clicking the left mouse button on
the selected text.

A A A B 7 & - Tradal - |_A| == ABC @ i V
’ X ===
B u (_) Il &yLayer vtz T N\ ﬂ
Text Match — Paragraph  Insert Spel Find & Close
Style A v Z o - Replace

Style Formatting ~ - - - Tools v Options -

Fig. 2.80. Text Editor toolbar

The available tools allow changing the text style, adjusting its height,
copying properties, formatting paragraphs, and applying other text modifications.
These editing actions performed with the left mouse button can also be applied to
single-line text objects.

2.3.11.4. Dimension Styles

In AutoCAD, the appearance of dimensions can be customized in the
Dimensions Style Manager window (see Fig. 2.81), which is opened using the
DIMSTYLE command or through the ribbon. Pressing the New button opens the
Create New Dimension Style dialog box (Fig. 2.82). In the Start With list, the user
must select an existing base dimension style, and in the New Style Name field,
enter the name of the new style. The Continue button then opens the New
Dimension Style window (Fig. 2.83).

A Dimension Style Manager X
Curmrent dimension style: 1ISO-25
Styles: Preview of: 1SO-25
& Annotative 14 11 Set Current
1ISO-25
e
0 (\C)D Modify...
- "
- / Override...
/ Compare..
List Description
All styles 1SO-25
Don't list styles in Xrefs

Fig. 2.81. Dimensions Style Manager dialog box
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Fig. 2.83. New Dimension Style window

This window contains seven tabs, each allowing users to modify different
dimension parameters. The preview area reflects all changes applied during
customization. The tabs include:

Lines — specifies the properties of dimension lines and extension lines.

Symbols and Arrows — defines arrowheads and related symbols.

Text — controls formatting of the dimension text.

Fit — adjusts the appearance of dimensions when the standard placement is
not possible.

Primary Units — specifies the format and precision of primary linear and
angular units.

Alternate Units — sets parameters for alternative measurement units.

Tolerances — defines the method of displaying tolerances.
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3.3.11.5. Dimensioning

Each type of dimension — linear, angular, radius, diameter, and others — has its
own dedicated command.

For all linear dimension commands, the workflow begins with specifying the
start point of the extension line, followed by the location of the dimension line. For
radius and diameter dimensions, a circle or arc must be selected, and for angular
dimensions, the sides of the angle are indicated. It is recommended to enable object
snaps for higher accuracy.

Access to dimensioning tools is provided as follows: Ribbon — HOME tab —
ANNOTATION panel — dimensioning command menu (Fig. 2.84).
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Fig. 2.84. Dimensioning tools

— Linear — creates horizontal and vertical linear dimensions.

" Aligned — produces a linear dimension aligned parallel to the referenced
segment.

- Angular — constructs angular dimensions.

" Arc Length — dimensions the length of an arc.

/<. Radius — creates a radius dimension.

€ Diameter — creates a diameter dimension.

/. Jogged — applies a jogged radius dimension when the true center of the
arc lies off the drawing.
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2.3.11.6. Editing Dimensions

Editing dimensions is an essential part of preparing a clear, accurate, and
well-structured technical drawing. AutoCAD provides several tools that allow
users to refine the appearance, placement, and content of dimension objects,
ensuring compliance with drafting standards and design intent. Depending on the
task, dimensions may be adjusted interactively or through dedicated editing
commands.

Dimensions in AutoCAD can be modified in several ways. Some of the
most commonly used methods are described below.

Editing dimensions using grips is the most convenient approach, as it allows
the user to reposition extension lines and dimension lines, as well as adjust the
placement of the dimension text. The grips that appear at characteristic points of a
dimension object are arranged according to its type (Fig. 2.85).

Fig. 2.85. Grips for editing dimensions

To open the text editor for a dimension, double-click the dimension text
with the left mouse button. For example, a user may need to specify the number of
holes, as illustrated in Fig. 2.86.

°

Fig. 2.86. Editing dimension text

The diameter symbol is entered using the code %%c when the keyboard is
set to the English layout. The notation for the number of holes is created using the
sequence \X. Editing dimensions with the DIMED (DIMEDIT) command provides
additional capabilities, including modifying the text content, rotating the text, and
creating extension lines at an oblique angle to the measured feature (Fig. 2.87).
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Fig. 2.87. Dimension editing options of the DIMEDIT command:
a— New; b — Rotate; c¢— Oblique

Command: DIMED

Enter type of dimension editing [Home/New/Rotate/Oblique] <Home>: —
specifies the required editing option and allows its configuration.

Select objects: — selects the dimension object to be modified.

Home — cancels the editing operation and restores the original appearance of
the dimension.

New — replaces the existing dimension text with new text; the new text is
created in an empty area of the drawing and is applied to the selected dimension
once it is chosen.

Rotate — rotates the dimension text by a specified angle.

Oblique — creates extension lines at a user-defined oblique angle relative to
the measured segment.

Using the Properties palette is also a convenient way to edit dimensions,
providing access to all key dimension parameters in a structured and efficient
manner.

2.3.12. Drawing Template Files

Appendix A provides the main requirements of the existing standards for
technical drawing preparation. These requirements relate to sheet sizes, internal
borders, the content of title blocks, line types, text specifications, scales, and other
formatting rules. To ensure convenient and efficient drafting in AutoCAD, it is
advisable to use drawing template files. Such templates may include predefined
layers, dimension and text styles, a frame of a selected format, a standard title
block, and any other elements prepared in advance. Corresponding examples are
Illustrated in Fig. A.2 of the appendices.
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2.3.13. Examples of Constructing Part Contours

The following examples are intended to help develop skills in analyzing the
geometric shapes of technical objects and applying practical methods of two-
dimensional geometric modeling in  AutoCAD. Such analysis involves
determining how individual geometric primitives are positioned relative to one
another and forming an appropriate sequence of construction steps.

It is recommended to perform the work in a pre-prepared template file
containing a title block and border. Typically, the process begins with identifying
symmetry axes. Based on them, the necessary elements of the modeled object are
constructed. Note that the outlines of many technical parts consist of lines that
smoothly transition into one another; these transitions are known as fillets.
Mastering fillet construction is essential for accurate modeling. The contour
construction is completed by adding dimensions.

2.3.13.1. Support Bracket

The purpose of this example (see Fig. 2.88) is to illustrate the creation of
fillets within part contours using AutoCAD tools.
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Fig. 2.88. Support bracket

Assignments for independent practice are provided in Appendix B.1.
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Construction Sequence:

1. Before starting the work, analyze the geometry of the part, identify its
basic shapes, and determine the graphic operations required to construct them.

2. Open the appropriate template file. Distribute the necessary drawing
elements — such as axes, contour lines, and dimensions — across the corresponding
layers. In this example, the template contains pre-created layers:

— kontyr — or the part contour (lineweight 0.5);

— osi — axes (default lineweight, linetype Center2);

— dim — dimensions;

— dopom — auxiliary constructions.

The template also includes predefined dimension and text styles, as well as
the title block placed in the Layout space. Save the drawing under the name
“Fillets”.

3. Begin the construction with the axes of the circles. Then create the left
portion of the contour by performing the following steps.

3.1. Set osi as the current layer. Enable the ORTHO mode to ensure
convenient creation of horizontal and vertical lines.

3.2 Using the XLINE command, draw the centerlines for the circle of
diameter 70 (see Fig. 2.89). Select the Offset option and apply the required
distances to construct the additional centerlines marked as 3, 4, and 5 in the figure.

’,’“ = -\

~_ Clircle centers

2 = = //

Fig. 2.89. Constructing the centers of the circles

3.3. On the kontyr layer, draw the circles (Fig. 2.90) with the required
diameters, positioning their centers at the intersection points of the corresponding axes.
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3.4. Use the Trim command to edit the existing axes (Fig. 2.91).

o e

Fig. 2.90. Constructing the circles Fig. 2.91. Trimming the axes

3.5. Create the fillets shown in Fig. 2.92 between circle 1 and circle 2 using
the LINE command. To do this, specify a point on circle 1 using the Tangent object
snap in the expected fillet region, and then specify a tangent point on circle 2.

1 - Result

Selecting
contact points
Cut-off portion
of circle
|
Selecting
contact points

Fig. 2.92. Constructing fillets in the left part of the part

3.6. To construct the fillet arc with radius R100, use the CIRCLE
command with the Ttr (tan, tan, radius) option. First specify the tangent point on
object 2, then on object 3, and finally enter the radius value 100. Use the Trim
command to remove the unnecessary fragment of circle 5 (Fig. 2.92).
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4. Construction of the right part of the bracket begins with defining the outer
contour.

4.1. Use the Offset option of the XLINE command to determine the
overall length dimension. Set the offset distance to 150 and select axis 1 (see
Fig. 2.93, a). This will create the infinite line 2. Next, construct the upper line 3
with the starting point 4 (the intersection of the axes) and the endpoint 5, which
should be defined using the From object snap: from @0,70 relative to point 6 (the
intersection of the horizontal axis and vertical line 2).

4.2. Line 9 is tangent to circle 8 and passes through point 7, which is
located at an offset of —70 along the Y-axis relative to point 6. To specify this
point, use the From snap: from @0,-70.

4.3. Construct the external fillets using the FILLET command.

When the Trim option is enabled, segments beyond the trimming edges are
removed. To keep these segments (see Fig. 2.93, b), choose the No Trim option.

Create the following fillets: R35 between circle 1 and line 2; R25 between
circle 5 and line 4; R15 between lines 4 and 3, and between lines 2 and 3.

Fig. 2.93. Constructing the right-hand side of the bracket

4.4. Move portions of lines 2, 3, and 4 (see Fig. 2.92, b) to a separate
auxiliary layer. To split these elements, use the BREAK AT POINT command.
The resulting geometry is shown in Fig. 2.94.

5. Construct the inner contour of the part using the OFFSET command. Set
the offset distance to 15, then specify the object and the direction of offset.
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For clarity, change the color of the newly created objects (Fig. 2.95). Refine
the contour using the FILLET command with the Trim and Multiple options
enabled, setting the fillet radius to 5. Modify the axes using the LENGTHEN
command with the Delta option, assigning a value of 3.

Fig. 2.95. Creating the inner contour

6. Apply the dimensions (see Fig. 2.96), selecting dim as the current layer.
7. Finalize the drawing.

7.1. Switch from Model Space to the A3 Layout in AutoCAD.

7.2. Create a viewport by calling the Rectangular option (Fig. 2.97).

Ribbon — LAYOUT tab — LAYOUT VIEWPORTS panel —
I, RECTANGULAR command
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Fig. 2.96. Support bracket with dimensions applied

Icon of the TTPORTS command, Rectangular options
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Fig. 2.97. Layout tab
When prompted, specify points 1 and 2 — the opposite corners of the

rectangular viewport in which the drawing will be displayed (see Fig. 2.98).

!

L Frame

Fig. 2.98. Viewport in the Layout space
Double-clicking with the left mouse button outside the viewport frame

allows you to edit the frame itself (move or resize it), while double-clicking inside
the frame enables modifications of the displayed model.
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7.3. Select the required scale (Fig. 2.99).

1

1
100:1

Fig. 2.99. Selecting the viewport scale

To open the scale list, select the viewport to activate its grips. Hover the
cursor over the triangular grip at the lower left corner, and click the left mouse
button. This action displays the list of available scales.

7.4. Fill in the title block (Fig. 2.100).
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Fig. 2.100. Completed exercise “Fillets

7.5. Move the viewport boundary to a layer that is turned off for printing.
8. Save the created geometric model file.
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2.3.13.2. Support Bracket

This example (see Fig. 2.101) demonstrates how to construct slopes and
tapers within a part’s profile using AutoCAD’s two-dimensional modeling tools.
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Fig. 2.101. Support Bracket
The tasks provided in Appendix B.1 are intended for independent practice.
Construction sequence

1. Begin by analyzing the geometry of the part, identifying simple
constituent shapes and determining which drawing operations are needed to
construct them efficiently.

2. Open the required template file, which contains the same predefined
layers, dimension and text styles, border, and title block as in the previous
example (see Subsection 2.3.13.1).

3. Set the current layer to kontyr and enable the ORTHO mode. This ensures
that all horizontal and vertical elements are drawn precisely using the Line
command (Fig. 2.102, a).

4. Slopes (tapers) on technical drawings are specified as numerical ratios.
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For example, 1:10 indicates that a horizontal run of 10 units corresponds to a
vertical rise of 1 unit. To construct such slopes using the Line command and
relative coordinates:

— For the horizontal sloped segment, specify any starting point, then enter

the second point as @10,1.
— For the vertical slope, start at an upper point and specify the second point
as @-1,-10. The result is shown in Fig. 2.102, b.

5. Create fillets using the Fillet command with the Trim option enabled. This
trims the intersecting segments automatically to form a clean tangent transition
(Fig. 2.102, ¢).
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Slope 110 _— Result

Contour
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Fig. 2.102. Creating slopes 1:10

6. On the osi layer, draw the axis of the cone shown in Fig. 2.101. Use Xline
with the Offset option to place this axis 45 mm from line 1 (Fig. 2.103, a).

7. Switch back to the kontyr layer. Use Xline — Offset to construct the
upper base of the cone at a distance of 120 mm from line 2 (Fig. 2.103, a).

\2

a b
Fig. 2.103. Defining the axis and the upper base of the cone
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8. Refine the contour using the Trim command (Fig. 2.103, b).

9. The diameter of the top cone base is 60 mm (radius 30 mm). Extend
segment 1 using Lengthen (Delta = 30 mm) (Fig. 2.104, a). Draw line 3 using
relative coordinates from point 2: @-1,-10 (Fig. 2.104, b). Use Extend to lengthen

line 3 until it intersects line 4 (Fig. 2.104, c). Apply necessary fillets and refine the
axis.

Fig. 2.104. Constructing the cone profile

10. Apply dimensions, selecting the dim layer as current (Fig. 2.105).

11. Prepare the drawing for output by switching to the A3 layout (see
Fig. 2.105). The remaining steps—creating a viewport, assigning scale, filling
the title block—match those in Subsection 2.3.13.1.

660
45

R?I‘E~

20
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~. 710
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support [1] |21
i

Fig. 2.105. Completed drawing
12. Save the finished file.
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The following section discusses how the flexibility of two-dimensional
geometric models in AutoCAD can be enhanced through the use of parametric
tools.

2.3.14. Parametric Constraints

Geometric objects created in a two-dimensional workspace may be assigned
a set of constraints that control their behavior. These include geometric
constraints, which manage relationships such as parallelism, perpendicularity,
horizontality, verticality, tangency, coincidence, symmetry, and fixation, and
dimensional constraints, which specify linear, angular, and radial values.

Once applied, these constraints establish associative relationships among the
objects, so that any modification of the shape, size, or position of one element
automatically adjusts the others according to the defined parameters. Proper
parametrization significantly increases efficiency when developing drawings of
similar components, as automated updates reduce repetitive manual edits.

The tools for applying geometric and dimensional constraints are available
on the Parametric tab of the Ribbon (Fig. 2.106).

E,. | » © & [ Show/Hide r—" /-x/ e 5 [T Show/Hide E{- ﬁl')
2 X = 4 [ showal L Show All X
Auto X A : w onow Linear Aligned b m r—: o Delete  Parameters
Constrain O ™ [j1 = [ HideAll Y [7& Hide All Constraints Manager
Geometric Ny Dimensional ~ Ny Manage

Fig. 2.106. Parametric tab

The subsequent subsections examine these tools in greater detail and provide
several examples of their practical application.

2.3.14.1. Geometric Constraints

Geometric constraints in AutoCAD allow users to control the behavior of
2D geometry by enforcing precise relationships between objects, such as
parallelism, perpendicularity, tangency, or symmetry. The command icons for
geometric constraints are located on the Geometric panel (see Fig. 2.106).

Access path: Ribbon — PARAMETRIC tab — GEOMETRIC panel.

Table 2.2 lists the constraint symbols, their names, and their purposes.
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Table 2.2
Geometric Constraints

Icon Name Function

_li Coincident Constrains objects to share a common point

o’ . Constrains two line segments to lie on the same straight

} 4 Collinear I
ine

(®) Concentric Forces the centers of arcs, circles, or ellipses to coincide

[E] Fix Locks an object in place, preventing it from being
moved

7/ Parallel Ensures line segments remain parallel

\ Perpendicular | Ensures two line segments remain perpendicular

77 Horizontal Constrains an object to a horizontal orientation

1 Vertical Constrains an object to a vertical orientation

. _\ Tangent Ensures tangency between two objects

N Smooth Applies a smooth (G2) continuity condition to a spline
[l Symmetric sEer;Zlé'[s(j g)k:{gcts remain symmetrical with respect to a
= Equal Forces selected lines or radii to maintain equal length

Once constraints are applied, the corresponding symbols appear next to the
constrained objects. These icons may be repositioned anywhere within the
drawing area for better visibility.

The display of constraint symbols is managed through the Show/Hide, Show
All, and Hide All buttons located on the Geometric panel of the Parametric tab
(see Fig. 2.106).

2.3.14.2. Automatic Parametrization

When creating or editing geometry with the Constraint Infer mode
enabled in the status bar, AutoCAD automatically applies geometric constraints
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based on the object snaps used during construction. For example, if two circles are
created with the same center, the software will automatically impose a coincident
constraint on their centers. As a result, moving one circle will cause the other to
move with it. However, certain object snaps — such as Intersection or Extension —
are not supported for automatic constraints.

To delete a constraint, hover the cursor over its icon and right-click to open
the context menu (Fig. 2.107). Select Delete from the list.

Delete

Hide
Hide All Constraints

Constraint Bar Settings

Fig. 2.107. Context menu of a constraint icon

This menu also provides additional management options for constraints, as
shown in the figure.

2.3.14.3. Dimensional Constraints

Dimensional constraints define distances between objects (or their
characteristic points), required angles, and the radii of arcs and circles. When these
parameters are modified, all constraints applied to the geometry are recalculated
automatically, and the associated objects update accordingly.

The types of dimensional constraints correspond to the icons on the
Dimensional panel of the ribbon and are listed in Table 2.3.

Table 2.3
Dimensional Constraints
Icon Name Function
/\y Aligned Applies a constraint to the distance between two points
8] Linear Creates a horizontal or vertical distance constraint
ﬁ Horizontal Constrains the X-distance between two points
J Vertical Constrains the Y-distance between two points
—\' Diameter Applies a constraint to the diameter of a circle
,-"*'_ Radius Applies a constraint to the radius of an arc or circle
*‘ Angular Applies a constraint to an angle
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Dimensional constraints may consist of numbers or expressions. The
preferred display format can be selected from the Dimension name format drop-
down menu in the Constraint Settings dialog box (Fig. 2.108). This dialog is
opened by clicking the corresponding icon * on the Dimensional panel of the
Parametric tab.

B cConstraint Settings ot
Geometric Dimensional A toConstrain

Dimensional constraint format

Dimension name format:

_ L: d1=d2+d3 :>‘
Mame and Expression o
Name
Value onstraints

Mame and Expression

Show hidden dynamic constraints for selected objects

Fig. 2.108. Constraint Settings dialog box

Name — constraint name; Value — numerical value; Name and Expression —
combined name and formula.

Dimensional constraints are displayed in the drawing using parameters,
which visually represent the applied relationships (Fig. 2.109).

Fig. 2.109. Profile with applied dimensional parameters

Editing dimensional constraints is performed using the Parameters Manager

J@ (Fig. 2.110), accessed via the icon located on the Manage panel of the
Parametric tab. After double-clicking the name, expression, or value in the table, a
new entry can be typed from the keyboard.

102



T T fa R Search for parameter O,
43
*» | MName Expres.. & Value
E Dimensional Constraint Parameters
&ld1 dial-10 150
£Jdial 160 )

aradl  dial*0.4

»»

All: 3 of 3 parameters displayed

"ﬁw PARAMETERS MANAGER

Fig. 2.110. Parameters Manager with defined constraints

Expressions may include the standard arithmetic operators—addition (+),
subtraction (-), multiplication (*), division (/), exponentiation ("), and parentheses
for defining the order of evaluation. AutoCAD also supports a range of
mathematical functions within dimensional expressions, including the
trigonometric functions cos, sin, and tan; their inverse counterparts acos, asin, and
atan; the square-root function sqrt; and several numerical utilities such as round
for rounding to the nearest integer, trunc for discarding the fractional part, floor
and ceil for rounding down or up, and abs for returning the absolute value. When a
parameter or its expression is modified in the Parameters Manager, the
corresponding geometry automatically updates (Fig. 2.111).

Dimensional constraints may also be edited through the Properties panel
(Fig. 2.112) for a selected parameter.

fx:ragl=dial*0.4 @

fx: d1=dial -1

Fig. 2.111. Profile updated after modifying dimensional constraints
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T Diametric Dimension (Dynamic) - “ l[‘\\,
Constraint v
Constraint Form Dynamic
Reference No
Name dia2
Expression dial/4
Value 25
Description
w
E Misc v
o Annotative scale 1:1
g Text -
Text rotaticn 0

i

Fig. 2.112. Properties panel for the selected constraint

A constant or expression can additionally be edited by double-clicking the
parameter directly in the drawing.

2.3.15. Projection Drawing

In technical drafting, the geometry of a three-dimensional object is
represented through a system of orthographic projections — views, sections, and
auxiliary cuts — that maintain precise projection correspondence (see Appendix A).
AutoCAD provides a variety of tools for constructing such drawings directly in
2D, ensuring accurate alignment between related views.

This section introduces several practical methods for generating
projectionally linked views within the AutoCAD environment.

2.3.15.1. Tracking Method

The Tracking method relies on a combination of auxiliary drafting modes
designed to assist in determining point locations that must correspond across
different views. These modes are actively used throughout the construction
process and can be toggled directly from the Status Bar by clicking their
respective icons:

(J Object Snap (OSNAP) — for selecting exact geometric features
(endpoints, midpoints, centers, etc.).

2 Object Snap Tracking — for projecting temporary alignment paths from
OSNAP points.
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& Ppolar Tracking — for constraining cursor movement along preset angles.

Together, these tools allow the user to construct views that share common
projection lines without manually drawing additional construction geometry.

It is advisable to keep only the necessary Object Snap modes enabled, as
excessive snaps may interfere with precise point selection.

2.3.15.2. Using the XLINE and RAY Commands

The XLINE command generates construction lines of infinite length, while
RAY creates half-infinite rays. These auxiliary lines should preferably be placed
on a dedicated construction layer, which can later be turned off or deleted once the
necessary projections have been completed. The main drawback of this method is
the large number of lines that may accumulate when working with complex
objects.

Consider the following example. Suppose it is required to construct the
profile view of a rectangular prism based on its front and top views. On the
construction layer, use the XLINE command to create horizontal and vertical
projection lines.

Command: XLINE

Specify a point or [Hor/Ver/Ang/Bisect/Offset]: H — creates a horizontal line.

Command: XLINE

Specify a point or [Hor/Ver/Ang/Bisect/Offset]: V — creates a vertical line.

Next, draw the axes of symmetry: a horizontal axis on the top view and a
vertical axis on the left-side view, extending both until they intersect. Through the
obtained intersection point, construct the 45-degree miter line using XLINE on the
construction layer (Fig. 2.113, a).

Command: XLINE

Specify a point or [Hor/Ver/Ang/Bisect/Offset]: A — selects the Angle option.

Enter angle of xline (0) or [Reference]: -45

From the points where the horizontal projection lines intersect the reference
line, draw vertical construction lines. The distance between these lines
corresponds to the width of the prism. Using Object Snap at the intersections of
the projection lines, construct the left-side view. After turning off the construction
layer, the three orthographic views of the prism are obtained (Fig. 2.113, b). The
procedure is the same for the Ray command, which creates semi-infinite lines
instead of full construction lines.
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Fig. 2.113. Construction of the projection drawing, construction layer:
a — auxiliary layer on; b — auxiliary layer off

2.3.15.3. Hatching

The Hatch command in AutoCAD is intended for filling closed areas with
hatch patterns, solid fills, or gradients. Access is provided as follows: Ribbon —
HOME tab — DRAW panel — & HATCH command.

In the dropdown menu on the panel, you can select the command used to fill
a boundary (Fig. 2.114).

= -

% Hatch

Gradient

Boundary

Fig. 2.114. Hatch and fill commands

The Hatch and Gradient commands begin by automatically analyzing the
selected geometry to determine a valid closed boundary. Once the boundary is
recognized, AutoCAD generates a preview and applies the chosen fill method.
This preliminary boundary-detection step is essential because the quality and
correctness of the hatch depend entirely on how accurately the enclosing region is
defined.

The Hatch command then opens a contextual panel on the Ribbon, providing
a full set of tools and options for controlling pattern type, scale, angle, origin,
transparency, and boundary selection methods (Fig. 2.115). This panel appears
only while the command is active, allowing the user to adjust all hatch parameters
interactively.
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The Gradient command opens a similar contextual panel (Fig. 2.116), but
tailored specifically for gradient fills. It offers a selection of gradient styles, one-
color or two-color transitions, and corresponding color settings. All other Ribbon
tools remain unchanged while these panels are active, ensuring a focused
workspace for defining the fill.

75/ @ 7 Pattern v [#) ~ Hatch Transparency 0 IZ_/;‘ Do N7
. 4\ W ¥ v
3 : @ DUse Current v Angle 0 N !
Pick Points Hatch ; Set  [Associative|Annotative  Match Close
PatEem [_i_é @ None v % 1 +  Origin Properties  Hatch Creation
Boundaries v  Pattern Properties ~ Origin Options y Close

Fig. 2.115. Hatch creation tools

/ DQ lGradlent v &+ HatchTanspareny 0 7 lﬁ:
TEEnpE L [MEAE v

PickPoint; - Bl ik ! Vcnted hsocvel nciie Meh G

ick Points entered| Associative| Annotative  Matc ose
GOSTWO... SORLINERR: GR CYLIN ~ GR INVCYL e []Yellow v m 100% Proper’tiesv Hatch Creation

Boundaries v Pattem Properties v Origin v Options v v Close

Fig. 2.116. Gradient and solid fill tools

The Boundary command is used to generate a single boundary from multiple
elements. Its construction mode is defined in the Boundary Creation dialog box
(Fig. 2.117).

B Boundary Creation X

m Pick Paints

Island detection
Boundary retention

Retain boundaries

Object type: Pohyine e

Boundary set

Cumert viewport  ~ | ®F | New

QK Cancel Help

Fig. 2.117. Boundary Creation dialog box

The Boundaries panel is shown in Fig. 2.118.
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0
Pick Peints

Boundaries =

Fig. 2.118. Boundaries panel

+| Pick Points — enables automatic boundary detection inside an enclosed
region. To hatch the area, simply click inside it.

7 Select — allows defining the boundary using explicitly selected objects.
This method is suited for simple regions formed by one closed shape.

The Pattern panel contains a library of hatch patterns (Fig. 2.119), presented
as preview slides for intuitive selection.

L L L

- LLL

- LLL
L1

SOLID ANGLE ANSIZ1 ANSI32
- s
T .
o g ;;i;,f

ANSIZ3 ANSIZ4 ANSIZ5 ANSIZ6
e = CT
2 = =

ANSIZT ANSI28  AR-B216  AR-BE16C

AR-B22 AR-BRELM  AR-BRSTD

Fig. 2.119. Pattern panel contents

In the standard AutoCAD library, the most commonly used hatching
patterns for mechanical engineering drawings are the diagonal ANSI-series
patterns. The primary one is ANSI31, which consists of diagonal lines at a 45°
angle with uniform spacing between them (hatch pitch) and is used for filling
cross-sections of parts. In assembly drawings, adjacent components may be
differentiated with ANSI32-ANSI38, which vary in line frequency and orientation.

The SOLID fill is used to create fully shaded areas or to highlight individual
elements when necessary. Other patterns (such as AR-CONC, AR-B816) are
intended mainly for architectural materials and are generally not used in
mechanical engineering.
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Selecting an appropriate hatching pattern ensures clear visual separation of
contours and complies with the drafting standards for technical drawings.

On the Properties panel (Fig. 2.120), the Pattern drop-down menu allows
choosing the fill type: a pattern hatch, a solid fill, a gradient, or a user-defined
hatch.

These variants are shown in Fig. 2.121.

Pattern v ~ Hatch Transparency 0

[72: DUse Current ¥ Angle 0

Li_-'; |Z| None v [:75'| 1.0000 =
Properties v

Fig. 2.120. Properties panel

Pattern v
IZ': Solid

[i{, Gradient
Pattern

User defined

Fig. 2.121. Types of boundary fills

The User-defined hatch type is intended for custom settings based
on parallel lines. Their spacing and angle can be adjusted as needed
(Fig. 2.122).

The Hatch Transparency field controls transparency; Angle sets the
hatch angle relative to the current X-axis; Scale defines the pattern scale
(Fig. 2.123).

N User defined v |#) ~ Hatch Transparency 0 %@
/i
2 V/{E |:|Use Current v Angle 0 ot
fL = [ [/] None v 1 y Origin
Pattern Properties v Origin

Fig. 2.122. User-defined hatch settings

%=y 1.0000 .

Fig. 2.123. Defining hatch scale
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The Origin panel offers tools for specifying the hatch origin point (Fig.
2.124). This is particularly useful in assembly drawings where adjacent parts
require offset hatch origins. By default, all origin options correspond to the current
UCS origin.

7
i R —

s:f AE e Bk
Origin Tfﬂa Store as Default Crigin
Origin = —

Fig. 2.124. Hatch origin options
The Options panel is shown in Fig. 2.125.

Associative| Annotative Match
Properties

Options ~ ¥

Fig. 2.125. Options panel

Associative — enables associativity: the hatch updates automatically when its
boundary changes (Fig. 2.126, a). When disabled, the hatch remains unchanged
(Fig. 2.126, b).

Puc.2.126. Hatch:
a — associative; b — non-associative

Annotative — makes the hatch scale automatically with the viewport
annotation scale.

Match Properties — creates a hatch using the properties of an existing hatch,
except for the origin point.

In the lower-right corner of the Options panel, a button opens the Hatch and
Gradient dialog box (Fig. 2.127). This dialog box provides full access to the tools
for defining and editing hatch patterns, gradient fills, and their parameters. Its
structure consists of several functional sections:

Type and pattern. Allows the user to choose the hatch type (Predefined,
User-defined, or Custom) and select a specific pattern from the Swatch preview.
Color assignment is also performed here.
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Angle and scale. Defines the orientation and scaling coefficient of the
selected hatch pattern. The fields Angle and Scale provide numerical input for
rotation and pattern size.

B Hatch and Gradient Pt
Hatch  Gradient Boundaries
Type and pattem Add: Pick points
Type: Predefined w :
“fs | Add: Select objects
Pattem: ZIGZAG “ ..
@t Remove boundaries
Colar: . ByLayer b E bl
Swaih [T

P
L | View Selections

Angle and scale

Options
Angle: Scale:
[ ] Annotative
0 ~| |1.0000 v
Aszociative
Double Relative to paper space []Create separate hatches
1.0000 Draw order:
Send Behind Boundary
Layer:
Hatch origin Lze Curent w
() Use cument origin Transparency:
(®) Speciiied origin Bylayer w
[ | Click to set new origin III ]
[ ] Defautt to boundary extents 7
Bottom left +% 55 | Inherit Properties
[ ] 5tore as default origin
Preview QK Cancel Help @

Fig. 2.127. Hatch and Gradient dialog box

Hatch origin. Controls the starting reference point for the hatch. The user
may keep the current origin or specify a new one by picking a point on the
drawing. This tool is especially useful when coordinating hatch alignment across
adjacent regions in assembly drawings.
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Boundaries panel. Contains commands for defining or modifying hatch
boundaries: Pick Points, Select Objects, and Remove Boundaries. The View
Selections option displays the boundary elements currently used.

Draw order. Defines the display priority of the hatch relative to other
drawing elements (e.g., placing the hatch behind the boundary linework).

Layer and transparency. Allows the user to assign a specific layer for the
hatch and set the transparency level. These properties help integrate the hatch into
the structural hierarchy of the drawing.

Inherit Properties. Enables copying hatch properties from an existing
hatched object for consistent formatting.

Clicking the small triangle next to the panel title opens an additional menu
(Fig. 2.128). The Gap Tolerance field specifies the maximum allowed gap
between boundary elements. The default tolerance is zero, requiring a perfectly
closed boundary (Fig. 2.129).

Gap Tolerance 0.0000

Create Separate Hatches

Fr

HOH Outer lsland Detection =

Cr.ror.

Send Behind Boundary -
13 Options ‘-ﬂ

Fig. 2.128. Hatch boundary selection controls

Hatch - Open Boundary Warning >

| The hatch boundary is not closed. What do you
" want to do?

— Continue hatching this area
The area will be hatched even though one or more gaps
exist.

— Do not hatch this area

Show details OTmeHa

O Always perform my current choice

Fig. 2.129. Warning for open boundary gaps
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If the tolerance is set to a value greater than zero, hatching is applied even to
areas with gaps (Fig. 2.130).

\ .

Fig. 2.130. Hatching with non-zero gap tolerance

Create Separate Hatches enables generating separate hatch objects that can
be edited independently.

Outer Island Detection opens a menu for selecting how hatches behave
when the boundary contains interior “islands” (Fig. 2.131).

= _
IO} Outer lsland Detection =

<11 Mormal Island Detection

(K Outer Island Detection

Ignore Island Detection

@E’é Me Island Detection

Fig. 2.131. Hatch options with internal “islands”

Send Behind Boundary defines the draw order of the hatch relative to other
objects—Dbehind or in front of the boundary and other drawing elements
(Fig. 2.132).

@ Send Behind Boundary ~
Ij[?é Do Not Assign

2277
7| Send to Back

NN

E‘//Z_ Bring to Front

7z
7

SN

7| Send Behind Boundary

7
I'_/%A Bring in Front of Boundary

Fig. 2.132. Hatch placement variations
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The Close Hatch Creation button collapses the hatch creation panel and
finishes the command.

2.3.15.4. Example of Constructing an Orthographic Drawing

It is well known that orthographic projection is widely used in the
preparation of technical documentation. The essential construction tools were
outlined earlier in this section.

Before creating the drawing, it is necessary to:

— Analyze the geometric model and determine which basic forms the object
consists of;

— Establish the principal view that provides the most complete
representation of the part;

— Determine the minimum required number of views and sections.

To develop practical skills in constructing orthographic drawings, the
following example demonstrates the creation of the three principal views with the
corresponding sectional views. Variants of individual tasks are provided in
Appendix B.2.

Let the object to be modeled have the appearance shown in Fig. 2.133. The
task is to construct the required views and sections of the part. Use layers, polar
and object tracking, and apply dimensions.

v Qjo
S

-
Fig. 2.133. Modeled part

Sequence of construction

1. Analyze the part, which contains cylindrical surfaces, a through slot, and
a stepped vertical hole. The upper portion of the hole is circular and cylindrical,
while the lower portion additionally includes flat vertical faces.
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2. Open the template file, whose structure is assumed to be similar to those
discussed in subsections 2.3.13.1 and 2.3.13.2. Add a layer named hatch for
section hatching. Save the file under the name “Simple Cross-Sections”
(“Rozrizy prosti”).

3. Create the drawing in model space at a scale of 1:1.

4. Set the current layer to osi and construct the axes using the XLINE
command (Fig. 2.134).

5. Using the Circle command, draw the outer circle 1 (diameter 50 mm) and
the inner circle 2 (diameter 30 mm) whose centers coincide at the intersection of
the axes. With the Offset command, construct vertical lines (3) and horizontal
lines (4) offset relative to the vertical and horizontal axes. Edit the resulting
geometry using Trim.

Fig. 2.134. Top view

6. Construct the front view in projection from the top view. Activate the
auxiliary drafting modes & Polar Tracking, "] Osnap, and .~ Object Snap Tracking
via the Status Bar. Enable the essential object snaps: endpoint and intersection.

7. Using the Line command, draw the outline of the front view (Fig. 2.135)
In projection from the top view.

a b C d
Fig. 2.135. Sequence of constructing the front view
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To accomplish this, move the cursor to point 1 after starting the command
and hold it there until the snap marker appears. Then move the cursor upward. A
temporary construction tracking line will appear, projecting point 1 (Fig. 2.135, a).
Click to create point 2 on this line. The views should be placed sufficiently close
to one another to simplify tracking.

Move the cursor rightward from point 2, and when a tracking line appears,
move it toward point 3 (Fig. 2.135, b). When the snap marker appears, move the
cursor upward again. Continue until the tracking lines intersect at point 4, then
click. Specify the vertical direction and draw the segment from point 4 to point 5
(Fig. 2.135, c¢). Then move the cursor leftward from point 5. After the tracking line
appears, move it toward point 7. Once the snap marker is visible, move the cursor
upward until the tracking lines from points 7 and 5 intersect at point 6. Click to
confirm,

Construct the remaining segments in a similar manner. Construct the
internal contour (Fig. 2.135, d) by tracking point 9 from point 8.

8. Construct the left-side view in projection from both the front and top
views. To do this, create the 45-degree miter line (Fig. 2.136, a), which serves as a
reference for transferring dimensions between the existing views.

It is recommended to place it on a construction layer, which can be turned
off once the reference line is no longer needed. To create this line, use the Line
command. Specify point 1 as close as possible to the existing views and, with
polar angle tracking enabled, draw a line at an angle of —45°. Through the
intersection of the horizontal axis of symmetry of the top view and the reference
line, construct the vertical axis of symmetry for the left-side view, making osi the
current layer.

Begin constructing the left-side view with the outer contour. Verify that the
required object snaps are active. In this case, enable endpoint, intersection, and
quadrant. After launching the Line command, track point 1 horizontally toward the
reference line (Fig. 2.136, b). Type ttp (temporary track point) on the keyboard.
When the cursor reaches the reference line at temporary point 2 (arrow 1) and the
crosshair marker appears, click the left mouse button. Change the tracking
direction to vertical (arrow 2). Move the cursor back to point 3 and begin shifting
it to the right. A horizontal tracking line from point 3 will appear (arrow 2). At the
intersection of this tracking line and the previously obtained vertical line from
point 2, fix point 4. Then determine point 5 by tracking from point 6 and point 7
from point 8 (Fig. 2.136, c¢). Once half of the contour is completed, mirror it about
the axis of symmetry using the Mirror command (Fig. 2.137).
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Fig. 2.136. Constructing the left-side view in projection
from the other two views

Mirror v Original

1" elements o

k4
| Mirror axis
points

9

I

Fig. 2.137. Using the Mirror command to generate the symmetric half of the view
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Construct the inner contour in the sectioned region using the same technique
— by tracking point 10 from point 9, and point 12 from point 11.

9. Apply hatching to the sectional view. Set the hatch layer current. Select
the required region in the front view (Fig. 2.138) and specify the hatch pattern
(desired style, angle, and spacing). It is recommended to create the hatching for
each view separately to simplify subsequent editing.

10. Add the dimensions.

11. Complete the drawing in paper space using a scale of 2:1 (Fig. 2.139).

contours @\ Result

\6/
]~
Fig. 2.138. Hatching in the sectional views
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Fig. 2.139. Completed drawing
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2.4. Solid Modeling

Solid modeling in computer-aided design is an advanced stage of two-
dimensional automated geometry creation. The resulting 3D models offer high
realism and are convenient for a wide range of scientific, engineering, and
practical applications. All previously acquired knowledge and skills will be
essential for understanding the material presented in this section.

2.4.1. 3D Modeling Workspace

AutoCAD includes a dedicated 3D Modeling workspace for creating and
editing three-dimensional geometry. When you switch to this workspace using the
status bar, the ribbon layout changes accordingly (see Fig. 2.140), and the
available tool panels will be described later.

DmCEHEBD 8w A shae Dravingl... b Type a keyword or phrase o A& ‘El=4- ®- -oOXx

Home  Selid  Surface  Mesh  Visualize  Parametric  Inset  Annotate  View Manage Output  Collaborate  Express Tools El-

| O @ePrB s -naeBY of o & @ & |
s PR UBE N/ O BOCRI - i~ d | Lo
Box  Extrude " Smooth s LA W | Section Coor... View | Selection Layers | Groups View

© obet @ @ FO- OO - 4 AR €83+ Plane
Meodeling Mesh v Selid Editing ~ Draw « Modify « Section v ¥ v v v v v v

Fig. 2.140. Ribbon layout in the 3D Modeling workspace

Note that the graphical area used for 2D drafting is actually a special case of
the 3D modeling environment, because in 2D mode the Z-axis is oriented
perpendicular to the screen. When you rotate the view (Shift + mouse wheel), the
Z-axis becomes visible, and all existing geometry lies in the XY plane.

2.4.2. Viewport Controls

The viewport controls appear in the upper-left corner of any active viewport
(Fig. 2.141). They provide quick access to view settings, visual styles, and other
display options.

Start  Drawing1* X -

[=][Top][2D Wireframe]

Fig. 2.141. Viewport controls

Clicking the +/- control opens a menu where you can configure multiple
independent viewports using the Viewport Configuration List (Fig. 2.142). When
multiple viewports are active, each one includes its own control bar, letting you
adjust each viewport separately.
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Restore Viewport

Viewport Configuration List £ Custom Viewport Configuration
~  ViewCube Single
SteeringWheels Two: Vertical
«  Mavigation Bar Two: Horizontal
Three: Right
Three: Left
Three: Above
Three: Below
Three: Vertical

Three: Horizontal
Four: Equal
Four: Right
Four Left

Cenfigure...

Fig. 2.142. Viewport Configuration List
The View control (default setting) displays the current viewing direction for the
selected viewport. It expands to show a full list of preset views — top, front, isometric,
etc. —as well as projection types such as parallel and perspective (Fig. 2.143).

[ 12D Whreframe]

Custom Model Views
~  Top

Bottom
Left
Right
Front
Back
SW lsometric
5E Isometric
ME lsometric
MW [sometric

View Manager...

~  Parallel

Perspective

Fig. 2.143. List of views available for the active viewport

If up to four viewports are displayed simultaneously, each one can show a
different view of the model. To activate a viewport, hover over it and click the left
mouse button. The active viewport is highlighted in blue (Fig. 2.144).
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2.4.3. ViewCube

Custom Visual Styles

v 2D Wireframe
Conceptual
Hidden
Realistic
Shaded
Shaded with edges
Shades of Gray
Sketchy
Wireframe
X-ray

Visual Styles Manager...

Fig. 2.145. List of visual styles
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Fig. 2.144. Example of a four-viewport configuration with customized views
The 2D Wireframe button indicates the current visual style. Clicking it

opens a selection of built-in visual styles (Fig. 2.145). From here, you can also
access the Visual Styles Manager for advanced settings.

The ViewCube is a 3D navigation widget (Fig. 2.146) typically located in
the upper-right corner of the drawing area. You can hide or show it using the
ViewCube option in the navigation tools settings accessed through the [+/-] menu
(Fig. 2.147).
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Restore Viewport
W ToP E Viewport Configuration List »

»  ViewCube

@

SteeringWheels

Wes « »  Mavigation Bar

Fig. 2.146. ViewCube Fig. 2.147. Enabling or disabling the ViewCube

Each part of the ViewCube responds to selection:

— Clicking a face switches to a primary orthographic view (Top, Front,
Left, etc.).

— Clicking an edge sets an intermediate view between major directions.

— Clicking a corner selects a standard isometric view.

2.4.4. Three-Dimensional Coordinates

3D coordinates, like 2D ones, can be defined in absolute values (measured
from the origin) or relative values (measured from the last specified point). For
objects in 3D space, Cartesian, cylindrical, and spherical coordinate systems are
used.

Cartesian coordinates define a location using three coordinate directions X,
Y, and Z, and are used similarly to their two-dimensional form: X, Y, Z.

Cylindrical coordinates correspond to 2D polar coordinates with the
addition of the Z-coordinate.

Spherical coordinates are defined by the distance from the origin, the angle
between the radius vector and the X-axis in the XY plane, and the angle of its
inclination to that plane.

2.4.5. Coordinate System Management

The World Coordinate System (WCS) is the fixed, default Cartesian system
used by AutoCAD. Any other coordinate system created by the user is a User
Coordinate System (UCS). The active UCS defines the working XY plane for
modeling and the orientation of the Z-axis.

To modify the current UCS or create a new one in the 3D Modeling
workspace, use: Ribbon — HOME — COORDINATES panel (see Fig. 2.148).
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Fig. 2.148. Coordinates tool panel

AutoCAD provides the following UCS tools:
I, — Toggle the UCS icon and change its placement.
— Set the UCS icon style.
{2, — Control and edit UCS settings.
[E — Manage named UCS configuration.
[% — Switch to the World Coordinate System.
1¢r — Rotate the UCS around the X-axis (additional options for Y and Z are
available)
[*. — Restore the previous UCS.
f=. — Fefine a new UCS by specifying a new origin.
tz — Align the UCS with the positive Z direction.
f2, — Define a UCS by three points (origin, point on +X, point on +Y).
Align the UCS XY plane to:
1 — the screen plane;
@ — an object;
[@ —asolid face.

2.4.6. Visualization Control of Geometric Objects

AutoCAD provides a comprehensive system of visual styles, which
determine how three-dimensional models are displayed on the screen. Visual
styles define a combination of parameters such as shading, lighting, transparency,
edge visibility, and the influence of materials. These settings allow users to choose
the most appropriate representation of a model for drafting, analysis, or
presentation.

By default, AutoCAD displays 3D geometry using a wireframe, which
shows only the edges of objects. While this representation is lightweight and
efficient for editing, it is not always visually clear—especially when dealing with
complex or densely detailed models.
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In the 3D Modeling workspace, the View panel of the Home ribbon tab
contains a drop-down list of available visual styles (Fig. 2.149).

"R

20 Wirefrarne  Conceptual Hicdden Realistic
Shaded Shaded wi... Shades of Gray Sketchy
Wireframe #-Ray

Save as a New Visual Style ...

Visual Styles Manager...

Fig. 2.149. Visual styles drop-down menu

Each style provides a different way of interpreting the geometry:

2D Wireframe — displays objects with clean, optimized linework suitable for
precise 2D drafting; ideal when working primarily in plan or elevation.

Conceptual — applies stylized shading with smooth transitions between
warm and cool tones, improving visual perception of form during the conceptual
design stage.

Hidden — presents the model as a wireframe but automatically removes the
lines associated with hidden edges, making the geometry easier to interpret.

Realistic, Shaded, Shaded with Edges, Shades of Gray — a group of shading-
based modes:

» Realistic displays materials and textures, giving an almost rendered

appearance.

» Shaded focuses on smooth color transitions without applying material

properties.

» Shaded with Edges combines shading with clearly visible object edges.

» Shades of Gray provides a neutral grayscale visualization for better

contrast and reduced distraction.

Sketchy — simulates a hand-drawn sketch, which may be useful for early
design communication or stylistic presentations.
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Wireframe — shows detailed 3D wireframe geometry, including all edges.

X-Ray — applies a semi-transparent effect, allowing the user to see internal
elements or overlapping components without changing the model’s structure.

The selected visual style affects only the active viewport, allowing different
viewports to display the same model in different ways — for example, wireframe in
one window and realistic shading in another.

At the end of the list, the Visual Styles Manager button (Fig. 2.150) provides
access to advanced settings. Here, users can browse existing visual styles, review
their predefined parameters (lighting models, edge settings, transparency,
materials, etc.), and create customized styles tailored to specific project needs.
This enables greater control over how the model is interpreted visually during
various design stages.

: Available Visual Styles in Drawing -
~
@ -
... v
2D Wireframe S © ¢ N
2D Wireframe options .
Contour lines 4
Draw true silhou... No
2D Hide - Occluded Lines v
Color ByEntity
Linetype Off
2D Hide - Intersection Edges v
e Show No
§ Color ByEntity
Z 2D Hide - Miscellaneous -
E Halo gap % 0
g Display resolution -
= Arc/circle smoot... 1000
2 Spline segments 8
= Solid smoothness 0.5
&

Fig. 2.150. Visual Styles Manager
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2.4.7. Creating Solids (Primitives)

In the 3D Modeling workspace, AutoCAD provides a dedicated set of tools
on the Solid tab for creating basic three-dimensional shapes known as solid
primitives (Fig. 2.151). These primitives serve as the foundational elements for
building more complex models and are often used as starting geometry for further
editing, Boolean operations, or surface modifications.

Home  Selid  Suface Mesh  Visualize Parametric  Insert  Annotate View Manage Output Collaborate  Express Tools

fee B GO POF=2D O W CW A e

p I
Polysolid  Solid History ‘i rep Sweep  Union Subtract Intersect Fillet Edge Taper Faces  Shell Sect|on Culling| NoFilter  Move
() Sphere - i@ Revolve M +|§| D_l T Plne (B M Gizme

Primitive Solid Boolean Solid Editing Section * § Selection

Fig. 2.151. Tool panels of the Solid tab

Let us now consider the tools for constructing several 3D primitives.
2.4.7.1. Box

The BOX command creates a rectangular solid whose base lies on the XY
plane of the active UCS (Fig. 2.152). This is one of the most frequently used
primitives, as many objects can be modeled efficiently by starting with a box and
then modifying or combining it with other solids.

Fig. 2.152. Parallelepiped

To access the tool: Ribbon — SOLID — PRIMITIVE — [J BOX. After
activating the command, AutoCAD prompts the user through several input
options:

Command: BOX

Specify first corner or [Center]: — specify the first corner of the base in the
usual way.

Specify other corner or [Cube/Length]: — defines the opposite corner of the
base rectangle.
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The Center option allows creation of a box by specifying the center point of
the base instead of a corner. This is useful for symmetrical modeling or when
placing an object relative to a midpoint.

Specify center: — specify the base center;

Specify corner or [Cube/Length]: — specify a base corner or choose an
option;

Specify height or [2Point] <>: — height can be either typed numerically or
defined using two picked points.

Choosing Cube constructs a solid where all three dimensions are equal,
forming a perfect cube based on the entered edge length.

The Length option enables modeling a parallelepiped by entering:

— Length — the dimension along the X-axis of the current UCS,

— Width — the dimension along the Y-axis,

— Height — which can be entered numerically or defined by two points.

This method gives precise control over orientation and proportions when the
direction of the edges relative to the UCS matters.

2.4.7.2. Cylinder

The CYLINDER command creates a solid cylinder and supports both
circular and elliptical bases. This makes it a versatile tool for modeling mechanical
components, architectural elements, or any geometry based on rotational surfaces.

You can launch the command by navigating to: Ribbon — SOLID —
PRIMITIVE — [_] CYLINDER.

When the command is activated, AutoCAD prompts the user to define the
base:

Command: CYLINDER

Specify center point of base or [3P/2P/Ttr/Elliptical]: — specify the center
point of the cylinder base.

Specify base radius or [Diameter] <>: — specify the radius or the diameter.

3P option — constructs the base of the cylinder by specifying three points
that lie on the base circle.

2P option — defines the base using two opposite endpoints of the diameter.

Ttr option — constructs the base circle tangent to two selected objects in its
plane and defined by a radius.
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After defining the base using one of the above options, the program prompts
for the height:

Specify height or [2Point/Axis endpoint] <>: — enter the height value or
choose an option.

2Point option — define the height using two points.

Axis endpoint option — specify the second endpoint of the cylinder’s axis.
This option allows changing the inclination angle of the cylinder relative to the
XY plane (Fig. 2.153).

Fig. 2.153. Height and inclination defined by axis endpoints 1 and 2

Elliptical option — constructs an elliptical cylinder. When this option is
selected, the program requests points for constructing the elliptical base and then
the cylinder height.

Elliptical cylinder: choosing the Elliptical option switches the command to
constructing an elliptical base:

— specify the major axis;

— specify the minor axis;

— define the height.

This enables modeling non-circular cylindrical forms, which are often
required in architectural, industrial, or ergonomic design.

2.4.7.3. Cone

The CONE command allows the creation of several variations of conical
solids, including:

—a full right cone,

—a truncated cone (frustum),

—an inclined cone,
with either a circular or elliptical base (Fig. 2.154). These forms are frequently
used in mechanical design, architecture, and geometric modeling.
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You can access the tool by navigating to: Ribbon — HOME —
MODELING — ¢ CONE.

When the command is activated, AutoCAD first prompts you to define the
base of the cone:

a b c

Fig. 2.154. Cones created with the Cone command:
a— full right cone; b —truncated right cone; ¢ — full inclined cone

The available options are the same as those used for constructing a cylinder.
Additionally, the radius of the top base of a truncated cone is specified.

Command: CONE

Specify center point of base or [3P/2P/Ttr/Elliptical]:

Specify base radius or [Diameter] <>:

Specify height or 2Point/Axis endpoint/Top radius]<>:T

Specify top radius <...>: — specify the radius of the top base of a truncated
cone;

Specify height or [2Point/Axis endpoint] <>:

2.4.7.4. Sphere

The SPHERE command creates a spherical solid based on different input
methods: by specifying the center and a radius or diameter, by three points on the
surface, by two endpoints of the diameter, or by defining points of tangency to two
2D objects together with a radius (Fig. 2.155).

Command launch sequence: Ribbon — HOME tab — MODELING panel
— () SPHERE command.

Command: SPHERE

Specify center point or [3P/2P/Ttr]: — specify the center point of the sphere,
or choose one of the available construction options.

Specify radius or [Diameter] <>: — allows entering the radius, or selecting
Diameter to define the sphere using its diameter value.
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Fig. 2.155. Sphere model

3P option — sphere defined by three points. This method constructs a sphere
that passes through any three points in 3D space. It is useful when the sphere must
reference existing geometry.

Specify center point or [3P/2P/Ttr]: 3P

Specify first point:

Specify second point:

Specify third point:

2P option — sphere defined by diameter endpoints. This option constructs a
sphere by specifying two opposite endpoints of its diameter.

Specify center point or [3P/2P/Ttr]: 2P

Specify first end point of diameter:

Specify second end point of diameter:

Ttr option — sphere tangent to two objects and defined by radius. This
construction mode creates a sphere that is tangent to two selected 2D objects
(lines, arcs, circles, etc.) and whose size is determined by a specified radius. It is
especially effective when geometric constraints require an exact tangency
relationship.

Specify center point or [3P/2P/Ttr]: T

Specify point on object for first tangent: — first object;

Specify point on object for second tangent: — second object;

Specify radius of circle <>: — specify the required radius.

Regardless of the chosen input method, the result is always a solid sphere,
suitable for Boolean operations, sectioning, transformations, and further modeling
workflows.
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The 3P, 2P, and Ttr options provide advanced geometric control, allowing
the sphere to be precisely integrated into complex models or aligned with existing
elements.

2.4.7.5. Pyramid

The PYRAMID command allows constructing regular pyramids by
specifying the center of the base, the radius (or diameter) of the circumscribed or
inscribed circle of the base polygon, and the height. A truncated pyramid can also
be created by using an additional option that requests the radius of the circle
circumscribed around the top base (Fig. 2.156).

a b C
Fig. 2.156. Pyramids created with the Pyramid command:
a — full right pyramid; b — truncated right pyramid; ¢ — full inclined pyramid

Accessing the command is performed through: Ribbon — HOME tab —
MODELING panel — <> PYRAMID command.

Command: PYRAMID

4 sides Circumscribed — this message indicates the current definition of the
polygonal base — in this example, a four-sided base with a circumscribed circle.

Specify center point of base or [Edge/Sides]: — specify the center of the
polygonal base, or choose one of the options.

Specify base radius or [Inscribed] <>: - enter the radius of the
circumscribed circle, or select Inscribed to use the radius of the inscribed circle
instead.

Edge option — constructs the polygonal base by specifying the length of a
side, either numerically or by selecting two points.

Sides option — allows entering the number of sides of the polygonal base.

Specify height or [2Point/Axis endpoint/Top radius] <>: — the options are
analogous to those described above for the Cone command.
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2.4.7.6. Wedge

The WEDGE command creates a solid wedge whose edges are parallel to
the X, Y, and Z axes of the current coordinate system. The available options
correspond to the prompts used in the BOX command. When constructing a
wedge, it is important to note that its base lies parallel to the XY plane, while the
sloped face is positioned opposite the first base corner specified by the user. The
height of the wedge is aligned with the Z-axis (see Fig. 2.157).

Access to the command is performed as follows: Ribbon — HOME tab —
MODELING panel — (> WEDGE command.

X

Fig. 2.157. Wedge shape depending on the order
of specifying the base corners

Command: WEDGE

Specify first corner or [Center]: — specify the first corner of the rectangular
base, or choose the Center option.

Center option — constructs the wedge by specifying the center of the
rectangular base, followed by one of its corners.

Specify center: — define the center of the base;

Specify corner or [Cube/Length]: — specify a corner or choose an option;

Specify height or [2Point] <>: — enter the height or use 2Point to define
height using two points in space.

Cube option — creates a wedge where all three primary dimensions (length,
width, height) are equal.

Length option — Models a wedge by specifying the length, width, and height,
similar to the BOX command. This option gives precise control over the
rectangular base dimensions before the sloped face is generated.

When creating a wedge, the first specified base corner determines the
position of the sloped face. To ensure correct orientation, select the corner along
the intended slope direction or adjust the UCS beforehand.
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2.4.7.7. Torus

Creation of a solid figure in the form of a torus (Fig. 2.158) is performed
using the following command: Ribbon — HOME tab — MODELING panel —
([© TORUS command.

Fig. 2.158. Formation of torus elements:
1 —center; 2 - diameter of the path circle; 3 — generatrix

Command: TORUS

Specify center point or [3P/2P/Ttr]: — specify the center of the torus or
choose one of the options (the options are described in subsection 2.4.7.2).

Specify radius or [Diameter] <>: — specify the radius or diameter of the
path circle (the circle along which the center of the generatrix moves).

Specify tube radius or [2Point/Diameter]: — specify the radius of the
generating circle (tube radius) or select an option to define it.

2.4.8. Projection Views of a 3D Object in the Layout Space

Generating projection views of 3D models in the layout space is performed
using the VIEWBASE command. The command is launched as follows: Ribbon
— HOME tab — right-side View panel — BASE menu — 8 FROM MODEL
SPACE.

Command: VIEWBASE

Specify model source [Model space/File] <Model space>: — specify where
the 3D object to be processed is located: in the model space of the current drawing
or in an external file.

Select objects or [Entire model] <Entire model>: — select individual solids
or all available geometry.

Enter new or existing layout name to make current or [?] <Layoutl>: —
enter the name of the layout or accept the default value shown in angle brackets by
pressing Enter.
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After this, AutoCAD switches to the specified layout space. The next
prompts refer to view configuration:

Specify location of base view or [Type/sElect/Orientation/Hidden
lines/Scale/Visibility] <Type>: — specify the location of the main (base) view by
clicking on the sheet, or choose one of the available options.

Type option — defines the number of views to place on the layout: only the
base view, or the base view and all necessary projected views associated with it.

Enter a view creation option [Base only/base and Projected] <Base and
Projected>: B

Select option — modifies the set of 3D objects to be represented on the
layout.

Select objects to add or [Remove/Entire model/LAYout] <return to
layout>:— definition of the objects in model space that should be added to the
layout, or selection of the required option. Remove deletes the specified elements
from the set displayed in the layout space; Entire model selects all existing 3D
models; Layout returns to the layout space.

Orientation option — defines the projection direction.

Select orientation [Current/Top/Bottom/Left/Right/Front/BAck/SWiso/SE iso/NE
ISO/NW iso] <Front>: — specifies the projection direction. The Current option
uses the active view from model space, while Top, Bottom, Left, Right, Front, and
Back generate standard orthographic projections from the corresponding
directions. The options SW iso, SE iso, NE iso, and NW iso produce isometric
views, where the projection directions are designated according to compass points
(S — south, W — west, N — north, E — east).

Hidden lines option — controls the appearance of edges and shading.

Select style [Visible lines/visible and hidden lines/Shaded with visible
lines/sHaded with visible and hidden lines] <Visible and hidden lines>: — selects
the display style of the generated view. The choices include visible lines only,
visible and hidden lines, shaded representation with visible edges, and shaded
representation with both visible and hidden edges.

Scale option — defines the drawing scale:

Enter scale <>: — enter the required scale value.

Visibility option — controls the visibility of intersection edges, tangent
edges, and other display elements.

Editing the generated views becomes available after double-clicking on any
view in the layout space. The corresponding modification tools appear on the
ribbon (Fig. 2.159).
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Fig. 2.159. View modification panel

As shown in the figure, the ribbon contains several options of the
VIEWBASE command, including visualization settings and scale controls.

2.4.9. 3D Primitives and Development of Their Drawings

This example is intended to facilitate the acquisition of practical skills in
constructing computer-based three-dimensional geometric models and preparing
their corresponding engineering drawings. Variants of individual assignments are
provided in Appendix B.3.

The purpose of the work is to generate solid models using primitive
modeling commands based on the given projections (Fig. 2.160), and subsequently
to develop the necessary drawing views — front, top, left, and axonometric —
within the layout space of the system..

g4l

5
40
50

1
L~

Fig. 2.160. Assignment “3D Primitives”
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Sequence of construction

1. Study the assignment, identify the elementary geometric forms involved,
and determine the required modeling operations.

2. Open the appropriate template file. Switch to the 3D Modeling
workspace, which provides tools for both two-dimensional and three-dimensional
constructions. Save the drawing under the name “3D primitives”.

3. Configure four viewports and assign to them the front, top, left, and
axonometric views, respectively.

4. Select an initial primitive, for example, a cylinder. Construct it using the
Cylinder command with a height of 50 mm and a base radius of 20 mm, placing
the center at coordinates (0, 0, 0) (Fig. 2.161). All subsequent primitives should be
positioned relative to this point.

For instance, construct a truncated pyramid using the Pyramid command,
with the center of its lower base at (35, 30, 0). Specify 6 sides (option Sides), set the
radius of the inscribed circle of the lower base to 20 mm (option Inscribed), define
the upper base radius as 10 mm (option Top radius), and assign a height of 40 mm.

+][Front][2D Wireframe]

Model  Layout! = Layout? = + MODEL | i3 ~ | [fm

Fig. 2.161. Cylinder displayed in multiple viewports

5. Construct a wedge using the Wedge command (Fig. 2.162). Define the
first and second base vertices at (0, 0, 0) and (-35, —15, 0). Assign a wedge height
of 25 mm, then translate the solid by —25 mm along the X-axis (Fig. 2.163), by 12
mm along the Y-axis, and by 10 mm along the Z-axis.
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2
Fig. 2.162. Construction of the wedge Fig. 2.163. Translation of the wedge

6. Create a cone using the Cone command. Its base must lie on the inclined
face of the wedge; therefore, it is necessary to redefine the user coordinate system
(UCS) as follows: Ribbon — HOME tab — COORDINATES panel — “|Face
command.

This aligns the UCS with the selected face of the 3D object (Fig. 2.164).

Fig. 2. 164. Cone positioned with its base on the wedge face

7. Construct the cone with a radius of 15 mm and a height of 35 mm, and
then translate it into the required position in accordance with the dimension of 18
mm (see Fig. 2.160).

8. Generate the drawing views in the layout space using the following
sequence: Ribbon — HOME tab — right View panel — BASE menu —
% FROM MODEL SPACE.

Select the primitives in model space, specify the name of the layout on
which the drawing will be prepared, and position the top, left, and axonometric
views.

Note that upon transferring the model into the layout space, the system
automatically creates the layers MD_Hidden (hidden lines) and MD_Visible
(visible lines).

9. Add centerlines to the applied views and place dimensions on the dim layer.

10. Finalize the drawing (Fig. 2.165).
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Fig. 2.165. Example of the “3D Primitives” assignment
2.4.10. Commands for Constructing Complex Objects

Solids may be constructed not only by means of the solid primitives
described above but also through kinematic methods of geometric generation —
such as extruding a closed profile along a specified direction or revolving it about
a defined axis. When the profile is an open contour, these operations result in the
creation of surfaces rather than solid bodies.

More complex geometries may additionally be obtained through the
application of Boolean operations, including union, subtraction, and intersection,
which allow combining or modifying solids to form intricate composite objects.

2.4.10.1. Extrude

The EXTRUDE command generates solid bodies by extruding closed
profiles along a specified direction or path.

Access to the command is provided as follows: Ribbon — HOME tab —
MODELING panel — @t EXTRUDE command.

Command: EXTRUDE
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Current wire frame density: ISOLINES=8, Closed profiles creation mode =
Solid — a message displaying the current settings of the command.

Select objects to extrude or [MOde]: MO Closed profiles creation mode
[SOlid/SUrface] <Solid>: SO — defines the type of model to be created: a solid
or a surface.

Select objects to extrude or [MOde]: — select the objects to be extruded.

Specify height of extrusion or [Direction/Path/Taper angle/Expression]
<>: —specify the extrusion height or choose one of the available options.

As a result, the command constructs the required 3D figure (Fig. 2.166).

a b

Fig. 2.166. Creating a model of the required height:
a—original profile; b — resulting solid

The Direction option generates the object by translating the profile along a
direction and distance defined by two points (Fig. 2.167).

a b

Fig. 2.167. Solid created using the Direction option:
a—original profile; b — resulting model

The Path option allows the profile (generatrix) to be extruded along a
specified path, that is, a guiding curve (Fig. 2.168).
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Fig. 2.168. Use of the Path option:
a — generatrix and guiding path; b — resulting solid

Line segments, circles, arcs, ellipses, polylines, splines, and similar entities
may be used as extrusion paths.

The Taper angle option provides the construction of a solid that expands or
tapers relative to the original profile (Fig. 2.169).

Fig. 2.169. Use of the Taper angle option

In response to the system prompts, the user must specify the taper angle and
the height of the modeled figure. Permitted angle values range from —90° to +90°.
Positive values produce a tapered (narrowing) solid, whereas negative values
result in an expanding one.

2.4.10.2. Revolve

The REVOLVE command enables the creation of solid objects by revolving
a profile (closed or open contour) around a specified axis (Fig. 2.170).

Access to this command is provided as follows: Ribbon — HOME tab —
MODELING panel — s REVOLVE command.

Command: REVOLVE
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Current wire frame density: ISOLINES=8, Closed profiles creation mode =
Solid — a message indicating the current settings of the command.

Select objects to revolve or [MOde]: _MO Closed profiles creation mode
[SOlid/SUrface] <Solid>: SO - specifies the type of model to be created: solid
or surface.

Select objects to revolve or [MOde]: — select the objects to be revolved.

Specify axis start point or define axis by [Object/X/Y/Z] <Object>: — specify
the starting point of the axis of revolution or choose one of the available options.

Specify axis endpoint: — specify the endpoint of the rotation axis.

Specify angle of revolution or [STart angle/Reverse/EXpression] <>: -
enter the required angle of revolution.

Figures 2.170 and 2.171 illustrate solids created by revolving the original
profile: Fig. 2.170 shows the result of a full 360° rotation, while Fig. 2.171
demonstrates the use of a different axis and a 270° rotation angle.

Rotation axis
Profile

a b

Fig. 2.170. Application of the Revolve command:
a — profile, axis, 360° rotation; b — resulting solid

Rotation axis

)

Fig. 2.171. Other rotation parameters
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The Object option defines the axis of revolution using an existing line
segment or a polyline segment.

The X, Y, and Z options perform the revolution around the corresponding X,
Y, or Z axes of the current coordinate system.

2.4.10.3. Presspull

The PRESSPULL command creates solid models by pulling the boundaries
of enclosed regions perpendicular to their defining plane (an alternative to the
Extrude command). The profile may consist of separate objects that, when
overlapping, form closed regions suitable for extrusion (Fig. 2.172).

.

Fig. 2.172. Creating a solid using the Presspull command

These tools not only allow the creation of solids but also support their
modification (Fig. 2.173).

Access to the command is provided as follows: Ribbon — HOME tab —
MODELING panel — g PRESSPULL command.

1 z
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Fig. 2.173. Modifying a cylinder (1 and 2 — pull contours)

Command: PRESSPULL
Select object or bounded area: — specify a bounded region or a face.
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Specify extrusion height or [Multiple]: — enter the extrusion height.
The command automatically repeats after each operation. To terminate the
command, press Esc, Enter, or Spacebar.

2.4.11. Boolean Operations

Complex solids can be constructed more effectively by first analyzing the
object and identifying the simple geometric forms from which it can be composed.
This makes it possible to determine how the existing elements should be combined
in order to obtain the required model.

Three Boolean operations are available for such constructions: union,
subtraction, and intersection.

The Union command combines two or more solids into a single composite
body.

The Subtract command removes from the selected solid the volumes
occupied by other specified solids. This operation is commonly used to create
openings by subtracting appropriately positioned cylindrical or prismatic shapes.

The Intersect command produces a solid that represents only the common
volume shared by two or more solids.

The tools for Boolean operations are available on the Solid tab of the ribbon,
within the Boolean panel.

2.4.11.1. Union

The UNION command creates a single solid model from several existing
solids by merging them into one object (Fig. 2.174). It is not possible to unite a
region with a solid body.

Fig. 2.174. Union of three solids using the Union command

Access to this tool is provided as follows:
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Ribbon — SOLID tab — BOOLEAN panel — ¢’ UNION command.
Command: UNION
Select objects — select the solids that are to be unified.

2.4.11.2. Subtract

The SUBTRACT command forms a solid by subtracting the volumes of
other models from the first selected one. The command is launched as follows:

Ribbon — SOLID tab — BOOLEAN panel — & SUBTRACT command.

Command: SUBTRACT

Select objects: — select object 1, from which the subtraction will be
performed (Fig. 2.175).

Select solids, surfaces, and regions to subtract .. — a reminder of the
allowable object types.

Select objects: — select object 2, whose volume is to be removed.

Fig. 2.175. Subtraction of solids

A particular feature of the command is that the first selected object is the
one from which all subsequent selected objects will be subtracted. To proceed to
selecting subtraction objects, press Enter.

2.4.11.3. Intersect

The INTERSECT command constructs a solid by generating the volume
common to the selected objects (Fig. 2.176). The original solids are not preserved
after the operation.

Access to the tool is provided as follows:

Ribbon — SOLID tab — BOOLEAN panel — =) INTERSECT command.

Command: INTERSECT

Select objects: — select the objects and press Enter.

The Intersect operation is particularly useful for deriving precise geometric
relationships between overlapping solids, as it retains only the exact common
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volume shared by them. This allows the creation of complex shapes whose
definition cannot be achieved by primitive modeling alone.

a b
Fig. 2.176. 3D model obtained as the common volume of a circular cylinder
and a regular prism with a hexagonal lateral surface:
a —original objects; b — result of the operation

2.4.12. Editing 3D Objects

This section of the textbook examines several methods for modifying three-
dimensional geometric models. In particular, it concerns tools such as the Gizmo,
which provides functions for moving, rotating, and scaling objects, as well as the
Mirror, Chamfer, and Fillet commands.

2.4.12.1. Using the Gizmo

The Gizmo — a set of graphical, dynamic manipulator guides — serves as an
interactive control mechanism for moving, rotating, and scaling three-dimensional
objects with respect to the principal coordinate axes and planes. It provides a
visual and intuitive interface for spatial transformations, enabling the user to
specify the direction and magnitude of modifications directly within the drawing
area.

By default, the Gizmo is displayed automatically when a 3D object is
selected, provided that the object is shown using a visual style other than 2D
Wireframe. In such cases, the Gizmo becomes the primary tool for precise
manipulation of solids, offering axis-specific handles and planar control regions
that highlight and extend as the cursor hovers over them, thereby indicating the
active transformation direction.
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The icons for &3 3D Move, & 3D Rotate, and 4\, 3D Scale are available on the
ribbon under the Home and Solid tabs: Ribbon — HOME (or SOLID) tab —
MODIFY (or SELECTION) panel. The corresponding menu is shown in Fig. 2.177.

w 3
Mo fiﬂer Mmre
Selection ,@' S
Rﬂ-tate Gizmo
A Scale Gizmo

u’E\anD Gizmo

Fig. 2.177. Gizmo tools

Let us consider the &3 3D Move command.

Select objects: — select the objects to be moved; press Enter to finish the
selection. The Move Gizmo appears (Fig. 2.178), allowing the direction of motion
to be specified easily along coordinate axes or within a coordinate plane. When the
cursor is hovered over an axis, the axis is visually extended, indicating the
direction of displacement.

Fig. 2.178. Example of modifying the position of a prism
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Specify base point or [Displacement] <Displacement>: — specify the base
point of the move.

Specify move point or [Base point/Copy/Undo/eXit]: — define the
displacement distance along the chosen axis or specify the new location directly in
the drawing area by clicking with the left mouse button. The object is then moved
in the selected direction by the indicated amount.

When executing the & 3D Rotate command, the Gizmo is used to define
the axis of rotation. The direction of this axis is established by selecting one of the
coordinate planes, which is displayed as a circular projection; the rotation is then
performed around the axis perpendicular to the chosen plane (Fig. 2.179).

et
s

Rotation axis Plane perpendicular

to the rotation axis

Fig. 2.179. Rotating a prism using the Gizmo

The A 3D Scale command applies uniform scale factors to all dimensions of a
solid model. These factors may be specified numerically or as a ratio of two selected
lengths.

When an object is selected in a 3D visual style, clicking the Gizmo marker with
the left mouse button opens a context menu where the required command may also
be activated (Fig. 2.180).

~  Move
Rotate

Scale
Set Constraint ¥

Relocate Gizmo
Align Gizmo With *

Custom Gizmo

Respect Dynamic UCS

Fig. 2.180. Gizmo context menu
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The context menu item Align Gizmo With contains a drop-down list of
alignment options: with the World Coordinate System (WCS), with the current
User Coordinate System (UCS), or with a selected object.

2.4.12.2. 3D Mirror

This tool operates in a manner analogous to the Mirror command used in 2D
space; however, in three-dimensional modeling the reflection is carried out with
respect to a plane rather than a line. The user defines this mirror plane explicitly,
which makes it possible to produce accurate mirrored copies of complex 3D
geometries in any spatial orientation.

Figure 2.181 demonstrates the outcome of the operation performed with the
3 points option, where the plane of symmetry is established by three user-specified
points, and the original object is preserved while its mirrored counterpart is
generated.

Fig. 2.181. Mirroring with the original object preserved

Access to the command is provided as follows: Ribbon — HOME tab —
MODIFY panel — de 3D MIRROR command.

Command: MIRROR3D

Select objects: — select the objects to be mirrored.

Specify first point of mirror plane (3 points) or [Object/Last/Zaxis/View/
XY/IYZIZX/3points] <3points>: — specify the first of three points that define the
mirror plane, or choose an alternative method for defining this plane:

— Object uses a 2D object as the reference.

— Last applies the plane used in the previous invocation of the command.

— Zaxis defines the plane via a normal vector.

— View uses the current view direction.
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— XY, YZ, ZX correspond to planes parallel to the respective planes of the
current UCS.

Delete source objects? [Yes/No] <N>: — specifies whether the original
object should be deleted.

2.4.12.3. Chamfer Edge

The Chamfer Edge command is widely used in the modeling of engineering
components and mechanical parts. It creates chamfer elements along the edges
formed by the intersection of adjacent faces of a solid. Chamfers are frequently
applied to remove sharp edges, improve part manufacturability, enhance structural
strength, or comply with standard design requirements (Fig. 2.182).

In 3D modeling, chamfers are constructed directly on the solid’s edges, and
the resulting geometry updates automatically to maintain consistency with the
surrounding faces.

Chamfer

Fig. 2.182. Example of chamfer creation

Access to the command is provided through:

Ribbon — SOLID tab — SOLID EDITING panel — ¢ CHAMFER EDGE
command.

Command: CHAMFEREDGE Distancel = 1.0000, Distance2 = 1.0000 —
This message reports the current values of the two chamfer distances, which
represent the lengths of the two legs of the chamfer measured along the adjacent
faces.

Select an edge or [Loop/Distance]: — Here the user selects the edge to be
chamfered or chooses an option.
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The Loop option applies the chamfer to all edges bounding a selected face,
which is convenient when a consistent chamfer is required around the entire
perimeter of a feature.

The Distance option allows redefining the chamfer parameters by specifying
the lengths of the two legs.

Specify Distancel or [Expression] <..>: — enter the first distance value (leg 1).

Specify Distance2 or [Expression] <..>: — enter the second distance value
(leg 2).

Select another edge on the same face or [Loop/Distance]: — continue
applying chamfers to additional edges as needed.

In AutoCAD, chamfer creation is associative: the chamfered edges
automatically adjust to the connected geometry, maintaining clean intersections
between modified faces. This makes the tool highly effective when refining 3D
models prior to fabrication or detailed documentation.

2.4.12.4. Fillet Edge

The Fillet Edge command is likewise used in the modeling of various
components and generates design elements known as edge fillets. A fillet is a
rounded transition between adjacent faces of a solid body, applied to eliminate
sharp edges, improve part strength, increase safety, enhance manufacturability, or
meet design standards (Fig. 2.183).

In contrast to 2D fillets, which modify line segments or curves, the 3D Fillet
Edge tool applies a smooth, curved surface along the edge of a solid, producing a
physically accurate blending of adjacent faces.

Access to the command is provided through:

Ribbon — SOLID tab — SOLID EDITING panel — [ FILLET EDGE
command.

Command: FILLETEDGE

Select an edge or [Chain/Loop/Radius]: — specify the edge to be filleted or
choose one of the available options.

Press Enter to accept the fillet or [Radius]: — press Enter to accept the
default radius or select the Radius option.

Enter fillet radius or [Expression] <>: — enter the required fillet radius.

The Chain option selects a series of connected edges, allowing fillets to be
applied along an continuous path — useful for pipes, frames, or contour-following
transitions.
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The Loop option constructs fillets along all edges bounding a selected face,
ensuring consistent rounding around an entire feature without having to select

each edge individually.
Edge Fillet

Fig. 2.183. Result of applying the Fillet Edge command
2.4.13. Example of Creating a Solid Model from Its Projections

To acquire practical skills in constructing 3D models of mechanical parts, let
us consider the following example. Variants of individual assignments are
provided in Appendix B.4. Assume that the object to be modeled is a housing
component shown in Fig. 2.184.
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Fig. 2.184. Projection drawing of the housing
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The task is to construct a 3D model based on the available front and top
views, along with the sections that reveal the internal geometry of the part.

Sequence of construction

1. Examine the drawing to determine which basic geometric forms
constitute the 3D model and identify their dimensions. Analyze the commands
required for generating individual elements and establish the relationships among
them.

2. Open the appropriate template file. Switch to the 3D Modeling
workspace. Save the model under the name “Housing” (“Korpus™).

3. Construct the right section of the part using the Cylinder and Box commands
to create a cylinder and a rectangular parallelepiped, respectively. Combine these
primitives using the Boolean Union operation (Figs. 2.185, a and 2.185, b). Generate
the inner cavity (wall thickness 10 mm) using the Shell command (Fig. 2.185, c).

a b C
Fig. 2.185. Construction of the right section of the housing:
a—cylinder and parallelepiped; b — union of primitives;
c — interior cavity created using Shell

4. In the central region of the housing, construct a horizontal cylinder with a
base diameter of 56 mm and a length of 60 mm. Unite it with the right section.
Create a through hole with a diameter of 40 mm using the Presspull command
(Fig. 2.186).

5. Remove the internal wall formed between the hole and the cavity using
Solidedit (option Delete), as shown in Fig. 2.187.

6. Construct a slot using the Presspull command (Fig. 2.188).

7. Form the left section of the housing by creating a horizontal cylinder with
a diameter of 32 mm and a length of 50 mm, located 65 mm from the previously
created cylinder (Fig. 2.186).
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Fig. 2.186. Formation of the central section of the housing

Fig. 2.187. Removal of the internal wall

Fig. 2.188. Creation of the slot

a b

Fig. 2.189. Formation of the left section of the housing:
a — cylinder positioned 65 mm from the central one;
b — reinforcing ribs
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8. Construct the vertical and horizontal reinforcing ribs (Fig. 2.189, b).

9. Combine all components of the housing using the Union command.

10. Create the required cylindrical features (a boss on the right side, a
horizontal hole on the left side, and vertical holes), as well as the conical chamfers
shown in Fig. 2.190. Remove unnecessary segments of the reinforcing ribs.

Fig. 2.190. Solid model of the housing

The illustration above demonstrates the completed task of developing a solid
model of the part based on its projection views.

2.5. Conclusions

This chapter has presented the foundations of computer-aided geometric
modeling in AutoCAD. The material covered essential aspects of working with the
software, including the user interface, coordinate systems, units of measurement,
layer management, and viewport control. Considerable attention was given to both
2D and 3D modeling techniques and to the properties and operational principles of
the corresponding geometric entities.

The chapter provided detailed descriptions of the tools used to construct
fundamental geometric primitives—points, line segments, circles, -ellipses,
polygons, splines, boxes, cylinders, cones, spheres, pyramids, and others—as well
as methods for modifying these objects, including the application of parametric
dependencies.

In addition, key tools for preparing engineering drawings were considered,
such as linetypes and lineweights, text and dimension styles, and hatching
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methods. Methods for creating and editing solid models, including chamfers,
fillets, Boolean operations, and kinematic constructions, were also discussed.

Practical examples illustrated how these tools and techniques are applied
when developing solid models from their projection views.

Mastering the material of this chapter enables students to design
components, assemblies, and technical devices of high complexity and quality
during the execution of course and diploma projects. The stated objectives are
achieved through the effective use of modern computer-aided design technologies,
particularly the AutoCAD system.

Control Questions

1. Characterize the primary purpose of the AutoCAD system.

2. Describe the main interface elements of the software presented in this
chapter of the textbook.

3. Name and explain the methods of entering coordinates.

4. Explain the techniques for selecting objects and provide examples of their use.

5. List the main commands for creating two-dimensional primitives and
describe their practical application.

6. Provide a concise overview of the tools for editing 2D objects.

7. Analyze the available workspaces in the AutoCAD system.

8. Justify the necessity of creating template files that include specialized
layers, linetypes and lineweights, text and dimension styles, and other settings.

9. Highlight the advantages of parametric geometric models.

10. Describe the procedure for constructing projection views and the tools
used for this purpose.

11. List the commands for creating 3D primitives and explain their practical
use.

12. Explain the main stages of generating projection views of an object in
the layout space.

13. Discuss the commands for kinematic construction of complex solids.

14. Provide an overview of the purpose of Boolean operations.

15. Analyze the tools for editing three-dimensional figures in AutoCAD.

16. Describe the procedure for creating a solid model based on its
projections.
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3. AUTOMATION OF CONSTRUCTIONS BY MEANS OF VISUAL
BASIC FOR APPLICATIONS

As already noted, the main goal of this textbook is to ensure the
efficient mastering by students of geometric modeling in modern computer-
aided design systems at a more professional level than that of an ordinary
user. This is achieved not only by presenting, in the previous chapter, the
functional capabilities of a particular system, but also by covering general
information on computer-aided engineering graphics (Chapter 1) and the
relevant software tools for automated constructions in this part of the
textbook, which includes the description of the necessary mathematical
foundations of shape generation.

In addition, the textbook emphasizes the importance of understanding
both theoretical principles and practical implementation tools, enabling
students to build a coherent system of knowledge. Such an integrated
approach trains future specialists not only to perform constructions
mechanically but also to analyze and optimise them. It also develops
algorithmic thinking, which is essential for working with modern
engineering environments and for automating repetitive tasks in CAD
systems.

Such an approach provides solid knowledge that can be productively
applied in practice during geometric modeling of technical objects, for
example, in the course and diploma design process. The provided
information on computer-aided shape generation contributes to successfully
mastering other, more complex CAD systems than AutoCAD, such as
SolidWorks, CATIA, etc. The relevance of these tasks is driven by the high
requirements for modern technical products and for the qualification level of
specialists who develop them.

3.1. Visual Basic for Applications in AutoCAD

The Visual Basic environment (Fig. 3.1) is launched from the
AutoCAD drop-down menu using the sequence Tools — Macro — Visual
Basic Editor. Detailed help on the capabilities of Visual Basic can be
accessed through the Help item or by pressing F1 (Fig. 3.2). Information may
be searched either through its hierarchical structure or by using relevant
keywords. Additional reference materials can be found online.

156



: File Edit View Insert Format

ME-d i 20 » n aISFY 21

Debug Run Tools Add-lns Window Help
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Fig. 3.2. Visual Basic Help
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Access to macro management in AutoCAD (Fig. 3.3) is provided through
Tools — Macro — Macros... or by pressing Alt+F8.

A Macros

Macro name:

Step inta

Edit

Create

Delete

YBA Manager. ..

Macros in: All active drawings and projects s Options...

Description:

Fig. 3.3. Macro Management Menu

When creating a new macro, its name is specified (Fig. 3.4), the Create
button is pressed, and the desired location is selected.
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Fig. 3.4. Creating a New Macro
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After that, the Visual Basic editor automatically opens with a new empty
macro (Fig. 3.5).

‘d Microsoft Visual Basic for Applications - E\AutoCAD\Kpecnennk-01.dwg
© File Edit View Insert Format Debug Run Tools Add-Ins Window Help
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[EP ThisDrawing Sub Points()

End Sub

@j ACADProject (Global1)

< >
Module1 Module v|
Alphabetic Categorized

(Name) Module1

Fig. 3.5. Empty Macro

Next, the required program text is entered — an example is shown in
Fig. 3.6.The macro is executed from within the Visual Basic environment
using the Run menu or by pressing F5. This opens the window displayed in
Fig. 3.7.

A similar result (Fig. 3.8) can be achieved directly in AutoCAD by
selecting Tools — Macro — Macros... in the drop-down menu.

In both cases, the macro is executed by clicking the Run button.

The result of the program (Fig. 3.9) is the creation of three points with
the required coordinates and display parameters.

A detailed explanation of the code is provided below.

Here we focus only on the interface and general workflow for automated

geometric constructions using Visual Basic for Applications in AutoCAD
system.
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Fig. 3.8. Running a Macro from AutoCAD
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161




In the Visual Basic environment, the macro is saved by clicking the Save
button on the Standard toolbar.

The following sections present automated constructions of specific
geometric figures. Each example includes a brief discussion of the underlying
mathematical principles and demonstrates how the figures can be created using
both AutoCAD tools and Visual Basic for Applications.

3.2. Construction of Basic Figures

Experience shows that the rapid and effective adoption of new computer-
aided design systems is greatly facilitated by a solid theoretical foundation.
Such preparation forms the user’s understanding of how graphical software
packages operate at the fundamental level. Part of this groundwork was
established in Chapter 1, where modern computer-aided geometric modeling
was examined, including the development and application of tools used to
represent various objects, processes, and phenomena. The chapter also
described common types of geometric models and their structure.

The purpose of two-dimensional geometric modeling, typically performed
in a plane, is to create graphical constructions that rely heavily on points and
different types of lines. Points are the simplest geometric entities, defined
solely by their spatial coordinates. In CAD systems, a wide range of symbols
and colors can be used to visualise them. Lines, viewed as the paths traced by
moving points, possess length as a key property. Depending on whether a line
lies in a plane, it is considered planar or spatial; in two-dimensional modeling
we work only with the former.

Points are usually defined by their coordinates, while lines are
represented by mathematical equations. Since parametric curves expressed in
the rectangular coordinate system Oxy are the most common in computer-aided
shape generation, they will be the focus of our further consideration. Parametric
definitions are especially convenient in automated modeling, as they allow
figures to be generated algorithmically and easily adapted through changes in
parameter values.

In this subsection, we examine the automated construction of points, line
segments, rectangles, polygons, circles, ellipses, their arcs, and splines. These
figures constitute the foundational elements of two-dimensional modeling and
serve as building blocks for the creation of more complex technical drawings
requiring precision and formal accuracy.
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3.2.1. Points

A large number of computer graphics algorithms rely on operations with
points, which are defined solely by their position in space. Their importance
follows from a fundamental systems principle: any geometric figure can be viewed
as a set of points. In the rectangular Cartesian coordinate system Oxy, a point P is
defined by the radius vector:

P=(x, y). (3.1)

In polar coordinates, the point can be represented as P=(p, ¢), where p is the
radius (distance from the origin) and ¢ is the angle. In AutoCAD, creating a point
simply involves specifying its coordinates. The visual appearance of points on the
screen is controlled through the Point Style dialog, which is accessed using

Format — Point Style... .
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Fig. 3.10. Menu for setting point display parameters

Figure 3.11 shows an example of constructing points directly in AutoCAD
using the sequence Draw — Point — Multiple Point from the traditional menu. The
points were created using the vectors Po=(100, 50), P1=(200, 100), P>=(300, 50)
and the display settings shown in Fig. 3.10.
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Fig. 3.11. Creating points directly in AutoCAD

The same task (see Fig. 3.9) can be completed using the Points macro
shown in Fig. 3.6, the full code of which is provided below.

Sub Points{()
Dim point &z AcadPoint 'point
Dim location{0 To 2) As Double 'array of coordinates %, v, 2 of a point

Dim Points (0 To &) As Double

'array of coordinates X%, v, 2 of three points

'X, ¥, £ coordinates of the array of points (in plane z=0)
Points(0) = 100: Points(l) = 50: Points(2) = 0
Points(3) = 200: Points(4) = 100: Points(5) =0
Points({g) = 300: Points(7) = 50: Points(8) = 0

'point display format
ThisDrawing.SetVariakle "PDMCDE", 34
ThisDrawing.SetVariakle "PDSIZE", -5
'drawing of three points

For i =0 To & Step 3
location(0) = Points (i) 'x
location(l) = Points({i + 1) 'y
location(2) = Points(i + 2) 'z

Set point
Hext 1
End Sub

ThisDrawing.ModelSpace.AddPoint (location)
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Let us clarify how this program works. In the first block (the three lines
immediately following the header), the variables used in the macro are declared. In
the second block (after the fourth comment), the coordinates of the points are
defined. The next block specifies the settings for how these points will be displayed.
Finally, inside the loop, the program generates the corresponding point objects.

The point styles shown in Fig. 3.10 are controlled by the AutoCAD system
variable PDMODE. The first row of symbols corresponds to the values 0, 1, 2, 3,
and 4. Adding 32, 64, or 96 to any of these values selects the second, third, or
fourth row of point styles, respectively.

The PDSIZE variable controls the size of the displayed point markers
(except when PDMODE = 0 or PDMODE = 1). A positive value specifies the
absolute size of the marker, while a negative value specifies a percentage of the
height of the AutoCAD drawing area (PDSIZE = 0 corresponds to 5%).

Point markers are updated after the geometric model is regenerated.

m ™ = E E D ﬂ v < Share Kpecnennk... b | Type a keyword or phrase Q, g virchenko.gen...” =) & = l’:‘l - - O X
File Edit View Inzert Format Tools Draw Dimension Modify Parametric Window Help Express -3 X
Home  Insert  Annotate  Parametric  View  Manage Output  Add-ins  Collaborate  Express Tools  Featured Apps =1~

Stat  Kpecnemmx-01* x4

Model  Layout! | Layout2 | + vopeL [HE] i ~ b [&]~ h - [Z)T - KK A v -+ o=

Fig. 3.12. Example of modifying point display parameters

The figure corresponds to the following fragment of the macro:
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'point display format
ThisDrawing.SetVariakble "PDMODE™, &6
ThisDrawing.SetWVariable "PDSIZE™, 20

An analysis of Fig. 3.12 shows that a drawing grid with a spacing of 10 mm
was used, as confirmed by the coordinates and sizes of the constructed points.

3.2.2. Line Segments

The analytical definition of a line segment with endpoints Po and P; can
be conveniently represented using the following parametric equation:

P(u)=@0-u)P, +uP,, (3.2)

where ue]0, 1] is a parameter.

Any dependence P(t), where te[tmin, tmax], can similarly be rewritten using
P(t(u)), where ue[0, 1], by applying the expression t(u)=tmin(1-u)+Utmax.

Although the points Po ta P: may be represented by their two-
dimensional position vectors (3.1), we will continue to express them in the
more general form of three-dimensional coordinates, as in the previous
programming example. This allows greater flexibility in defining arbitrary
modeling planes within 3D space, or even performing two-dimensional
modeling on other surfaces. These considerations apply to the remaining
material presented in this chapter.

In AutoCAD, straight line segments are created using the sequence
Draw — Line (see the second item from the top in the menu shown in Fig.
3.11). The user simply enters the coordinates of the segment’s endpoints.

The corresponding macro is shown below.

Using this Lines macro, a triangle is constructed (Fig. 3.13) whose
vertex coordinates match the points examined earlier.

Suk Lines()

Dim line As AcadLine 'line segment

'arrays of coordinates %, v, 2 of the endpoints of the line segment

Dim startPoint (0 To 2) As Double, endPoint(0 To 2) &4s Doukle

Dim Points ({0 To 8) As Double 'array of coordinates x, v, Z of triangle
'vertices

'X, ¥, Z coordinates of triangle wvertices (in plane z=0 by default)

Points(0) = 100: Points(l) = 50:

Points(3) = 200: Points(4) = 100:
Points(e) = 300: Points(7) = 50:
'triangle construction
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For i = 0 To & Step 3

i =I1IIf(i <« &, 0, -9) 'shift in the Points array
startPoint (0) = Points (i)
startPointc(l) = Point=s(i + 1)
startPointc (2) = Points (i + 2}
endPoint (0) = Points{(i + 3 + J)
endPoint (1) = Points{(i + 4 + ]}
endPoint (2) = Points(i + 5 + j)
'drawing the line segment
Set line = ThisDrawing.ModelSpace.hddLine (startPoint, endPoint)
Hext i
End Sub
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Fig. 3.13. Result of executing the Lines macro

The comments embedded in the program provide a sufficiently clear
explanation of how it operates.

Here we highlight only the role of the variable j, which becomes non-zero
when constructing the closing side of the triangle. In that step, the coordinates of
the first vertex are reused to complete the final segment.

The adjustments to the z-coordinates in the block that defines the Points
array demonstrate how two-dimensional geometric modeling can be performed in
a plane other than z=0.
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"%, v, Z coordinates of triangle wertices
Point=s(0) = 100: Point=s(l) = 50: Point=s(2) Q0
Point=s(3) = 200: Point=(4) 100: Point=(5) = 200
Point=(6) = 300: Points(7) = 50: Point=(8) = -200

The resulting construction is shown in Fig. 3.14, produced using the
sequence View — Orbit — Free Orbit from the traditional AutoCAD menu. As
seen in the figure, the triangles lie in different planes. This illustrates how two-
dimensional objects may be modeled in three-dimensional space.
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Fig. 3.14. Construction of a triangle in an arbitrary plane using a macro

Thus, at this point we have covered — in both theory and practice — the
automated generation of points and straight line segments in AutoCAD using
Visual Basic for Applications. These elements form the foundation for
constructing more advanced geometric figures.

To build upon this knowledge, we now turn to the automated creation of
rectangles and polygons. These figures extend the basic principles already
introduced and demonstrate how simple geometric entities can be combined
into more complex planar constructions.
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3.2.3. Rectangles

From a systems perspective, a rectangle can be viewed as a composite figure
made up of points (3.1) and line segments (3.2). Since we have already examined
the automated generation of these basic elements, we can now focus on aspects
that have not yet been discussed.

Although a rectangle in AutoCAD can be created manually using four
individual line segments, a more efficient approach is to use the command
sequence Draw — Rectangle (see the ninth item from the top in the drop-down
menu shown in Fig. 3.11). An example of defining this figure with the coordinates
(x, y) of the first corner at (0, 0) and the second corner at (420, 297), dimensions
corresponding to an A3 sheet — is shown in Fig. 3.15.
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1. Fig. 3.15. Creating a rectangle using AutoCAD tools

When the rectangle is selected, the Properties context menu (opened with the
right mouse button) can be used to adjust attributes such as color, layer, linetype,
linetype scale, lineweight, and the coordinates of its vertices, if needed (Fig. 3.16).
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We can also construct the rectangle using a Visual Basic for Applications
macro. In this case, we introduce a new automation technique used in modern
CAD environments: sending a command directly from the macro together with the
required argument values. These arguments replicate the information a user enters

Polyline

General
Color
Layer
Linetype
Linetype scale
Plot style
Lineweight
Transparency
Hyperlink
Thickness

3D Visualization
Material

Geometry
Current Vertex
Vertex X
Vertex Y
Start segment width
End segment width
Global width
Elevation
Area
Length

Misc
Closed

Linetype generation

B cyLayer
0

ByLayer

ByLayer

ByLayer

ByLayer

(=T =N = R =D = R = R ]

Yes
Dizabled

during an interactive command session in AutoCAD.

These arguments replicate the inputs a user would normally provide when
running the command interactively in AutoCAD. The Rectangle macro is shown

below.

Suk Rectangle ()

End Sub

sending
ThiszDrawing. SendCommand

a command to

dutoCAD to

"rectang 0,0 420,297
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This macro uses the SendCommand method, which simulates issuing the
AutoCAD command RECTANG along with the required parameters. In the string
placed in quotation marks, the command and its arguments are specified exactly as
AutoCAD expects them. Note that empty spaces within the string represent the
user pressing the Enter key.

The SendCommand method can be used not only for rectangles but also for
many other AutoCAD commands. By integrating such macros into the design
workflow, even simple geometric constructions can be generated more
consistently and with significantly less effort.

3.2.4. Polygons

Rectangles represent a special case of polygons, so extending automated
modeling techniques to more general polygonal shapes is a next step. Unlike
rectangles, which have fixed orthogonal structure, polygons may vary in the
number of sides, orientation, and geometric properties — making their automated
construction particularly useful in engineering practice.

Polygons can be viewed as a further generalization of points, line segments,
triangles, and rectangles. A polygon is defined as a closed polyline consisting of
vertices (points) connected by straight line segments. In this section, we consider
only simple polygons — those without self-intersections. Depending on the number
of sides n, where n>3 and n € N, polygon is referred to as an n-gon, (triangle,
quadrilateral, pentagon, etc.).

A planar polygon is the finite region of the plane enclosed by the polygon. A
polygon is convex if it lies entirely within one half-plane determined by any of its
sides.

A convex polygon is called regular if all of its sides and interior angles are
equal (e.g., an equilateral triangle, square, pentagon, etc.). A polygon is inscribed
in a circle if all vertices lie on the circumference, and circumscribed about a circle
if all sides are tangent to it.

In AutoCAD a polyline is constructed using the sequence Draw — Polyline
(see the sixth item from the top in the drop-down menu shown in Fig. 3.11).

A corresponding example is shown in Fig. 3.17.
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Fig. 3.17. A closed polyline constructed using AutoCAD tools

The polyline was created with the following vertex coordinates (X, Y):
Po=(50, 50), P1=(150, 150), P.=(250, 150), P3=(350, 50), Po=(50, 50).

The same construction can be reproduced using the Polylines macro in
Visual Basic for Applications, as demonstrated below.

Subk Polylines|()

Dim polyline Bz AcadPolyline 'polyline

Dim Points (0 To 14) Az Double ‘array of coordinates %X, v, £ of polyline
'vertices

', ¥, 2 coordinates of polyline vertices in plane z=(

Points (0) = 50: Points(l) = 50: Points(2) = 0

Points(3) = 150: Point=s(4) = 150: Points(3) = 0

Pointsi(e) = 250: Points(7) = 150: Point=(8) = 0

Points(9) = 350: Points(10) = 50: Points(ll) = 0

Points(1l2) = 50: Points(13) = 50: Points(l4) = 0

'polyline construction
Set polyline = ThisDrawing.ModelSpace.AddPolyline (Points)
End Sub

Let us now consider the geometric modeling of regular polygons (Fig. 3.18).
In AutoCAD, this is performed using the sequence Draw — Polygon (see the
eighth item from the top from the drop-down menu in Fig. 3.11).
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Fig. 3.18. Adding a regular hexagon

To construct a regular polygon, the user in AutoCAD specifies: the required
number n of sides; the coordinates (x, y) of its center C; whether the polygon is
inscribed in or circumscribed about a circle; and the radius R of that circle. In the
example shown, the following values were chosen: n=6; C=(200, 100); an
inscribed circle R=30. The resulting polygon is displayed in Fig. 3.18.

This same figure can be generated using the Polygon macro in Visual Basic
for Applications.

Suk Polvygon ()

'sending a command to AutoCAD to draw a hexagon
ThisDrawing.SendCommand "polyvgon & 200,100 C 30 ™
End Sub

The syntax of this macro is based on the SendCommand method described
in the previous subsection. The arguments required by the POLYGON command
have already been discussed earlier.

173



Since two-dimensional geometric modeling involves not only points and
lines but also regions representing areas of the plane, let us consider an additional
example..

In technical drawings, sectional and cut views are used frequently. These are
represented by applying hatching to closed contours. To perform hatching in
AutoCAD, the user selects the command sequence Draw — Hatch (see the
seventh item from the bottom in the drop-down menu in Fig. 3.11).

The corresponding dialog window is shown in Fig. 3.19, which is similar to
Fig. 2.127 in Chapter 2..

A Hatch and Gradient

Hatch  Gradient Boundaries
Type and pattem ZEE  Add: Pick poirts
Type: Predefined w :
“f | Add: Select objects
Pattem: ANSIA L
P
Color: . ByLayer i E i
Swatch: |/ /I =)
Angle and scale
Options
Angle: Scale:
3 | |2 [] Annotative
Associative
Double Relative to paper space []Create separate hatches
1 Draw order:
Send Behind Boundary
Layer:
Hatch origin Uge Cument w
D lUse cument origin Transparency:
(®) Specfied origin Bylayer “
m Click to set new origin EI |
[] Defautt to boundary extents 7
Bottom left +% B | Inherit Properties
[ Store as default origin
Preview Ok Cancel Help @

Fig. 3.19. Hatch command menu
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In this example, the hatching pattern ANSI31 was selected, and the scale
factor was set to 2. The resulting hatched figure is shown in Fig. 3.20.
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Fig. 3.20. Hatching of a hexagon

The hatched regular hexagon shown above can also be generated using the
Hatches macro in the Visual Basic for Applications environment.

Sub Hatches()

Dim center (0 To 2) As Doukle '%, ¥, Z coordinates of the hexagon center

Dim radiusI As Double 'radius of the inscribed circle of the hexagon
Dim radiusD As Doukle 'radius of the circumscribed circle of the hexagon
Dim polyline (0 To 0) As AcadEntity 'hexagon polyline

Dim Points (0 To 20) As Doukle 'array of coordinates X, v, z of polyline
'vertices

Dim hatch As AcadHatch 'hatch

Dim patternMName As String 'hatch pattern name

Dim patternlype As Long 'hatch pattern type

Dim bAssociativity 4s Boolean 'hatch associativity

n==a 'number of sides of the regular polygon
center (0) = 200: center(l) = 100: center(2) = 0

radiusI = 30

pi =4 * Atn(l) 'constant value

radiusD = radiusI / Cos(pi / n)
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For i=0Ton®* 3 + 2 5tep 3
'¥, ¥, Z coordinates of polyline vertices in plane z=0
Points (i) = center(0) - radiuwsD * Coz(2 * pi / n * Int(i / 3)) "X
Points(i + 1) = center(l) - radiusD * Sin(2 * pi / n * Int{i / 3)) 'y
Points(i + 2) = center(2) 'z

Hext i

'polyline construction

Set polyline (0) = ThisDrawing.ModelSpace.AddPolyline (Points)

'hatch definition

patternName = "ANSI31"

patternlype 0

bhssociativity = True

'creating hatch object

Set hatch = ThisDrawing.ModelSpace.AddHatch (patternIype, patternName, bAssociativity)

hatch.Rotate center, O 'hatch rotation

hatch.AppendfuterLoop polyline 'outer boundary of hatch
hatch.Lineweight = acLnWt035 'hatch line thickness
hatch.PatternScale = 2 'scaling distance between hatch lines
hatch.Evaluate

ThisDrawing.Regen True 'model regeneration
End Sub

Let us clarify how this program operates. The embedded comments explain
the logic of the macro, covering the coordinates of the figure’s center, the radius of
the inscribed circle, the geometric primitives involved (such as the polyline and its
vertices, as well as the hatch object and its properties), the calculations needed to
determine the required values, and the sequence of steps used to construct the final
geometry.

Although the macro is not intended to be fully universal or capable of

modeling all geometric shapes, it nevertheless demonstrates several useful
features.

To make changes in shape, size, or orientation easier to observe, the
resulting figures were placed over the background of the isosceles trapezoid
shown in Fig. 3.17.

As a result of the modifications described below, the image shown in Fig.
3.21 was obtained.

Fig. 3.21. Formation of a hatched equilateral triangle
Dim Points(0 To 11) As Double 'array of coordinates x, ¥, 2 of polyline vertices
n=3 'number of sides of the regular polygon

radiusI = 20
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Fig. 3.21. Formation of a hatched equilateral triangle
The next set of modifications produces the result shown in Fig. 3.22.

Dim Points(0 To 14) As Double 'array of coordinates %, v, 2 of polyline vertices

n=4 'mumber of sides of the regular polygon

radiusI = 20
center(0) = 200: center(l) = 250: center(2) = 0

If a different hatching angle is required for the square, this can be achieved
by modifying only a single line in the macro.

hatch.BRotate center, pi f & 'hatch rotation

Applying the additional modifications shown below yields the image in
Fig. 3.24.

Dim Points(0 To 17) As Doukle 'array of coordinates X, v, 2 of polyline
'vertices

n =25 'namber of =sides of the regular polygon
center (0) = 200: center(l) = 250: center(2) = 0
radiusI = 50

patternName = "HCOHEY"™
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Fig. 3.22. Construction of a hatched square
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Fig. 3.24. A pentagon with HONEY hatching

These practical examples demonstrate the flexibility and efficiency of
automated parametric shape generation using Visual Basic for Applications.
Before moving on, let us consider one more useful capability offered by these
tools.

In AutoCAD system, the Properties menu (as shown earlier in Fig. 3.16) can
be used to obtain information such as the area and perimeter of a constructed
polygon.

Access to this information is also available in Visual Basic for Applications.
If the following lines are added at the end of the macro examined in this
subsection:

Dim polyline2 LAz AcadPolyline

Dim strHandle As String

strHandle = polyline (0) .Handle

Set polyline? = ThisDrawing.HandleToObject (strHandle)
MsgBox "Polygon area: " & polylinel.frea & Chr(l3) _

& "Polygon perimeter: " & polylinel.Length !

the macro will additionally display a message window with the computed results,
as shown in Fig. 3.25.
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Folygon area: 9081, 78160006707
Polygon perimeter; 363,27126400268

Fig. 3.25. Computed area and perimeter of the polygon

We now proceed to the construction of curved lines — specifically circles,
ellipses, and splines.

3.2.5. Circles and Their Arcs

A circle in the rectangular Cartesian coordinate system Oxy, with center
C (Xc,yc) and radius R, can be defined using the following parametric
equations:

X=Xc+ Rcosu; y=yc+Rsinu, (3.3)

where ue[0, 2x].

These expressions are also convenient for constructing circular arcs of any
angular extent simply by adjusting the interval of the parameter u.

In AutoCAD, a circle is created using the sequence Draw — Circle (Fig.
3.26). Several construction methods are available: by center and radius, by center
and diameter, through two points, through three points, and others.

Note. In the following examples, the figures are shown inside a rectangular
A3-format frame within the AutoCAD drawing area for improved clarity.

Circular arcs can also be created using Draw — Arc. As shown in Fig. 3.27,
arcs may be defined in various ways: by three points; by start point, center, and
endpoint; by start point, center, and angle; and so on.

Figure 3.28 illustrates several examples of circles and arcs.

The circles were created by specifying their center C and radius R. For the
larger circle: C=(200, 150), R=100; for the smaller circle C=(100, 150), R=50. For
the smaller one, the Properties menu (see subsection 3.2.3) was used to assign a
red color, a dashed linetype, and a lineweight of 0.4 mm.
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The arcs were constructed by specifying center C, start point Po, and
endpoint P1. For the lower arc: C=(300, 150), Po=(250, 150), P1=(350, 150). For
the upper arc: C=(200, 250), Po=(200, 200), P1=(250, 250). For the latter, a blue
color, a center linetype, and a lineweight 1.2 mm were applied.

The geometric objects discussed above can also be created using a Visual
Basic for Applications macro. The corresponding program is presented below.

Sub Circles|()

Dim circl As AcadCircle ' =]

Dim center (0 To 2) As Doukle ' & center

Dim radius &= Doukle 'circle radius

Dim arc 4= Acadirc 'circle arc

Dim startAngle As Double, endidngle As Double '"start and end angles of the
' circle arc

'®%, ¥, £ coordinates of the center and circle radius
center (0) = 200: center(l) = 150: center(2) = 0:

radius = 100

'drawing circlel

Set circl = ThisDrawing.ModelSpace.AddCircle (center, radius)
'X, ¥, Z coordinates of the center and radius of circlel
center (0) = 100: center(l) = 150: center(2) = 0:

radius = 50

'drawing circle2

Set circl = ThisDrawing.ModelSpace.AddCircle (center, radius)

¥

ircl
ircl

]
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ng circle2 to red color, dashed line and linewe

setting circle2 to red color > & b % ig
circl.color = acRed
circl.Linetype = "dashed"
circl.Lineweight = acLnWt040
circl.Update
pi =4 * Atn(l) 'constant value
£ , 2 coordinates of the center, radius and angles of arcl

= 300: center(l) = 150: center(2) = 0:
radius = 50: startAngle = -pi: endAngle = 0

Nraw ( -
“diawWilly G

Set arc = ThisDrawing.ModelSpace.AddArc(center, radius, startAngle, endAngle)

'X, ¥, 2z coordinates of the center, radius and angles of arc2
center (0) = 200: center(l) = 250: center(2) = 0:
radius = 50: startAngle = -pi / 2: endAngle = 0

Ay a1r e asvy~sD
drawling arcs

Set arc = ThisDrawing.ModelSpace.AddArc(center, radius, startAngle, endAngle)
.5 ’. -~ 1) -1 ~ 1 ) | 1

ZTTIMT AY -

= ’ = } "Mas o~ v  manrtray neweicant mm

tting arc2 to blue cC olor, center line and lineweight 1.2
.color = acBlue

.Linetype = "center2"

.Lineweight = acLnWtl20

.Update
ThisDrawing.Regen Tru
End Sub

This macro is based on the AddCircle and AddArc methods, which construct
a circle from its center and radius, and a circular arc from its center, radius, start
angle, and end angle, respectively.

The comments included in the code explain how the macro operates.

It should also be noted that, before running the program, the linetypes
DASHED and CENTER2 must be loaded into the drawing to ensure proper
display of the constructed objects.

v
(9]

O
H KK
o o0o0

m

'model regeneration

m

3.2.6. Ellipses and Their Arcs

The mathematical properties of ellipses are thoroughly discussed in a wide
range of references. An ellipse centered at the origin of the rectangular coordinate
system Oxy can be defined parametrically as:

X=acosu; y=bsinu, (3.4)

where a and b are the semi-major and semi-minor axes of the ellipse (a > b > 0),
ue[0, 2x] is the parameter.

A more general case is shown in Fig. 3.29, where the ellipse is centered at
C =(xc, yc) and its semi-major axis a is inclined at an angle y relative to the
positive direction of the Ox axis.
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Fig. 3.29. Arbitrary placement of an ellipse in the Oxy plane

he equation of the rotated and translated ellipse can be obtained by first
rotating the base ellipse (3.4) — shown with a dashed outline — around the origin
point O=(0, 0) by the angle vy, and then translating the result by the vector
T:(Xc, yc).

Using homogeneous coordinates, the rotation matrix for angle v is:

cosy siny 0
R(y)=|-siny cosy 0], (3.5)
0 O 1
and the translation matrix is:
100
T(x, y)=/ 01 0| (3.6)
Xy 1

Combining these transformations and applying (3.4) ... (3.6), we obtain:

cosysiny 0|1 0 O
[x y 1-R(»)-T(x,y)=[x y 1]-|-siny cosy 0|-{0 1 0 |=
0 0 1]|xc ycl

cosy siny 0|10 O
—[acosu bsinu 1]-|-siny cosy 0[-| 0 1 0 |=
0 0 1] (xcVycl

=[x. +acosucosy —bsinusiny y. +acosusin y+bsinucosy 1]. (3.7)
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Thus, based on expression (3.7), the resulting equation of the ellipse for the
configuration shown in Fig. 3.29 becomes:

X=Xc+acosu cosy -bsinusiny; y=yc+acosusiny +bsinucosy, (3.8)

where ue[0, 2x].

Equations (3.5) and (3.8) are also convenient for generating an elliptical arc
by restricting the interval of the parameter u.

In AutoCAD, ellipses and their arcs are created using the sequence Draw —
Ellipse in the drop-down menu (Fig. 3.30). Two options are provided for
constructing a full ellipse (center + axes, or axes only), and one option for
constructing an elliptical arc.
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Fig. 3.30. AutoCAD menu for creating ellipses and their arcs

Examples of these constructions are shown in Fig. 3.31. The ellipse has
center C=(200, 150), the endpoint of its first axis at (350, 150) and a semi-minor
axis of 100. The arc is defined by the endpoints (100, 150) and (300, 150) of the
first axis, the semi-minor axis length of 50, and the start and end angles of 0° and
270°, respectively.
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Fig. 3.31. Examples of constructing ellipses and elliptical arcs in AutoCAD

The geometric objects considered above are constructed using the following
Visual Basic for Applications macro. The operation of this program is explained
by the comments included within it.

Suk Ellipses()

Dim ellipse As AcadEllipse 'ellipse

Dim center (0 To 2) &4s Double 'x, v, Z coordinates of the ellipse center
Dim axis(0 To 2) As Double 'vector of the ellipse semi-axis

Dim ratio As Double 'ratio of ellipse axes lengths

Dim startAngle &As Double, endingle &s Doubkle 'start and end angles of the
'ellipse arc

center (0) = 200: center(l) = 150: center(2) = 0

axis(0) = 150: axis(l) = 0: axis(2) = 0

ratio =2 / 3

'drawing ellipse

Set ellipse = ThisDrawing.ModelSpace.hddEllipse (center, axis, ratio)
ellipse.Update

'defining a whole ellipse

center (0) = 200: center(l) = 150: center(2) = 0

axisz(0) = -100: axi=zs(l) = 0: axisz(2) = 0

ratio = 0.5

'drawing the whole ellipse

Set ellipse = ThisDrawing.ModelSpace.fddEllipse (center, axis, ratio)
ellipse.Update
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'transforming the whole ellipse in a
pi =4 * Atn(l) 'walue of
ellipse.=startingle = 0

ellipse.endingle = 1.5 #* pi
ellip=se.Update

End Sub

The operation of this program is explained in detail by the necessary
comments provided in it.

3.2.7. Splines

Splines, originally used by draftsmen as flexible metal strips for drawing
smooth curves, have long served as tools for constructing lines of complex shape.
With the development of appropriate mathematical foundations, splines have
become widely used in modern computer-aided geometric modeling across
various CAD systems.

Among the most popular today are Non-Uniform Rational B-Splines
(NURBS). These curves generalize points, straight-line segments, and second-
order arcs, while also providing a powerful framework for representing composite
parametric curves of higher degree.

In AutoCAD, splines are created using the sequence Draw — Spline
(Fig. 3.32). Two construction methods are available: Fit points (where the spline
interpolates a specified set of points) and Control Vertices (where the curve is
formed based on given control points).

The first approach is illustrated in Figs. 3.33 and 3.34.

To begin, the required User Coordinate System (UCS) was created using
Tools - New UCS — Origin with its origin set at (x, y)=(10, 150).

Next, the sequence Draw — Point — Multiple Point was used to enter the
following set of points: (0; 0), (10; 10,48), (30; 16,8), (60; 21,36), (80; 22,96),
(120; 24), (160; 23,2), (200; 21,6), (240; 18,24), (280; 14,64), (320; 10,48),
(360; 5,92), (400; 0).

These points represent a discrete approximation of the upper surface of an
aerodynamic profile. Using the command Draw — Spline — Fit points a spline
interpolating the given point set was generated (Fig. 3.34).
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Puc.3.34. Spline constructed through fit points

The corresponding shape can also be produced using the Visual Basic for
Applications macro provided below.

Sub Splines()

Dim UCS A= AcadUCs 'user coordinate system

Dim origin(0 To 2Z) As Double, xBxis(0 To Z) As Double, _

vAxis (0 To 2) As Doukle 'origin, X and y axes of the user coordinate
'system

Dim point 4s AcadPoint 'point

Dim location(0 To 2) As Doukle 'array of coordinates x, ¥, 2 of a point
Dim Points (0 To 38) As Double 'array of coordinates x, ¥, 2 of 13 points

'aerodynamic profile (spline)

Dim tangStart(0 To 2) As Double 'tangent vector at the start of the spline
Dim tangEnd(0 To 2) As Doukle 'tangent vector at the end of the spline
Dim UCSpnt As Variant, UCSpoints (0 To 38) As Double 'for transformation of
'coordinates from aclUC5 to acWorld

'definition of the user coordinate system

origin(0) = 10: origin(l) = 150: origim(2) = 0

XBxis(0) = 20: xhxis(l) = 150: xAxi=s(2) =0

vAxis(0) = 10: vyvARxis(l) = le0: vAxis(2) 0

Set UCS = ThisDrawing.UserCoordinateSystems.Add(origin, xAxis, yiAxis, "UOCS1™)
'display of user coordinate system and its activation
ThisDrawing.ActiveViewport .UCSIconAtOrigin = True
ThisDrawing.ActiveViewport .UCS5IconOn = True

ThisDrawing.ActivelCS = UCS
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'X, ¥, Z coordinates of 13 points of the aerodynamic profile (in plane z=0)
Points (0) = 0: Points (1) = 0: Points(2) = 0
Points (3) = 10: Points(4) = 10.48: Points(S) = 0
Points (&) = 30: Points(7) = le.&: Points(8) = 0
Points (9) = &0: Points(10) = 21.36: Points(ll) = 0
Points(12) = 80: Points(l3) = 22.%c: Points(14) 0]
Points (15) = 120: Points(lec) = 24: Point=s(17) 0]
Points (18) = le0: Poimnts(l9) = 23.2: Points(20) 0]
Points(21) = 200: Points(22) = 21.6: Points(23) 0]
Points (24) = 240: Points(25) = 18.24: Points(2e) 0]
Points (27) = 280: Points(28) = 14.84: Points(29) = 0
Points (30) = 320: Poimnts(3l) = 10.48: Points(32) = 0
Points (33) = 3e0: Points(34) = 5.82 Point=s(35) = 0
Points(36) = 400: Points(37) = 0: Points(38) = 0
'spline tangent vectors at its endpoints
tangStart(0) = 0: tangStart(l) = 2: tangStart(2) = 0
tangEnd (0) = 4: tangEnd(l) = -0.5: tangEnd({2) = 0

'point display format

ThisDrawing.SetVariakle "PDMCLDE"™, 34
ThisDrawing.SetVariakle "PDSIZE", -5
'"forming 13 spline points

For i = 0 To 36 Step 3

location(0) = Points(i) "X
location(l) = Points(i + 1) 'y
location(2) = Points(i + 2) 'z

transformation: location from acUCS to acWorld

ThisDrawing.Utility.TranslateCoordinates (location, acUCS5, acWorld,

'coordinate
UCSpnt
Falze)
'point creation

Set point = ThisDrawing.ModelSpace.&ddPoint (UCSpnt)

UCSpoints (i) = UCSpnt (0) 'x
UCSpoints (i + 1) = UCSpnt(l) 'y
UCSpoints (i + 2) = UCSpnt(2) 'z

Hext 1

'drawing the spline

Set spline = ThisDrawing.ModelSpace.hddSpline (UCSpoints,
End Sub

tangStart, tangEnd)

A new element introduced in this macro is the use of a user-defined
coordinate system, UCS1, which allows the aerodynamic profile to be constructed
within its own local coordinate frame in the central area of the A3 drawing. The
relevant clarifications are included within the macro comments. Unlike the spline
shown in Fig. 3.34, the macro also defines tangent directions at the curve’s
endpoints.

Figures 3.35 ... 3.37 illustrate spline construction using control vertices. For
this approach, four control points were defined using: Draw — Point — Multiple
Point with the following coordinates: (0, 0), (0, 40), (200, 40), (400, 0).
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Fig. 3.35. Four control vertices and resulting first- and second-degree splines
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Next, using the sequence Draw — Spline — Control Vertices, and selecting
the appropriate option within the command, splines of degree 1 and 2
(Fig. 3.35) and degree 3 (Fig. 3.36) were constructed. In AutoCAD, the term
degree refers to the polynomial degree of the spline.The first curve (shown with
dashed segments) is a polyline with three straight sections, the second is a
combination of quadratic curves, and the third is a cubic spline. Clearly, changing
the spline degree affects the resulting shape even when the control vertices remain
fixed.

Fig. 3.37 illustrates how the shape of a third-degree spline can be modified
by adjusting the Weight parameters of the second and third control vertices in the
Properties menu (Fig. 3.38).
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Fig. 3.37. Influence of vertex weights on spline shape

Compared with the previous figure, the curve moves closer to the second
control point and farther from the third. Thus, the weight of the second control
point has increased, while that of the third has decreased. In this example, the
weight values were changed from 1 to 2 and 0.5, respectively.
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The following Visual Basic for Applications macro performs the spline
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constructions based on control vertices described above.

Sub Splinesi|()

Dim TUCS As RAcadUCs
Dim origin(0 To 2) As Double, x&xi=z(0 To 2) As Double, yAxiszs(0 To 2) As Double

'user coordinate system

'origin, x and y axes of the user coordinate system

Dim point 4s AcadPoint
Dim location(0 To 2) As Double ‘'array of coordinates x, y, z of a point

Dim Points (0 To 11) As Double 'array of coordinates %, v, 2 of 4 control
'vertices aerodynamic profile (spline)

Dim UCSpnt As Variant, UCSpoints (0 To 11) As Double 'for coordinate
'transformation from acUCS to acWorld

origin{0) = 10: origin(l) = 150: origin(2) =0

xhxis (0) = 20: xAxis(l) 150: =AExis(2) =0

yhxis (0) 10y yhxis(l) le0: vyhAxis(2) ]

Set UCS = ThisDrawing.UserCoordinateSystems.Add (origin, x&xis, yAxis, "UCS1")
'display of the user coordinate system and its activation
ThisDrawing.ActiveViewport . UCSIconAtOrigin = True
ThisDrawing.ActiveViewport.UCSIconOn = True

ThisDrawing.ActiveUCS = UCS

'point
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X, ¥, 2 coordinates of the array of 4 control wertices of the spline (in
'plane z=0)

Points(0) = 0: Points(l) = 0: Foints(2) = 0
Points(3) = 0: Points(4) = 40: Points(5) = 0
Points(6) = 200: Points(7) = 40: Points(8) = 0
Points(9) = 400: Points(10) = 0: Points(ll) = 0

'point display format
ThisDrawing.SetVariable "PDMCDE™, 34
ThisDrawing.SetVariable "PDSIZE"™, -5
'forming 4 control points

For 1 = 0 To 9 S5tep 3

location(0) Points (1) 'x
location(l) = Points (i + 1) 'y
location(2) = Points (i + 2) 'z
'coordinate transformation: location from acUCS to acWorld

UCSpnt = ThisDrawing.Utilicy.TranslateCoordinates (location, acUC3, acWorld, _
False)

'creating a point

Set point = ThisDrawing.ModelSpace.AddPoint (UCSpnt)

UCSpoints (i) = UCSpnt (0)

UCSpoints(i + 1) = UCSpnt(l)

UCSpoints (i + 2) UCSpnt (2)
Hext 1

'drawing the spline

ThisDrawing.SendCommand "SPLINE M CVv D 3 0,0 0,40 200,40 400,0 ™
'"ThisDrawing.SendCommand " SPLINE C ¥B 0,0 0,40 200,40 40g,0 ©

r
End Sub

This program is generally similar to the previous one; therefore, we
emphasize only the key differences. The main distinction lies in the final block,
where the spline is constructed using the previously discussed SendCommand
method.

The arguments of the SPLINE command can be examined during its
interactive execution in AutoCAD. Note that M CV selects the control-vertex
construction mode, and D 3 specifies a third-degree curve. The remaining
arguments are the coordinates of the vertices, and the command is completed by
entering two final spaces.

Based on the above material, we have examined practical examples of spline
generation in AutoCAD and Visual Basic for Applications. Thus, subsection 3.2
has presented methods for constructing basic geometric primitives — points, line
segments, rectangles, polygons, circles, ellipses and their arcs, and splines — using
both direct AutoCAD tools and Visual Basic for Applications macros.

The consistent generalization of these primitives provides a solid foundation
for learning, enabling students to acquire strong practical skills for effective future
use.
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3.3. Modification of Geometric Objects

Editing previously created figures is an essential component of automated
geometric modeling. Such operations include deleting and copying various
primitives, translating, rotating, mirroring, scaling, splitting, joining, and
modifying properties such as color, linetype, and lineweight.

Some of these modifications — such as reassigning color, linetype, and
lineweight — have already been encountered in the previous subsection.

In this part of the textbook, we examine several plane coordinate
transformations Translation, Rotation, and Scaling, applying them both directly in
AutoCAD and through Visual Basic for Applications.

Figure 3.39 illustrates the elements of AutoCAD’s Modify menu, which
contains the commands used to perform the transformations and other editing
operations mentioned above.
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Fig. 3.39. AutoCAD Modify menu
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3.3.1. Translation

Figure 3.40 shows an example of translating a circle of radius 30, originally
centered at (100, 100), by the wvector (150, 100) using Visual Basic for
Applications.

For clarity, the original circle is retained in the drawing and displayed with a
dashed outline.
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Fig. 3.40. Translation of a circle

This transformation is performed by the Visual Basic for Applications
macro presented below.
Suk Move Circle()

Dim circl As AcadCircle 'circle
Dim center (0 To 2) As Doukle 'circle center
Dim radius &4s Double 'circle radius

Dim pointl (0 To 2) As Double, point2 (0 To 2) As Double 'points defining the
'translation vector

"%, ¥, Z coordinates of the center and circle radius

center(0) = 100: center(l) = 100: center(2) = 0:

radius = 30
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'drawing the circle
Set circl = ThisDrawing.ModelSpace.RddCircle (center, radius)
circl.Update

'translation vector

pointl (0) = 0O pointl(l) = 0O: pointl(2) = 0
poinc2 (0) = 150: pointZ2(l) = 100: pointc2(2) = 0
'pause before performing the translation
MsgBox "Press OK to continue"

'circle translation and regeneration

circl.HMove pointl, point2
circl.Update
End Sub

The operation of the macro is based on concepts discussed earlier, and
additional clarifications are provided in the comments within the code.

Before executing the translation, the macro displays a dialog window
(Fig. 3.41), which introduces a brief pause for the user.

AutoCAD X

Press OK to continue

Fig. 3.41. Message displayed to the user

Another widely used geometric transformation is rotation, which is
discussed in the following subsection.

3.3.2. Rotation

Figure 3.42 demonstrates the use of the Modify — Rotate command from
the drop-down menu to rotate a rectangle with a length of 200 and a height of 100
about its center O;=(200, 150) by an angle of 90" counterclockwise. For clarity,
the original position of the rectangle is shown with a dashed outline, allowing the
reader to visually compare the initial and the rotated configurations.

This transformation of the geometric object can also be carried out using the
Visual Basic for Applications macro provided below, which performs the same
operation programmatically and illustrates how the rotation procedure can be
automated.
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Fig. 3.42. Rotation of a rectangle using AutoCAD tools

Subr Rotate Polyline()

Dim polyline Bs AcadPolyline
Dim Points (0 To 11) As Doukle
'vertices

Dim kasePoint (0 To 2) As Double
Dim rotationfngle As Double

'polyline
'array of coordinates X,

'coordinates X,
'rotation angle

¥

¥r

z of rectangle

z of the rotation center

coordinates of rectangle vertices in the plane z=0

"X, ¥, Z imnitial

Points (0) = 100: Points(l) = 100: Points(2) = 0
Points (3) = 300: Points(4) = 100: Points(s) = 0
Points (&) = 300: Points(7) = 200: Points(8) = 0
Points (9) = 100: Points (10} = 200: Points(ll) = 0

'drawing the rectangle

Set polyline

ThisDrawing.ModelSpace.AddPolyline (Points)

polyline.Closed = True
polyline . .Update

'pause before rotating the rectangle
M=sgBox "Press OFE to continue™
'rotation center

basePoint (0) 200: basePoint (1)
'rotation angle

150: basePoint (2) ]

pi

4 = Brn(l)

'value of the pi constant

rotationfngle = pi / 2

'S0 degrees

'rotating the rectangle and updating it

polyline.Rotate basePoint,
polyline . Update
End Sulx

rotationingle
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The presented program requires no additional explanation, as the included
comments fully describe its operation.

The next common coordinate transformation for planar figures is scaling,
which is discussed in the following section.

3.3.3. Scaling

Figure 3.43 illustrates the use of the Modify — Scale command from the
drop-down menu to resize a rectangle originally measuring 200 units in length and
100 units in height. The scaling is performed with respect to its center point
01=(200, 150) using a scale factor of 1,5. For clarity, the initial position of the
rectangle is shown with a dashed outline.
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Fig. 3.43. Scaling a rectangle using AutoCAD

The coordinate grid displayed in the drawing area makes it easy to verify the
correct execution of the described transformation.

The transformations applied to the analyzed figure can also be performed
using the Visual Basic for Applications macro provided below.
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Sulkr Scale Polyline()

Dim polyline As AcadPolyline 'polyline

Dim Points (0 To 11) &s Doukle 'array of coordinates x, y, z of rectangle
'vertices

Dim basePoint (0 To 2) As Double 'coordinates X, v, z of the scaling center
Dim scaleFactor As Double 'scaling factor

'X, ¥, Z initial coordinates of rectangle wvertices im the plane z=0
Points (0) = 100: Points(l) = 100: Points(2) = 0

Points (3) = 300: Points(4) = 100: Points(5) = 0

Points (&) = 300: Poimt=s(7) = 200: Points(&) = 0

Points (9) = 100: Points(10) = 200: Points(1ll) = 0

'drawing the rectangle
Set polyline = ThisDrawing.ModelSpace.fddPolyline (Points)
polyline.Closed = True
polyline.Update

'pause before scaling the rectangle
MzgBox "Press CE to continue™

'scaling center

basePoint (0) = 200: kasePoint(l) = 150: kasePoint(2) = 0
'scaling factor

scaleFactor = 1.5

'scaling the rectangle and updating it
polyline.ScaleEntity basePoint, scaleFactor
polyline.Update
End Sub

The operation of the program is fully explained by the comments embedded
in the code.
Using negative scale factors allows the user to perform a mirror
transformation (Mirror in AutoCAD terminology). A corresponding example —
reflecting the trapezoid shown in Figure 3.17 about its upper base — is presented in
Figure 3.44.
The same result can be obtained by extending the macro described in
Section 3.2.4 with the additional lines shown below.

polyline.Update

'axis of symmetry

Dim pointl ({0 To 2) As Double, point2 (0 To 2) As Doubkle
pointl(0) = 150: pointl(l) = 150: poimtl{2) = 0

point2(0) = 250: point2(l) = 150: poimt2(2) = 0
Dim mirrorPolyline As AcadPolyline 'mirrored trapezoid
'mirror operation

Set mirrorPolyline = polyline.Mirror (pointl, point2)
mirrorPolyline.Update

If removal of the original trapezoid is required, this can be done using the
command polyline.Delete.
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Fig. 3.44. Mirroring a trapezoid using AutoCAD

It should be noted that AutoCAD drop-down menu sequences such as
Modify — Rotate ta Modify — Scale allow the user to select whether the original
objects should be deleted or retained after the transformation.

3.3.4. Compositions of Coordinate Transformations

In geometric modeling, operations performed on created objects often
involve combinations of several transformations. When modifying a figure, such
combinations may include translation, rotation, scaling, reflection, and other
coordinate transformations.

For example, consider a primitive in a rectangular coordinate system Oxy. If
it is required to perform the following sequence of operations: scale the object
with factors (Sx, Sy) relative to a point (xi, y1), rotate it by an angle y about the
same point, and then translate it by the vector (Tx, Ty), the resulting modification
M is represented by the following product of matrices in homogeneous
coordinates:
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M=T (-1, -y1) - S (SX, Sy) ‘R (y) - T (x2+Tx, y1+Ty). (3.9)

This approach is illustrated in Figure 3.45. The initial square, shown with a
dashed outline and defined by the vertex coordinates (50, 50), (250, 50),
(250, 250), and (50, 250), is first scaled by a factor of 0.5 relative to its center at
(150, 150). The scaled figure is then rotated by 45° counterclockwise, after which
it undergoes a translation by the vector (200, 0).

For better visual perception, the successive objects in the figure are
differentiated by line type and color.
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Fig. 3.45. Example of a composition of coordinate transformations

Based on expression (3.9), we compute for the analyzed case:

1 0 O0||Sx 0 Of|cosy siny O 1 0 0
M= 0 1 0f-{0 Sy O|-|-=siny cosy Of- 0 1 0=
-%-y,1|1/0 0 1 0 0 1| [x+Txy, +Ty 1
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1 0 0][o5 0 0]] v2/2 V2/2 0 1 0 o
-l 0 1 0l|]/0050||=v2/2+2/2 0] 0 1 0=
~150-150 1|/ 0 0 1 0 0 1| |150+200 150+0 1
J2/4 214 0
=| -J214 214 0| (3.10)

350 -75v2 +150 1

The Visual Basic for Applications macro presented below performs
the described composition of coordinate transformations based on the matrix
(3.10).

Sub Modification()
Dim polyline As AcadPolyline polyline
Dim Points (0 To 11) &As Double 'array of coordinates x, vy, 2 of

'polyline vertices

'X, ¥, Z coordinates of sguare wvertices in the plans z=0
Points (0) = 50: Points(l) = 50: Points(2) =0
Points(3) = 250: Points(4) = 50: Points(3) =0
Points(6) = 250: Points(7) = 250: Points(8) = 0
Points (%) = 50: Points(l0d) = 250: Points(ll) = 0

'drawing the initial sguare

Set polyline = ThisDrawing.ModelSpace.AddPolyline (Foints)
polyline.Closed = True

polyline.Update

'square modification matrix

Dim modMat (0 To 3, 0 To 3) As Doukle

modMat (0, 0) = Sqgr(2) / 4: modMat(0, 1) = -Sqgr(2) / 4: _

modMat (0, 2) = 0: modMat (0, 3) = 350

modMat (1, 0) = Sqr(2) / 4: modMat(l, 1) = Sgr(2) / 4: _

modMat (1, 2) = 0: modMat(l, 3) = -75 #* Sqgr(2) + 150

modMat (2, 0) = 1]

0: modMat (2, 1) = 0: modMat (2, 2) = 0.5: modMat (2, 3)
modMat (3, 0) = 0: modMat (3, 1) O: modMatc (3, 2) = 0: modMat (3, 3) =
'pause before modifying the sguare

MzgBox "Press CK to continue™

'square modification

polyline.TransformBy modMat

polyline.Update
End Sub

1

In the next subsection of the textbook, a systematised overview of the
methods of modifying various figures in the AutoCAD and Visual Basic for
Applications environments — already discussed earlier — is provided.
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3.3.5. Properties and Methods of Geometric Objects in Visual Basic for
Applications

From the object-oriented standpoint, each figure has a certain set of
associated properties and methods. The former represent its characteristics — for
example, color, linetype, length, area, etc.

The latter implement the actions that can be performed on the object, such as
parallel translation, rotation, scaling, symmetry, copying, deletion, and so on.

In AutoCAD, access to the properties of a selected figure is provided
through the Properties context menu (see Fig. 3.16). This menu allows not only
viewing the required parameters and characteristics but also modifying them when
necessary. The role of methods — translation, rotation, scaling, symmetry, deletion,
and others — is performed by the corresponding AutoCAD commands.

In Visual Basic for Applications macros, properties and methods are
grouped in a single context menu, which is invoked automatically by typing a
period after the name of an object variable.

Specific examples of using such polygon properties as area and perimeter
were examined in subsection 3.2.4; color, linetype, and lineweight for a circle — in
subsection 3.2.5; and start and end angles for an ellipse arc — in subsection 3.2.6.
Let us note that in the latter case, modifying the figure’s properties changes its
length. The use of Visual Basic for Applications methods was illustrated in
subsections 3.3.1-3.3.3 through examples of translating a circle (method Move),
rotating a rectangle (method Rotate) and scaling it (method ScaleEntity), as well as
mirroring a trapezoid (method Mirror) and deleting it (method Delete). In many of
the macros presented above, the Update method — used for regenerating
constructed geometric objects — is widely employed.

The remaining AutoCAD commands and the full list of Visual Basic for
Applications properties and methods for modifying various figures can be found in
the literature sources provided at the end of the textbook and in other references.

3.4. Conclusions

This chapter of the textbook has presented information on constructing and
modifying various basic geometric figures — points, straight-line segments,
polygons, circles, ellipses, their arcs, splines, etc. — using Visual Basic for
Applications macros in the AutoCAD system. Such operations (methods) as
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translation, rotation, scaling, and their compositions have been analyzed. Relevant
examples were considered both directly in AutoCAD and through Visual Basic for
Applications macros. The necessary generalisations concerning this programming
environment have been made. The correctness of understanding the material can
be verified using the control questions listed below.

Control Questions

1. Provide general information on the Visual Basic for Applications software
tools in the AutoCAD.

2. Analyze the construction of points using Visual Basic for Applications.

3. Examine the structure of a Visual Basic for Applications program and the
purpose of its components for creating line segments.

4. Explain the construction of line segments using the AutoCAD system menu
and the Visual Basic for Applications environment.

5. Describe the shape generation of polygons using AutoCAD and Visual Basic
for Applications.

6. Analyze the execution of hatching using the AutoCAD menu and Visual
Basic for Applications macros.

7. Demonstrate the flexibility and efficiency of computer geometric modeling
based on specialised software.

8. Discuss the modeling of circles using AutoCAD commands and Visual
Basic for Applications tools.

9. Compare the advantages and disadvantages of creating ellipses and their arcs
directly in AutoCAD and by using Visual Basic for Applications.

10. Describe spline modeling in AutoCAD using interpolation points and
control vertices.

11. Justify the importance of effective geometric modifications for the
automated design of various technical objects and processes.

12. Characterize the use of Visual Basic for Applications properties and
methods for modifying geometric objects.

13. Hlustrate, with examples, the compositions of transformation operations
such as translation, rotation, and scaling.

14. Explain the purpose and main functions of the AutoCAD Properties menu
for modifying geometric figures.
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15. Describe such methods of geometric objects in Visual Basic for
Applications as translation, rotation, scaling, and symmetry.

16. Using specific program examples, explain the application of the methods
for copying, deleting, and regenerating geometric figures using Visual Basic for
Applications.

17. Characterize the most promising directions for the further development of
computer graphics as a component of automated design of various technical objects
and processes.
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GENERAL CONCLUSIONS

Computer-aided engineering graphics is a modern technical discipline that is
continuously and rapidly developing and is characterized by a substantial volume
of material and considerable conceptual depth. Mastery of this course is an
essential component of the professional training of many technical specialists,
ensuring their successful future work with automated information systems.

A distinctive feature of this textbook is the extensive use of the systems
approach in presenting the material. This applies to the integration of such areas
as: the technical and software tools of computer graphics; the mathematical
foundations of geometric object modeling; direct shape generation in the
environment of a specific system (AutoCAD); and the automation of constructions
using auxiliary programming tools, illustrated through Visual Basic for
Applications.

Thus, in particular, the first chapter provides general information on
computer-aided engineering graphics (technical tools used, types of images, color
reproduction models, etc.).

The second chapter is devoted to computer-based shape generation in the
AutoCAD system. It examines tools for two-dimensional and three-dimensional
geometric modeling, including the use of coordinate systems, layer and viewport
management, and commands for constructing such primitives as points, lines,
circles, polygons, splines, parallelepipeds, cylinders, cones, pyramids, etc.; their
editing; and the definition of parametric dependencies. Tools for drawing
documentation and for creating solid models of parts are also presented.

The third chapter provides information on automating constructions in the
AutoCAD system using Visual Basic for Applications macros for various basic
geometric figures (points, segments, polygons, circles, ellipses, their arcs, splines,
etc.) and their modification.

The described approach allows the proposed instructional material to be
mastered comprehensively, offering a deep understanding of its essence and
enabling students to acquire stronger theoretical knowledge and practical skills for
effective future application. These factors ensure that students can productively
master other computer-aided design systems in addition to AutoCAD.
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APPENDIX A. BASIC REQUIREMENTS FOR DRAWING LAYOUT

Sheet Formats and Title Blocks

Technical drawings are produced on standardized sheet formats regulated by
DSTU 3321:2003. Each format is defined by the size of its outer rectangular frame
(see Table A.1).

Table A.1
Designation of standard formats and their dimensions
Format Dimensions, mm
A0 1189x841
Al 594x841
A2 594x420
A3 297x420
A4 297x210

All formats originate from the base sheet AO, which has an area of
approximately 1 m2,

Smaller formats are obtained by dividing the sheet in half parallel to its
shorter side (Fig. A.1).

- 1189 -
i
A2
(594x420)
Al 5
(594x841) A4 @
A3 (297x210)
(297x420)| A4

(297x210) '

Fig. A.1. Generation of standard sheet formats

Additional, extended formats may be used when required; they are created
by proportionally increasing the shorter sides of the standard formats.

Every drawing sheet includes an inner frame, and a title block placed in the
lower-right corner (Fig. A.2).
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Fig. A.2. Inner frame and location of the title block

For A4 format, the title block is permitted only along the shorter edge of

the sheet.

The form, dimensions, and the procedure for filling out the title block
(Fig. A.3) are regulated by DSTU GOST 2.104:2006.

185
7, 10 23 15 10
) ) 15 i 18
Document designation
s Letter | Weight | Scale
Lfl? ch | sut. | Document No. |Signature] Date
= [eeteredty Product name
x Checked by
LN Sheet Sheets
/ il .
74 ) 2 2
Product material Enterprise

Fig. A.3. Standardized title block (format and structure)

Drawing Scales

A drawing scale represents the ratio between the dimensions depicted in
the drawing (without distortion) and the actual dimensions of the object (DSTU

3321:2003).

A 1:1 scale corresponds to full-size representation.
Common reduction scales: 1:2; 1:2,5; 1:4; 1:5; 1:10; 1:15; 1:20; 1:25 ...
Common enlargement scales: 2:1; 2,5:1; 4:1; 5:1; 10:1; 20:1 ...
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All dimensions are always written in true (actual) size, regardless of the
scale applied (Fig. A.4).
2:1

I:1

1.2

100

100

100

200 200 200

Fig. A.4. True-size dimensions independent of drawing scale

Line Types

Linework on technical drawings follows DSTU ISO 128-20:2003. The
standard defines a set of line types, their thicknesses, and applications (Table A.2).

Table A.2
Standard line types defined by DSTU ISO 128-20:2003
Image Thickness, mm Line name
AS'
i | $=05..14 Solid thick
}
Solid thin
Solid wavy
1.2
— j _ S/3... 82 Dashed
1128
_5.30
Dash-dot thin
1l.3.5
- 8.20 — S - 3S/2 Ope’”
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Figure A.5 provides an example illustrating the use of several line types,
including: 1 — continuous thick lines, 2 — continuous thin lines, 5 — thin chain
(dash-dot) lines.

N

S
R36
120

160

\

Fig. A.5. Illustration of line type usage in technical drawings

Technical Lettering

All text on engineering drawings is written using a standardized technical
font. Acceptable font heights follow the series: 2,5; 3,5; 5; 7; 10; 14; 20, etc. Figure
A.6 shows the slanted version of the font traditionally used in mechanical drafting.

ABLDEFGHIJKLMND

PARSTUVWXYZ
1234567890

R3 85*a7x1:10 15 s4
abcdefghykimno
pgrstuvwxyz

Fig. A.6. Standard technical lettering style
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Dimensioning Principles

Dimensions in technical drawings (Fig. A.7) are applied using dimension
lines, which run parallel to the feature being measured. Each dimension line
terminates in arrowheads and meets extension lines that extend from the
object’s outline or centerlines. The dimension value is placed above the
dimension line — preferably outside the object’s contour — at a distance of
1...2 mm near the center of the line. Extension lines extend 2 ... 5 mm beyond
the arrowheads, while the dimension line should be placed at least 10 mm away
from the outline.

~__ 1 Extension p——07———"]

line
Dimension

number \44 * 40 min 10
Arrow | \ Dimension G
line o~

Fig. A.7. Dimensioning a line segment

Angular dimensions (Fig. A.8) use an arc-shaped dimension line, centered
at the vertex of the angle, with extension lines drawn radially.

Fig. A.8. Dimension arrow

Such an arrangement ensures that the measured angle is visually clear and
unambiguously associated with its geometric elements. Parallel dimension lines
must be spaced no less than 8 mm apart (Fig. A.9), with staggered placement of
dimension values.

29
41 g..10

58 8..10

Fig. A.9. Parallel dimension lines
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Dimension lines should not intersect whenever possible.

Diameters are indicated with the symbol &, matching the height of the
dimension digits (Fig. A.10). Radii are indicated with R if the arc is 180° or less;
for larger arcs, the @ symbol is used. Radii originating from the same center must
not visually align as extensions of one another.

p12

=

87
125*

Fig. A.10. Diameter and radius indications

Figure A.11 illustrates the recommended placement of dimension values. In
hatched areas, the value is written on a leader line shelf.

30
s

Y
%
27

27

74
56

IBUO

27

25

Fig. A.11. Dimensioning scheme

For symmetric parts, dimensions defining symmetrically located features
are applied only once, without indicating quantity — for example, repeated radii
R10 in Fig. A.12. Identical repeated elements are dimensioned once, with their
quantity specified on a leader line shelf.

For holes, the number precedes the diameter (e.g., 6 x &10) or is placed
beneath the dimension line (Fig. A.12).
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5 R10 910

Fig. A.12. Dimensioning identical elements

When holes are evenly spaced on a bolt circle, the angular spacing between
centers is omitted. It is acceptable to show only one hole fully, while the others
may be represented only by their center marks.

Views

The rules for representing objects in technical drawings are defined by
DSTU 3321:2003. Drawings are created using the method of orthographic
projection. The six principal views are obtained by projecting the object onto the
faces of a cube surrounding it (Fig. A.13).

™

e S

Fig. A.13. Projection onto the faces of a cube

The resulting views are shown in Fig. A.14.
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2

Fig. A.14. Six principal views:
1 —front (principal); 2 —top; 3 — left;
4 —right; 5 — bottom; 6 — rear.

According to the standard, images are classified into views, sections, and
cross-sections. A view is an image of the visible surface of an object as oriented
toward the observer.

The principal view is taken on the rear frontal face of the cube. The object is
oriented such that this view provides the most complete representation of its shape
and dimensions. If views are not in direct projection alignment, the direction of
observation is shown using an arrow placed near the corresponding image, with a
Cyrillic capital letter next to the arrow and the same letter above the resulting view
(Fig. A.15).

This convention also applies when views are separated by other images or
placed on different sheets.

A A
d L [ )

%E [ ‘ I
= TS

\
Fig. A.15. Indication of views not in projection alignment

7
\Z,

In addition to principal views, auxiliary and local views are used.
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An auxiliary (additional) view is a view of a surface projected onto a plane
not parallel to any of the principal projection planes (Fig. A.16). It is used to
obtain an undistorted image of a surface when this is not possible on any principal
view.

4 o 1350
<
a e
NS S—
Nt

Fig. A.16. Example of an auxiliary view

A local view is an image of a limited portion of the object’s surface. It may
be bounded by a break line (placed at the smallest possible size) or by contour
lines of the element (Fig. A.17).

Fig. A.17. Local view

Sections

Sections are used to reveal the internal geometry of parts.

A section is an orthographic projection of an object that is imagined to be
cut by one or several planes to expose internal features.

Depending on the orientation of the cutting plane, sections are classified as:

. Horizontal — the cutting plane is parallel to the horizontal projection
plane.

. Vertical (frontal, profile) — the cutting plane is perpendicular to the
horizontal projection plane.

. Inclined — the cutting plane forms an angle with the horizontal projection
plane that is different from a right angle.
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Based on the number of cutting planes involved, sections are divided into:

. Simple sections — produced by a single cutting plane.

. Complex sections — produced by two or more cutting planes.

The location of the cutting plane is indicated on the drawing by a cutting-
plane line (Fig. A.18). The beginning and end of this line must not intersect the
outline of the corresponding view. A pair of identical capital Cyrillic letters is
placed next to the arrowheads on the outside of the line. These letters follow
alphabetical order and are not repeated within the same drawing. The resulting
section view is labeled using the same letters, connected with a dash (e.g., A-A).

LA

> 3

o :

S 2.3 .20, T
\S S

__* 15 F

Fig. A.18. Cutting-plane line

A section view includes both the material cut by the plane and the features
located behind it (Fig. A.19). The internal outline of the part is shown with a
continuous thick line, while the regions that lie within the cutting plane and do not
represent cavities are hatched to indicate solid material, ensuring a clear

distinction between the cut surfaces and the visible contours located beyond the
cutting plane.

SRR
RN

N
N\

Fig. A.19. Construction of a section

If the cutting plane coincides with a plane of symmetry and the
corresponding views are placed on the same sheet in direct projection alignment
without being separated by other images, the cutting plane is not shown and the
section is not labeled. To reduce the number of separate views on the drawing,
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part of a view and the corresponding portion of a section may be combined, with
the two areas divided by a continuous freehand (wavy) line. If the figures being
joined are symmetrical, the dividing line is the axis of symmetry itself (Fig. A.20).
However, when the axis of symmetry coincides with a visible or hidden contour of
the part — for example, an edge — the boundary between the view and the section
must be drawn as a continuous wavy line.

000

Fig. A.20. Formation of the section view

A section created to reveal the construction of a specific, limited area of a
part is referred to as a local section. It is distinguished on the view by a continuous
freehand (wavy) boundary line (Fig. A.21).

=7

-

Fig. A.21. Local section

Note that the hatching pattern must remain consistent across all sectioned
representations. It is also important to remember that dimensions relating to the
external features of the part are applied on the view, whereas those defining internal
geometry are placed on the corresponding section.

Dimensions on a Part Drawing

A part drawing contains the following categories of dimensions (Fig. A.22):
. Overall (bounding) dimensions (a, b, c).
. Feature size and location dimensions (& f; 1).
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Fig. A.22. Example of dimensioning a part

In this example, the dimensions a, b, f. define the basic rectangular-
parallelepiped envelope of the part, within which a through cutout of size fs x fe.
Is formed. The diameters &1 ... &4 specify the geometry of the vertical cylindrical
features, while f, and fz3 define the cross-section of the longitudinal prismatic
hole. Its position is determined by the location dimension l>. The spacing of the
two cylindrical holes & is governed by li, and the height of the hole &i is
defined by fs.

Thus, this appendix provides the fundamental guidelines for preparing
technical drawings. It covers sheet formats, title blocks, scales, line types, and
lettering styles; explains the principles of dimensioning and the use of views; and
introduces the construction of sectional and auxiliary drawings. Together, these
conventions ensure the creation of accurate and properly structured drawings
within the AutoCAD environment.
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APPENDIX B. INDEPENDENT WORK ASSIGNMENTS

B.1. Part Outline

Draw the outline of the part using layers. Apply all necessary dimensions.
Complete the drawing according to the drafting standards.
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B.2. Projection Drawing

Based on the given illustration, construct all required views and sectional
representations of the part. Throughout the drawing process, make use of layers as
well as polar and object snap tracking, and complete the task by applying dimensions.
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B.3. Three-Dimensional Constructions

Construct the three-dimensional figures from their given projections using
solid primitives (parallelepiped, cylinder, cone, wedge, sphere) according to the
assigned variant. Create the required views (front, top, left, and an axonometric
view), add dimensions, and complete the drawing according to the standards.

Fig. B.1. Variant 1 of primitive arrangement

Dimensions in Fig. B.1 (corresponding to the sizes of the primitives)

Var.| D | h |[D1|hl1] a | h2| R| b | c¢c | d| k |m|n/|e

1 70 | 80 | 40 | 55 | 50 | 8 | 30 | 15 | 30 | 35 | 25 | 45 | 10 | 45

5 65 | 80 | 45 | 50 | 55 | 60 | 25 | 5 | 30 | 5 5 | 60 | -10 | 30

9 70 | 65 | 20 | 55 | 40 | 30 | 25 | 10 0 [-30]-60| 35 | -35 | 10

13 | 75 |70 | 30 | 15 | 55 |80 | 20| O |-15| 60 | 30 | 45| 70 | O

17 | 55 | 70 | 55 | 70 | 45 | 50 | 30 | 45 0 60 0 30 | 30 | 30

21 | 65 | 65 | 35 | 50 | 55 | 65 | 30 5 25 | 10 5 60 | 10 | 30
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Fig. B.2. Variant 2 of primitive arrangement

Dimensions in Fig. B.2 (corresponding to the sizes of the primitives)

Var. | D h |[Dl1|hl| a | h2| R b C d K | m n e
2 5| 70 | 55 | 70 | 45 | 50 | 30 | 45 | 35 0 0 35 | 30 | 30

6 70 | 80 | 40 | 55 | 50 | 8 | 30 | 15 | 45 | 35 | 35 | 80 | 10 | 45
10 70 | 65 | 40 | 55 | 40 | 30 | 25 | 10 0 0 60 | 25 | -35 | 40
14 75 | 70 | 30 | 15 | 55 | 80 | 20 0 15 | 15 | -60 | 80 0 0
18 65 | 80 | 45 | 50 | 55 | 60 | 25 5 30 5 5 60 | -10 | 30
22 5 | 65 | 55 | 55 | 40 | 30 | 25 | 10 0 35 | 60 | 25 | -30 | 40
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Fig. B.3. Variant 3 of primitive arrangement

Dimensions in Fig. B.3 (corresponding to the sizes of the primitives)

Var. | D | h (Dl hi1| R|a|bjc|d|m|n]|Kk I f e
3 55 | 70 | 45 | 70 | 25 | 30 | 50 | 45 | 30 (30| O | 25| 30 | 15 30
7 70 |80 |40 |5 |30 |8 |30 |15 70 (3 |-10, 65| 0 |-10| 15
11 65 | 65 | 40 | 45| 20 | 30 | 45 | 10 |-20( 40 | 20 | 30 | 25| O 5
15 75170 | 30| 15| 25|40 | 20 | 50 | 45 (45 |30 35| 0 |-15| 30
19 | 65|80 |45 |50 |35 |60 |25 |53 |5 |8 |30]|40| O 30
23 60 | 75 | 40 | 45| 20 | 30 | 45 | 10 | 20 | 40 | 20 | 30 | 25 | 15 5
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Fig. B.4. Variant 4 of primitive arrangement

Dimensions in Fig. B.4 (corresponding to the sizes of the primitives)

Var.| D | h |{Dl1/hi1| R | a | B | c d | m|n k I f e
4 65 | 65 | 40 | 45|20 | 30 | 45 | 10 |20 | 40 | 20 | 30 | 75| O | 5
8 5 | 70 | 45 | 70 | 25 | 30 | 50 | 45 | 40 | 30 | O | 45 | 55 |-15| 30
12 75 |70 | 30 | 15 | 25| 40 | 20 | 50 | 45 | 65 | 30 | 65 | O 15 | 30
16 65 | 80 | 45 | 50 | 35 | 60 | 25 | 55 | 30 | 45 |-20| 35 | 70 | O | 30
20 70 | 80 | 40 | 55 (30 |8 | 30|35 | 0 |3 |-10,65| 0 [-40] 15
24 | 60 | 75|30 | 25| 25 | 40 | 20 | 50 | 45 | 65 |30 |-65| O | 15| 30

271




B.4. Creating a Solid Model from Its Projections

Construct a three-dimensional solid model of the part based on its two
projections.
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