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INTRODUCTION

Engineering and computer graphics play an important role in the training of specialists with a
technical education. The ability to read and execute drawings is a prerequisite for successful work in the
workplace. Therefore, the purpose of studying technical disciplines is to acquire knowledge, skills and
abilities to read working assembly drawings and drawings of products made with both detachable and fixed
connections, and to develop them using computer graphics tools, using knowledge and skills in further
studies and future professional activities.

While studying the subject, students get acquainted with the drawings rules in accordance with the
Unified State Construction Code, with the types of design documentation, study the conventions and
simplifications used in engineering drawings, learn to make sketches of parts, draw and read general types
of drawings and assembly drawings of both welded and detachable products of medium complexity.

Studying the discipline «Computer Graphics» provides students with a set of knowledge and skills
necessary to perform individual tasks in an educational institution and further work in production.

Computer and software support of the educational process plays an important role in the study of this
subject.

Before using a personal computer to make a drawing and other design documentation, a student must
have a certain level of the theory of engineering graphics knowledge and have a sufficient level of skills in
making and reading a drawing. The ability to analyse an orthogonal drawing of a geometric object, the
ability to dissect its complex shape into simple constituent geometric bodies and the ability to synthesise
them is the basis of an effective dialogue between a student and a computer. Therefore, when computing is
widely used in the educational process, it is impossible to substitute the study of a subject for the study of
computer application.

After mastering engineering graphics, the training of a competent user should include the study of
the use of computing technology in the field of machine graphics, the possibilities of applying various
graphic skills and the study of special literature. Competent user is able to set himself tasks for the design
of technical objects and the production of design documentation and is able to solve them with the help of
such a modern tool as a computer.

Thus, using their knowledge of engineering and computer graphics, students should move on to
making drawings, constantly improving their skills in working with a computer graphics editor.

This tutorial is intended primarily for students of technical specialities, but it can also be useful for
a wide range of users: university students of all forms of education, engineers who want to master and use
modern computer technologies in engineering drawings.



1. BASICS OF COMPUTER GRAPHICS

Currently, there are many graphic editors and geometric modelling programmes available. Autodesk
is one of the leading manufacturers of computer-aided design systems and software for designers, engineers,
and architects.

The AutoCAD system developed by this company is the world's leading computer-aided design
(CAD) software platform designed for professionals who need to translate their creative ideas into real,
dynamic projects.

AutoCAD is an evolving core design environment, with each new version building on the best of the
previous ones and addressing the following key challenges:

- increasing the productivity and efficiency of users;

- ensuring the reuse of existing developments;

- seamless user collaboration in the design process;

- adaptation of AutoCAD to the developers individual needs of object-oriented tasks.

3amopyka ycnixy Autodesk — cBiToBe BusHanHs AutoCAD sk ctaHmapTy jae ¢GpakTo Jiisi po3poOKu
MPOIYKTIB 1 KOMIICKTYIOUHX, a TAKOXK JUIsSl JIOKYMEHTAITII.

3apasgku  Bunmycky AutoCAD komnanis Autodesk mnpomoHye apxiTekropaM, iH)XEHepaMm i
NPOCKTYBAILHIKAM HOBHH IHCTPYMEHT JUIA 11¢ O1bII IIOBHOTO BTIJICHHS X i1ed B peaibHICTh.

The key to Autodesk's success is the worldwide recognition of AutoCAD as the de facto standard for
product and component design and documentation.

With the release of AutoCAD, Autodesk is offering architects, engineers and designers a new tool to
bring their ideas to life.

1.1. Downloading AutoCAD

You can download AutoCAD in the following ways:

- on the Taskbar, select Start — All Programs — Autodesk — AutoCAD from the menu;

- on the Windows desktop, double-click the AutoCAD icon.

When you start AutoCAD, a new drawing is created with no name. You can either start working in
it or load an existing file from the disc.

When you open a previously prepared drawing, all system variables are assigned the values they had
during the last session. This happens because the variables are saved in the file along with the drawing.

After the start, the Start window appears, designed as a permanent tab called Start (Figure 1.1).

Figure 1.1 shows a variant of the window for starting work in the CREATE (CtBopenns
«Co3nanune») mode. This mode is the main mode in which you start working with a graphic document.

In the Get Started (ITouatox po6oTu «Hauano pabotsi»)column, select one of the main options:

e Start Drawing (IlouaTox noGymoB «Hawamo mocTpoeHus»);

e Templates (I1la6onn «111abmoHBD));

¢ Open Files. (Biakputu ¢aitnn «OTKpBITH haiiiby)

The same column contains three additional options for getting started:

—option Open a Sheet Set (Biakpurtu migmuBky « OTKpbITh HOAIMKBKY») allows you to open a binder
(a set of project drawings);

—The Get More Templates Online ({octyn no mabnoniB B Iarepueti «loctyn k mabnoHaM B
Wntepnere») option redirects you to a website with additional drawing templates;

—the Explore Sample Drawings (Ilepernsg npukiaaiB KpecieHHKIB «IIpocMoTp mnpumepoB
yepTeskei») option offers to open a file from the Sample folder with examples of this version of AutoCAD.

Clicking in the Work with drawings (Po6ora 3 kpecnenukamu «Pabota ¢ ueprexamu») rectangular
area opens the AutoCAD working window (Figure 1.2).



After the system has finished loading, the working window contains an open document, i.e. a drawing
that has been created (or opened for editing). The name of the current drawing file is displayed in the
AutoCAD title bar and in the title bar of the drawing tab (in Figure 1.2, it is Drawingl.dwg).

If you click on the Create button, the Select Template window appears in the upper left corner,
where you can select the desired drawing template.
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Figure 1.1. The window for starting work (CREATE mode)

1.2. The concept of a template

You can make the set of session parameters available in new drawings you create. To do this, save
the drawing as a template. A template is usually a drawing that does not contain any graphical objects and
is used only to store standard values of system variables.

Templates (files with the .dwt extension) are a very convenient way to create a set of drawings with
the same settings. You can use both templates that come with AutoCAD and those that you create. You can
save any existing drawing as a template. In this case, the values of all the settings of the saved document
will be inherited by all new drawings created on its basis.

Although any drawing will do as a template, it is best to prepare a set of standard templates that
contain the most commonly used settings and basic elements:

—type and accuracy of unit representation;

—drawing limits;

—setting up the step, grid and orthogonal «OPTO» modes;

—ayer organisation;

—basic labels, frames and logos;

—dimensional and text styles;

—line types and weights (thicknesses).

Any changes made to a drawing created from a template do not affect the template itself.



1.3. Calling the help system

- At any time while working with AutoCAD, you can access the electronic documentation for the
ﬂ programme. To do this, select Help from the drop-down menu. Alternatively, press the F1 key
on the function keypad.

1.4. User interface (Drawing and annotation)

The basic elements of the AutoCAD window are completely similar to those of any modern Windows
application. AutoCAD has a simple and user-friendly menu-based and command language interface that
provides the user with convenient and efficient means of communicating with the computer when making
drawings

When you open the Get Started (ITouaTox po6otu «Hauano padote») dialogue box, the AutoCAD
window opens and the workspace is created (Figure 1.2 ). A workspace is a set of menus, palettes, toolbars,
and panels that are configured to perform specific tasks, such as drawing in two or three dimensions. The
user can easily create their own workspaces that are tailored to their needs.
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Fig. 1.2. The AutoCAD workspace

The AutoCAD window consists of several parts, each of which performs specific functions: entering
commands, displaying information you need when drawing, and so on.

The central area of the working window is called the graphical screen, where all constructions are
performed. On the graphical screen, the mouse pointer takes the form of a crosshair and is able to perform
functions used in design: snapping to objects, setting coordinates and directions. When you leave the
graphical screen, the pointer returns to its usual appearance.

At the top of the window, there is a ribbon with tabs containing command buttons (Figure 1.2). It has
replaced the menu items used in previous versions of the program. On the ribbon, the tools are arranged in
the form of logical groups, which represent a compact palette of all the necessary tools for creating or
modifying a drawing.

For users who prefer the previous view of the window, it is possible to switch to the classic mode.

Let's look at the ribbon with tabs for drawing two-dimensional objects.

Main tab (I'onosna «I nasnasrn) —here you can find the main tools used when working with drawings.
This tab contains the following groups of commands:

o Drawing (Manosanns «Pucosanuern) — allows you to create graphic primitives, areas or polylines
from closed elements, various masking objects, apply hatching, etc;

o Edit (Peoacysanns «Pedaxmuposarue»)— contains tools for transforming objects, such as scaling,
elongation, rotation, alignment, etc., as well as for editing hatching, spline, and other objects;

o Annotations (Anomayii «Annomayuu») — contains tools for creating text and tables, as well as for
drawing dimensions;

o Layers (Illlapu « Crnourn) — allows you to work with layers;

o Block (bnox «bnox») — contains tools for working with blocks;

o Properties (Bracmusocmi «Csoticmea») — allows you to manage the properties of objects;

o Groups (I pynu «I pynnviy) — allows you to create and manage groups (i.e. named sets of drawing
objects);



o Utilities (Ymunimu «Ymunumuiy) — contains tools for measuring, quick selection and counting;

o Clipboard (byghep oominy «bBygep oomenar) — allows you to work with the clipboard (copy, cut,
paste, etc.);

o View (Buo «Buo») — allows you to select the control standard used when creating a new drawing.

Insert (Bcmasxa «Bcmaskay) — contains tools for working with blocks and links. The tab contains
the following groups of commands:

e Block (brox «bnok»n) — used to insert and edit blocks;

o Block definition (Busnauenns onoxy «Onpedenenue 6aoxkar) — allows you to create and edit data
attributes that are in blocks;

e Link (Ilocunanna «Cculaxa») — used to manage links;

o Point cloud (Xmapa mouox «Obnaxo mouex») — allows you to insert point clouds into the
drawing, i.e. closed polylines consisting of interconnected arcs. Point clouds are used to draw attention to
any part of the drawing;

o Import (Iunopm «HUmnopmy») —used to import files of other formats;

o Data (/lani «Hannvien) — contains tools for working with updatable ficlds, OLE objects,
hyperlinks, and other objects;

o Link and extract (36'a3ysanns ma sunyuenns «Ceszvieanue u uzgieuerue») — contains commands
for working with links;

e Location (Micyesnaxooacenns «Mecmononoacenuen) — allows you to specify the location of the
object being created (this is important in construction drawings);

o Contents (3micm «Cooepocanuer) — used to search for drawings and open the control centre
window.

Annotations (Anomayii « Annomayuuy) — contains tools for creating text labels in the document. The
following groups of commands are located on this tab:

o Text (Texcm «Texcm») — contains tools for working with text (changing the style, font size, etc.);
Dimensions (Posmipu «Pasmepwin) —used to set dimensions;

Footnotes (Bunocku «Buinocku») — allows you to create and edit footnotes;
Tables (Tabnuyi «Tabauysin) — contains tools for working with tables;
Mark (Ilosnauxa «l[lomemxay) — contains tools for creating selection areas;

o Annotation Scale (Macwumabysannus anomayiu «Macwumabuposanue annomayuiin) — used to
change the scale of annotation objects. AutoCAD defines annotation objects as various explanatory objects,
such as dimensions, labels, text, etc.

Parametrization (Ilapamempuszayis «llapamempuzayusar) — includes tools for parametric drawing
that allow you to work with geometric and dimensional constraints. When using such constraints, the
specified relationships between objects remain, even if the objects themselves change. This tab contains
the following groups of commands:

o  Geometric (I'ecomempuuni «I eomempuueckuern) — designed to work with geometric constraints;

o  Dimensional (Posmipnui «Pasmepruvien) — allows you to use dimensional constraints;

o  Management (Ynpasiinusa «Ynpasienue») — allows you to manage constraints (delete, rename,
set numerical values, formulas, etc.).

View (Buo «Buo») — allows you to control the display of objects on the screen. Let's look at some
of the groups of commands that are present on this tab:

o Viewport tools (Incmpymenmu 6udosozo expana «Mucmpymenmul 61006020 3xpana») —includes
buttons for hiding or opening the viewport navigation tools: the PSC icon, the view cube, and the navigation
bar. Here you can also open the motion navigator panel;

o  Model Viewports (Buoosi ekpanu mooeni «Budosvie axpanvt modeaurn) — allows you to create and
edit floating viewports;

o Palettes (Ilanimpu «llarnumpein) — provides quick access to various palettes that allow you to
manage object properties, links to other drawing files and marks added to the document; perform various
calculations, publish sheet binders, groups of sheets or individual sheets, etc;

o Interface (Inmepeiic «HUnmepgpeiicy) — contains commands that are used when working with
several open drawings. With this group, you can place document windows in the working area of the
programme and fix their position.



Management (Vnpaeninus «Ynpasnenuen) — contains tools for changing various application
settings, adapting the application interface (workspace, toolbars, menus, and keyboard shortcuts) to solve
specific tasks. This tab also contains a group of commands for working with macros created in the VBA
programming language.

Output (Bucnosox «Bwieoo») — This contains groups of commands for setting options for previewing
your document before printing, printing, publishing to the web, and exporting.

Add-ins (Harawmysanus «Hacmportixu») — contains additional tools in various categories that are
easy to use and cover a wide range of AutoCAD functions, including drawing, selecting, and modifying
objects.

A360 (Autodesk 360) — allows you to upload finished drawings to a specified location, open them
online, display earlier versions of the drawing, share the drawing with other users, create a link (URL) to
the drawing so that other users can view it, and receive notifications from them.

Recommended Apps (Pexomenoosani dodamxu «Pexomendosannvie npunodcenus») — Provides
links to the Autodesk Exchange site and third-party AutoCAD sites where you can find many additional
materials and tools.

When you select certain objects on the ribbon, additional tabs may appear to help you work with
them. For example, if you need to insert a table into a document, the Text Editor tab appears on the ribbon,
with tools for editing the text you enter into the table.

By default, the ribbon contains all the main tabs, and they contain all the panels that consist of a
group of commands. To remove a tab from the ribbon, right-click on the ribbon and in the Show Tabs
submenu, uncheck the box next to the name of the tab you want to remove from the ribbon. If you want to
hide any panel from the tab, right-click on the tab and in the Show Panels submenu, uncheck the box next
to the name of the panel you want to hide.

You can remove any panel from the ribbon to turn it into a separate window (Figure 1.3). Such a
panel will be displayed even if you select another tab, until you click the Return Panels to Ribbon button

on this panel.
/ u—:) @ f‘: Return the panels to the tape

| Otpezor MoaunuHmg prr

Pucosanne

Fig. 1.3. Click this button to return the panel to the tape

To hide the ribbon, click the button with a downward triangle to the right of the ribbon tab names.
The first click will collapse the ribbon to the tab and tool group icons, the second will show only the panel
and tool group names, and the third will show only the tab names. The fourth click restores the ribbon to
its original appearance.

Above the ribbon is the application menu (the button with the letter «A»). It contains the items that
replaced the tabbed ribbon in earlier versions of AutoCAD, as well as some other items.

A quick access panel is next to the button for opening the application menu . It contains buttons for
frequently used commands: Create, Open, Save, Save As, Print, Undo, and Redo (CtBopuru, Bigkpuru,
30epertu, 30epertu sk, Apyk, CkacyBatu ta [loBroputn «Co3nats, OTkpbITh, CoxpanuTtb, COXpaHUTbH
kak, [leuath, OTMenuTh Ta [ToBTOpHUTH»). Next is a button to open the menu that allows you to customise
the Quick Access Toolbar: remove buttons for unnecessary tools or add buttons for necessary tools, display
the Quick Access Toolbar above or below the ribbon, and open the menu bar. In particular, the Workspace
command displays a panel that allows you to select a workspace for working on the model. If you don't
change the initial settings, AutoCAD opens in the Drawing and Annotation workspace, which is the
workspace most often used by designers.

The Model, Sheetl and Sheet2 tabs are displayed in the lower left part of the program window
(Figure 1.4). The Model tab is active by default. This means that the screen displays the two- or three-
dimensional space of the model. When you click on any of the Sheet tabs (there can be any number of
them), you are taken to the sheet space. To the left of the tabs are buttons for switching between them.
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Fig. 1.4. Tabs for switching between sheet and model spaces

In the lower left corner of the graphical area of the program window, a custom coordinate system
CCS («IICK») pointer is displayed (Figure 1.4). By default, AutoCAD uses the World Coordinate
System WCS («MCK»). Its pointer is located at the point with coordinates (0, 0, 0).

To configure the AutoCAD system settings, go to the View (Bun «Bumy) tab on the ribbon and click
the arrow button in the Interface (Iurepdeiic «Uutepdeiic») section. The Options dialogue box
(ITapametpu «Ilapamerpsi») appears (Figure 1.5).
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Fig. 1.5. The «Screen» (Expan «3Okpan») tab of the «Options» (ITapamerpu «Ilapamerpsr») dialogue box

At the bottom of the application window is a status bar with a set of buttons for controlling the
drawing display.

AutoCAD allows you to set the colour of various elements of the working window. To do this, do
the following.

1. Click the menu button with the letter «A» in the upper-left corner of the AutoCAD window. A
menu appears to allow you to select program controls.

2. Click the Options button in the lower right corner of the menu.

3. In the Options dialogue box that opens, go to the Screen tab (Figure 1.5).

4. In the Elements area of the window, click the Colours button.
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5. In the Drawing window colour scheme window that appears, in the Context list, select the type
of application window, in the Interface element list, select an element, and in the Colour drop-down list,

select the desired colour.

So, for example, to change the background of the model space to white, in the Context list, select
2D model space, in the Interface element list, select Uniform background, and in the Colour list, select
White. In the Swatch box, the background colour will change to white (Figure 1.6).

6. Click the Accept and OK buttons to save the changes and exit the dialogue box.
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Fig. 1.6. Changing the background of the model space

By default, the menu bar is hidden in the AutoCAD work window. To display it, click the down
arrow button at the right end of the Quick Access bar and choose a command from the Show Menu Bar
menu that appears. The application window will display the classic menu familiar to users of previous
versions (Figure 1.7).

daAn Mpaeka Bwa CnvAHke  ©opvat  Cepelc  YepueHve  Pasvepel  MzveHMTe OkHO Cnpaeka

Fig. 1.7. AutoCAD menu bar

1.5. User interface (Classic AutoCAD)

For ease of use, AutoCAD can switch to different workspaces — 2D drawing (flat drawings), 3D
modelling (three-dimensional models) and Classic AutoCAD (a minimal set of the most necessary tools).
It is advisable to start learning AutoCAD from the Classic AutoCAD workspace.

Figure 1.8 shows the classic AutoCAD desktop for Windows. It consists of the following elements:

—drop-down menu — the top line, located directly below the title of the application window;

—standard toolbar — the second line from the title;

—object properties line — the third line;

—status bar — the line at the bottom of the application window;

—command line window — above the status bar;

—optional toolbars;
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—on-screen menu — optional, column on the right;
—graphic field — occupies another part of the desktop.
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Fig. 1.8. The AutoCAD workspace

Drop-down menu ([ladarwue menro) — contains items that display AutoCad commands according to
their functional purpose.

Standard toolbar (Cmanoapmna nanens incmpymenmis) — contains buttons for control commands
and commands used in the Windows environment.

Object Property Panels (Ilaneni enacmusocmeii 06'exkmig) — are panels for creating and managing
layers, designed to work with the colour, type and weight of lines.

Status bar (Psi0ox cmany) — contains the current cursor coordinates and buttons to enable/disable
drawing modes.

Command Line Window (Bixno xomanonux psoxig) — used to enter commands and display
AutoCAD prompts and messages.

Toolbars (Ilaneni incmpymenmig) — contain buttons for calling drawing commands and editing
commands. There are 35 panels in total. If necessary, you can display other panels.

On-screen menu (Expanne menio) — contains menus, submenus, commands, keys. When you select
certain lines of the menu, you go to a submenu that defines a group of commands that are functionally
related.

Graphics area (I paghiune none) — is the space in the middle of the AutoCAD workspace where all
drawings and editing operations are performed.

To view most of the command protocol — the so-called command history — you can switch to the text
window. This window is called up by pressing the F2 function key.

The crosshair cursor controlled by the pointing device (mouse) is used to mark points and select
drawing objects.

13



1.6. Assignment of the control keys

F1 — Call up the system help.

F2 — opens the AutoCAD text window.

F3 — enables/disables the Snap mode.

F6 — enables/disables the display of cursor coordinates.

F7 — enables/disables the grid image.

F8 — enables/disables the «OPTO» coordinate axis mode.

F9 — enables/disables the mode of fixation with a specified step.
F10 — enables/disables control from the tablet.

1.7. Toolbars

A drop-down menu bar provides access to most AutoCAD commands. This panel is called the system
menu. The panel contains buttons with menu names. Clicking the buttons opens menus that group
commonly used AutoCAD commands by function. Figure 1.9 shows the drop-down menu bar.

If there is a small black triangle at the end of the menu, the item opens a secondary menu (submenu).

If the menu item ends with three dots, it opens a dialogue box.
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Fig. 1.9. Drop-down menu bar

The drop-down menu contains tabbed drawing tools:

File (Daiin «®aiiny) — menu for working with files;

Edit (Ilpasxa «IIpaska») — the menu for editing parts of the graphical field of the Windows desktop;

View (Buo «Buo») — contains commands for controlling the screen, panning, switching between sheet
space and model space, setting the viewpoint, removing invisible lines, colouring, tinting, and managing
display options; allows you to install the necessary toolbars;

Insert (3numms « Crusinuen) — allows inserting blocks, external objects, objects of other applications;

Format (Dopmam «D@opmam») — allows you to work with layers, colour, line types; control text
style, size, point marker type, multiline style; set units of measurement, drawing borders;

Tools (Cepsuc «Cepsuc») — contains tools for managing the system and the user screen, including
setting drawing parameters and snaps using dialogue windows, and working with a custom coordinate
system;

Draw (Kpecnennsi « Hepuenue») — contains drawing commands;

Dimension (Posmipu «Paszmepovry) — for commands to set dimensions and manage dimension
settings;

Modify (Peoazysamu « Pedakmuposams») — includes commands for editing drawing elements;

Window (Bixno «Oxno») — a section that allows you to use commands to display multiple drawings
simultaneously;

Help (/losioka «Cnpaskay) — contains a powerful hypertext help system.

The AutoCAD desktop contains 6 of the 35 toolbars: the Standard toolbar (crannapTHa maHesb
IHCTpyMEHTIB), the Styles toolbar (naneny Cmuni «Cmuau»), the Layers toolbar (nanens [llapu «Crouy),
the Object Properties toolbar (nanenv Bracmusocmi 06'ekmie «Ceolicmea obvexmosy), the Drawing
toolbar (mamens Mamosannus «Pucosanue»), and the Edit toolbar (manens Peoacysanns
«Peoaxmuposanue»). For the convenience of working with a specific task, the user can display any other
of the remaining toolbars on the desktop.
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To call the required panel on the screen, right-click on any visible panel and select the name of the
required panel in the list that opens, as shown in the figure (Figure 1.10). You can remove an unnecessary
panel from the screen by doing the same thing again.
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Fig. 1.10. List of panels

After a new panel is displayed, it appears as a separate window. You can use the mouse to drag it to
any convenient location. This is done in the same way as with ordinary windows in Windows: place the
mouse cursor on the panel window, press the left mouse button and drag the panel to the desired position
without releasing it. You can also attach the panel to one of the edges of the AutoCAD window. To do this,
simply drag the panel to the desired edge.

1.8. Object properties

AutoCAD lets you build geometric objects of many different types. You can use AutoCAD's drawing
tools to create a wide variety of objects, from simple lines and circles to spline curves, ellipses, and shaded
areas. When you draw objects, you specify points either by using a pointing device or by entering coordinate
values on the command line.

A set of properties is associated with each object you create in AutoCAD.

A line type is assigned to the object: continuous, dashed, dotted, and so on. In addition to the standard
ones, the user can create custom line types.

The colour of an object allows you to visually associate it with other objects that have the same
functional load. When printing a drawing, different colours of objects can be assigned lines of different
thicknesses.

Layers in AutoCAD are similar to tracing paper used in freehand drawing. Using layers allows you
to create a drawing in layers that contain interrelated elements of its description. Objects are created in the
current layer. Layers are assigned names, the layer name can be up to 31 characters, including letters,
numbers, and special characters, and they can be assigned separate colours and line types. The use of layers
provides the user with a wide range of options for managing the image on the screen. Thus, to reduce the
saturation of a complex drawing, it is recommended to temporarily disable the visibility of layers that are
not currently being worked on.
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1.9. Working with the screen

AutoCAD provides a wide variety of drawing views. When editing a drawing, you can quickly move
from one view to another to make changes.

Screen controls include:

— to enlarge or reduce the drawing or its fragment on the screen;

— move the drawing or its fragment on the screen.

The easiest way to control the screen is in two ways:

— and using the middle mouse button-wheel button. When you rotate the wheel away from you, the
image on the screen increases, and when you rotate it towards you, it decreases. If you move the mouse
while holding down the scroll wheel button, the image moves across the screen;

— using buttons 1-4 on the standard toolbar (Figure 1.11).

S EC @R
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Fig. 1.11. Screen control buttons

Buttons 1-4 in Figure 1.11 perform the following functions:

1 —the «Live Pany (I[lanopamysanns 6 peanvrhomy yaci «llanopamuposanue 8 peaibHOM 8pemMeHU»)
button moves the drawing on the screen when you move the mouse (the left mouse button is pressed, and
the cursor takes the shape of a palm);

2 —the «Zoom in real timey» (3ymmysanns 6 peaibHoMy 4aci « 3yMMUPOBAHUE 8 PEATbHOM 8DEMEHUN)
button smoothly increases or decreases the drawing fragment by moving the cursor vertically up (increases)
or down (decreases);

3 —the «Show Frame» (Iloxasxcu Pavmxa «Ilokasxcu Pamxa») button changes the size of the visible
part of the drawing;

4 — returns the previous screen view (previous scale).

To change the size of the visible part of the drawing, use the ZOOM (Tlokascu «Ilokasicu»)
command.

You can perform all of these screen changes with a trackball mouse.

A wheel-button mouse is a two-button mouse with a small wheel-button between the buttons. The
functions of the left and right buttons are the same as those of a standard mouse. The wheel can only be
rotated in discrete increments. You can use the mouse wheel to zoom in and out of the drawing without
using commands.

By default, the zoom factor is set to 10 percent, and each one-digit incremental rotation of the mouse
wheel causes a 10 percent change in the on-screen magnification factor. The ZOOMFACTOR system
variable determines the sensitivity of commands to one discrete step of mouse wheel rotation (forward and
backward). The larger the value, the greater the sensitivity.

The following table shows the mouse operations supported by the program.

For.... .
It is necessary

to change the on-screen| turn the jog wheel forwards (to increase the factor) or backwards (to
magnification decrease the factor)

to display the image within the

. press the wheel button twice
drawing,

move the cursor in the desired direction by holding down the wheel-

panning button

move the cursor in the desired direction by holding down the CTRL key
and the wheel button

call the object snap context|assign the value 0 to the MBUTTONPAN system variable and click the
menu wheel button

joystick panning
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AutoCAD can restore up to 10 previous views in sequence. This number includes views obtained not
only when zooming, but also when panning. The SHOW (Iloxazame «Ilokazamwvy) command with the
Previous ([lonepeoniii «Ilpedwvioywuiiy) option restores only the on-screen magnification and position of
the view, not the previous content of the drawing being edited.

1.10. Finishing and saving the drawing

You can save drawings or selected objects in the same way as in other applications. You can also
manage auto-save operations and file backups.

When working with a drawing, it is recommended to save it periodically. This will help to avoid data
loss in the event of unforeseen situations, such as a power failure.

The file name extension for drawings is .dwg. Until the user changes the file format, the drawings
are saved by default in the last specified format. By default, the program creates a backup copy of the
previous version of the drawing folder each time it is saved. Advanced users prefer to use the backup
function.

If you need to revert to a previous version of the file, you can rename the file with the .bak extension
in the drawing folder and specify .dwg as the extension.

By default, the program automatically saves the drawing 10 minutes after the last save. You can
increase or decrease the interval between auto-save operations or disable auto-save.

The first time you save a new document to a file, AutoCAD prompts you to rename it and allows
you to select or create a folder in which to save it. It's best to save project-specific files in their own folder
with a corresponding name.

1.11. Graphical drawing primitives and commands for creating them
Types of primitives

AutoCAD drawings are built from a set of graphic primitives, which are drawing elements that are
treated as a whole, rather than as a collection of points or objects. Drawing commands create graphic
primitives and are found on the Draw drop-down menu.

Primitives can be simple or complex.

Simple primitives include the following objects: point, line, arc, circle, line, ray, ellipse, spline, and
text.

Complex primitives include: polyline, multiline, multitext, size, indentation, tolerance, hatching,
block or external link inclusion, attribute, and bitmap.

Any command can be called in one of three ways:

1. Left-click on the corresponding icon on the toolbar.

2. Left-click on the corresponding item in the drop-down menu.

3. Enter the name of the command in the command line (either in uppercase or lowercase letters).

In AutoCAD, each subsequent command can be used only after the previous command has been
completed. The AutoCAD system is ready to work with the next command when the command line prompt
looks like Command:

It should be noted that regardless of the method of entering commands, you need to constantly
monitor the command line to see the system's response and requests (options) and enter additional
information (numeric value, keyword, point coordinates, etc.).

Note. It is further recommended that you note that the drawing, editing, and drawing
commands, keys, and queries for these commands are mostly in English, with translations provided in
parentheses.

Point

A point is entered by using the «Point» («Touka») command or by specifying two-dimensional (3D)
coordinates or by clicking the mouse. A single command will enter points repeatedly until the <Esc> key
is pressed.
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By default, the point is displayed as a dot (.) on the screen, and it is not very visible in the drawing.

You can make the point appear asa =+, ., O, O or any other symbol available by choosing Format— Display
Points. In the dialogue box that opens (Figure 1.12), select the desired style of point display. Here you can
also set the size of the point symbol.
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Fig. 1.12. The «Display points» (Bizoopaxxenus Touok «Otobpakenue Touek») dialogue box

From the «Drawing» menu, select «Point», or from the «Drawing» panel, select the corresponding
button (left-click).

«Pointy» (Touka «Touka») - calling the command

The command appears on the command line:

Command.: Point : (set the coordinates of the point)

Exit the command — the key <Esc>.

The PDMODE command can be used to change the type and the PDSIZE command to change the
size of the marker. You can view the valid types of markers by using the VSLIDE command with the
response «POINTS».

You can also change the type and size of the point marker by calling the window from the Format
menu — «Point Display», in which you can select the required type of point marker.

Line

You draw a line with the «Line» (Bigpizok «OTpe3ox») command.

Lines are the simplest objects in AutoCAD. They can be single segments or can be joined by
endpoints to form a broken line. Each line( segment) is an independent AutoCAD object, even if it is part
of another object.

Draw Lines of a given length

From the «Draw» menu, select «Line» or from the «Draw» panel, select the corresponding button
(left-click) .

«Line» (Bigpizok «OTpe3ok») - calling the command

The command appears on the command line:

Line From point: left-click on the screen

To point(Specify the end point): @(length of the segment along the OX-axis, length of the segment
along the OY-axis)

Exit the command: right-click.

Example. Draw a rectangle with sides 5x10 mm.

To do this: from the «Drawing» panel, select the «Line segment» button

On the command line :

Line From point: left-click on the screen (point 1)

To point(Specify the end point): @5,0 (to point 2)

To point(Specify the end point): @0,10 (to point 3)

To point(Specify the end point): @-5,0 (to point 4)

To point(Specify the end point): @0,-10 (close at point 1)

Exit the command: right-click.
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Loading the line type

1. Choose «Line Types» from the «Format» menu or click the corresponding button in the «Object

Properties panel».

2. In the «Line Type Manager» dialog box, click the Load button (Figure 1.13).

3. In the «Load/Reload Line Types» dialogue box, select a line type from the «Available Line Types

list». Then click «OK» (Figure 1.14).
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Fig. 1.14. Selecting a line type from the «Available line types»

(HoctymHi Tunu JiHiNA «JI0CTYTHBIC THIIBI JIMHUI )
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4. The line type selected from the list is added to the list of line types in the «Line Type Manager
(ducnietuep TumiB miHii «/lucmerdep tunos JuHuii») window. If you stand on it, you can make it active
by clicking the «Current buttony» (Ilorounwmii «Texyumii») (Figure 1.15).
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|Mocnom _
Mofnoky

5 — — —— — IS0 urpuscEan
ontinuous ————— Continuous

ok | [ omess | [ Crpseca |

Fig. 1.15. Making the selected line type active

5. Click the «OK» button.

The line type selected from the list is also added to the «Line Types» drop-down list in the «Object
Properties» (BnactuBocTi 00'ektiB «CBoticTBa 00bekTOB») panel (Figure 1.16).

MzMEHMTE DKHO CNp3Eka
Lo HERESLE A |=Bhm R || ke
W Nocnow ,‘_V[ FE—— .&E.-'l':DZ‘-.-k-"m[:\_fl |
- o MNacnow '
Matinoky

— —— - AR ]

Mocnow |

Caontinuous
Opyroii...

Fig. 1.16. Selected line type in the «Object Properties» panel

Example. Draw a dashed line with a length of 100 mm.

1) switch on the «<OPTO» mode;

2) to draw a dashed line, you need to:

— in the object properties line of the «Properties panel», select «Line Types» and choose a dashed
line if it is in the list. Otherwise, click «Other...» in the same window or choose «Line Types» from the
«Format» menu;

—in the «Line Type Manager» window, click the «Load» button;

— in the window that opens, select the required line type and click OK;

— place the cursor on the selected line type, click the «Current» button and «OK»;

3) then select «Line» from the Drawing menu or from the Drawing panel;

in the command line:

Line From point (Specify the point 1):  left-click on the screen
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To point (Specify the end point): 100 (set the length of the segment and move the cursor in the

desired direction)
Exit the command: right-click or press the <ENTER> key.

Drawing curved objects
Drawing arcs
An arc is drawn with the «Are» ([yra «/lyra») command. Since an arc is part of a circle, you must

use both circle and arc parameters to draw an arc (Figure 1.17).
AutoCAD provides a wide range of methods for drawing arcs (Figure 1.18).

Starting point

Radius of the arc
Center angle of the arc

Center of the arc Direction of the arc

The length of the chord
End point

Fig. 1.17. Arc parameters

You can draw arcs in different ways. By default, the arc is drawn by specifying three points: start,
intermediate, and end, and the arc is drawn counterclockwise. You can also define the arc by specifying the
centre angle, radius, direction or chord length using the «Drawing» drop-down menu.
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Bnok 4 +//. Ha4ano, KoHew, yron
r Ha4ano, KoHel, HanpasneH1e
E Tafnnua...
+/I Ha4ano, KoHew, paauyc
Touka ’
5} wrpnxoeka... /", LLeHTp, Ha4ang, KoHew
ﬁ LleHTp, Ha4ano, yron
E,E paaneHT... -
i ﬂ LleHTp, Ha4ano, AnuHa
H KoHTYp...
[} OfnacTte « Mpojon¥uTe

Fig. 1.18. Ways to create arcs

«Arce» (yra «lyra») — calling the command

Keys:

Center (Llenmp «l]enmpy):

Start point (Ilouamxoea mouka «Hauanbhas mouxay):
End point (Kinyesa mouxa «Koneunas moukay):
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Angle (Kym «Yeon»):

Length of chord (Hosocuna xopou «/[nuna xopow»):

Radius (Padiyc «Paouycy):

Direction (Hanpsm «Hanpasnenuey):

Drawing an arc from three points

1. From the «Draw» menu, select «Arc» > «3 Pointsy» or click the «Arc» button from the toolbar.
2. Left-click the start point.

3. Select the second point by left-clicking.

4. Specify the end point.

5. ENTER
Example. Draw an arc from three points. 3
To do this: From the «Drawing» panel, select the «Arc» button or 1
choose «Arc» from the «Drawing» menu.
In the command line: 2
Centre/<Start point>: 50,30 (start point 1)
Centre/End/<Second point>: 60,20 (second point 2)
End point: 35,15 (end point 3).
Example. Draw an arc by the start point, centre and angle. 2 /
To do this: From the «Drawing» panel, select the «Arc» button or °
choose «Arc» from the «Drawing» menu. Center
In the command line: |
Center/<Start point>: 30,20 (start point 1)
Centre/End/<Second point>: C(I) (set the centre)
Centre: 50,30 (coordinates of the
centre - point 2)
Angle/Lengt of chord/<End point>: A(Y) (specify the angle)
Included angle: 80 (angle size).

Drawing a circle

A circle is one of the most common objects in drawings. You draw a circle with the «Circle» (Koo
«Kpyr») command. AutoCAD provides 6 ways to draw a circle (Figure 1.19):

fyra 4 |

Kpyr 2 (D) Leno, paawyc
@ Fonewo @ LleHTp, anameTtp
CnnarH . '
'NJ T [_} 2 TOHKH
2nnync a,
CF 3 Towew
Bnak r '
B Tabmvua ' fE} 2 TOYEH KaCaHHA, paaMyc
3 TOMKM KacaHHA
Toukoi Lo

Fig. 1.19. Methods of drawing a circle

1. At the given centre and radius of the circle.

2. Given the centre and diameter of a circle.

3. By two points (2P (2T)). Drawing a circle by two given points that lie at the ends of the diameter.

4. Given three points that do not lie on the same line (3P (3T)).

5. Given two points - tangents and a given radius (TTR (KKP) — 2 points of touching, radius). The
essence of this method is that a circle is drawn that is tangent to two other objects, for example, a segment
and another circle that are already on the drawing (Figure 1.20, a). First, you need to set any point on the
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first object (line) — the Delayed Tangent (3ampumana domuuna «3adepacannas kacamenvhasy) marker
will appear, then sequentially set any point on the second object (circle) - the Delayed Tangent marker will
also appear on it.

When prompted, specify the required radius of the circle and press <Enter>.

You can draw many circles tangent to two objects, and which will differ in their radii (circles 1, 2, 3
in Figure 1.20, a).

6. By three tangents. This method is similar to the 3P (3T)method, except that the points are the
points of contact with the specified objects (Figure 1.20, b). Here, too, the Delayed Tangent marker appears
when you specify objects.

Fig. 1.20. Examples of circle construction using the
2 points of touching, radius (2 mouku domuxy, padiyc «2 mouxu Kacaus, paouycy)
method and three tangents:
a — a circle that is tangent to two other objects, b — a circle that is tangent to three other objects

«Cercle» (Kono «Kpyr») — calling the command

Keys:

2P (2T) — draws a circle at 2 points on the diameter.

3P (3T) — draws a circle from 3 points on the circle.

TTR (KKP) — Draws a circle using 2 tangents and a radius.
Centre point («Ilenmp») — The point of the centre.

Example. Draws a circle with the given centre and radius. Center at  p,o
the point 40,20; radius = 20 mm.

To do this, select the «Circle» button from the «Drawing» panel or
select «Circle» from the «Drawing» menu.

In the command line:

3P/2P/TTR/<Centre point> (3T/2T/KKP/<Centre point>): 40,20

Radius/<Diameter> (Circle radius or [Diameter]): 20

To exit the command: right-click.

Tentp(40,20)

Example. Draw a circle using two points of diameter.

To do this: from the «Drawing» panel, select the «Circle» button or

from the «Drawing» menu, select «Circle.»

In the command line:

3P/2P/TTR/<Centre point> (3T/2T/KKP/<Centre point>): 2P(2T)

First point on diameter: 50,20 (point 1)

Second point on diameter: 30,15 (point 2) 2
Exit the command: <ENTER> or right-click.

1
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Example._ Draw a tangent circle to the other two circles.
First, prepare two circles of smaller radius using the examples above.
Then draw the third circle, which will be tangent to the first two circles. 1
To do this, select the «Circle» button from the «Drawing» panel or
choose «Circle» from the «Drawing» menu.
At the command line :
3P/2P/TTR/<Centre  point>  (3T/2T/QCD/<Centre  point>):
TTR(«KKP») (tangent to the other two primitives)

Tangent to two primitives: (specify the target on 1 circle)

Enter second Tangent spec: (point to the target on the 2nd circle)
Radius: 80

Exit the command: right-click.

Drawing an ellipse

An ellipse is drawn using the «Ellipse» (Eninc «2mmunc») command.

By default, ellipses are drawn by specifying two endpoints on the first axis and a third point that
defines the distance from the centre of the first axis to the edge of the ellipse, which is half of the second
axis (Figure 1.21). The first axis can be drawn at any angle to the horizontal.

Another way to create ellipses is to specify the coordinates of its centre and the dimensions of its two
semi-axes. The Rotation parameter sets the ratio of the axes of the ellipse by rotating the circle about the
first axis. The greater the rotation angle A, the greater the ratio of the minor axis to the major axis. Rotation
angles with values from 89,4 to 90,6 degrees are not allowed, because the ellipse will look like a straight
line in this case. Values that are multiples of these rotation angles result in a mirror effect every 90 degrees.

First axis
\ { Angle A
The second axis \

Center of the
ellipse

Fig. 1.21. Parameters for creating an ellipse

«Ellipse» (Eninc «3mmunc») calling the command.
Keys:

Arc (I[vea «/{yza») allows you to draw elliptical arcs /’T\
Center (I{enmp «l]enmp») — The centre of the ellipse - :
Rotation (TTosopom «Ilosopom») — the angle of rotation of the M

second axis

Example._ Construct an ellipse along two semi-axes.

To do this: from the «Drawing» panel, select the «Ellipse» button or from the «Drawing» menu,
select «Ellipse»

In the command line :

Centre/<Axis endpoint 1> 30,10 (1 point of the ellipse axis)

Axis endpoint 2: 50,30 (2nd point of the ellipse axis)

<Other axis dictation>/Rotation: 10 (size of the other half of the axis).

Drawing polylines

A polyline is drawn with the «Pline» (ITomininis «ITomunuams») command. A polyline can be closed
or open. Polylines are useful for creating three-dimensional objects.
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A polyline is a connected sequence of segments. All these segments are a single object. Polylines
can consist of linear and arc segments, as well as any combination of them. Polylines are used when you
want to work with a set of segments as a whole. In a polyline, you can change the width and curvature of
the segments.

The created polylines can have different widths, which is set by the Width and Half Width keys. You
can set a different width for each segment; in addition, segments can be narrowed or widened if the widths
at the start and end points are different. These options are available after you specify the start point when
you draw a polyline.

The Width and Half Width keys specify the width of the next segment of the created polyline. If you
specify a value of 0, a thin segment with zero width is drawn. Any non-zero positive width values result in
the creation of wide lines that are displayed as shaded or as contours, depending on the state of the shading
mode. The Half Width key specifies the distance from the centre line of a wide polyline to its edge.

«Pline» (ITomininis «ITonmunuans») — calling the command.

Keys:

Half~width (Hanisewupuna «llonywupunay) — The distance from the centreline of the wide polyline
to the edge of the polyline

Width (LLlupuna «[Llupuna») — The width of the next segment. You are prompted for the start and
end widths

Undo (Biominumu « Ommenumsy) — to cancel the last segment

In segment creation mode:

Keys:

Arc Arc (l[yea «/[yea») — switch to arc mode

Close (3amxnu «3amxnuy) — to close the segment.

Length (Jloéacuna «/[nunay) — the length of the segment as a continuation of the previous segment
in the same direction.

In arc mode:

Angle (Kym «Yeon») — centre corner

Center (I{enmp «l]enmpy) — centre of the arc

Close (Bamxnu «3amxnuy) — Close the arc

Direction (Hanpsam «Hanpasnenuey) — direction

Line segment (Biopizox «Ompe3soky») — Switch to line mode

Radius (Paoiyc «Paduycy) — the radius of the arc

Second point [{pyea («Bmopasi») — Second point of the arc

The following features of a polyline can be noted in comparison with simple primitives:

— a polyline is a single object that can be conveniently used for deletion or editing operations (for
example, drawing a parallel line);

— a polyline is convenient for drawing bold lines in a drawing;

— the variable width of the polyline segments can be used for graphic effects (arrows, etc.).

Example. Draw a broken line with the line thickness set.

In the «Drawingy panel, click the «Polyline» button or choose «Polyline» from the «Drawing» menu.
On the command line:

Pline (Ilonininia «llonununusy)

From point. 40,10 (Point 1) 1 2 3
Arc/Cl/.../Width: W(LI)

Starting width: 0.5

Ending width: 0.5

Arc/Cl/.../Width:50,12 (Point 2)
Arc/Cl/.../Width:W (L)

Starting width: 3

Ending width: 0

Arc/Cl/.../Width:60,14 (Point 3)
Arc/Cl/.../Width: <ENTER>
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Example. Draw an arrow using a polyline.

In the «Drawingy panel, click the «Polyline» button or choose «Polyline» from the «Drawing» menu,
turn on the <OPTO> mode.

On the command line

Pline (Ilonininia «llonurunusny)

From point (Tlouamxosa mouxa «Hauanvnas mouxay): Click on the screen and specify the direction
of the arrow (Point 1)

Arc/Cl/.../Width (Hacmynua mouka abo [Iyea/.../[Illupuna] «Credyrowass mouxka uiu
[yea/.../Hlupunaly): W)  (Select width)

Starting width: 0 (Initial width)

Ending width: 2 (Final width)

Arc/Cl/.../Width (Next point or [Arc/.../Width]): 5 (Set the arrow length, point 2 appears)

Arc/Cl/.../Width (Next point or [Arc/.../Width]): W(W) (Select width)

Starting width: 0 (Initial width)

Ending width: 0 (Final width)

Arc/Cl/.../Width (Next point or [Arc/.../Width]): 10 (Set the length of the segment, point 3 appears)

Arc/Cl/.../Width (Next point or [Arc/.../Width]): <ENTER> (Exit).

* Point 1
"
2 mm i
L § Point 2
S
~ Point 3
Arrow scheme Performing an arrow drawing

Spline

A spline is formed by specifying all the points to be smoothed with the «Spline» (Crunatin «Crunaiia»)
ine command. The spline can be closed, building a smooth curve according to the specified defining points
and the direction of the tangents at the start and end points. It can be used to approximate curves that require
a lot of labour to draw accurately. For example, complex lines of intersection of bodies can be drawn using
splines. In a traditional (paper) drawing, several nodal points (from 3 to 7) are drawn using precise methods
(e.g., descriptive geometry), and templates are used to construct the entire curve. In Figure 1.22 a hyperbola
and a parabola are created from the given points using a spline. Splines are also used to draw curves of any

shape.
Parabola
Hyperbole

Fig. 1.22. Splines

«Spline» (Crutaitn «Crutaiin») — calling the command

Keys:

Object (06'exm «Obwvexmy) - converts a smoothed polyline to an equivalent spline

Fit Tolerance ([onyck «/lonycky) - if the value is zero, the spline passes through the specified points,
if it is positive, it passes through the specified deviation.
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Multiline

You can draw a multiline with the «Mline» (Muninis «MimHUs») command.
A multiline is a multi-line line that contains from 2 to 16 equidistant line segments. Multiline allows
you to quickly draw walls on plans and sections of buildings.

Creating and editing with «handles»

Draw a multiline that contains two lines with a distance of 200 mm between them. This can be a wall
outline on a building plan. The width of the line (wall) is set by the Scale option:

«Mline» / Scale /200 / specify a start point / move the cursor to the side — a double line will follow
the cursor / specify a second point / draw several segments of the multiline.

Draw multilines with the «OPTO» mode enabled. Start building from the left point of the contour
(Figure 1.23, a), going around the contour clockwise:

«Mline» / build a contour, setting the dimensions to eyeball scale. Close the drawing with the Close
option.

You can edit the multiline by moving the «handles» that appear when you specify the multiline:

— point to the constructed line — «handles» appear;

— turn on the End object snap and the object tracking mode (F11);

— by moving the «handles» in the object tracking mode, change the contour view as in the examples
(Figure 1.23, b, ¢);

— F2 — display the text window and consider the list of current parameters

Location = Top, Scale = 20, Style = STANDARD. commands.

The list shows the current settings:

a b c

Fig. 1.23. Multiline contour:
a — initial, b, ¢ — after editing with «handles»

Editing properties

Basic properties of a multi-line: Line Weight, Scale, Fill Colour, Line Type Scale, Location - can be
edited in the «Properties» dialogue box:

- select the multiline and right-click / select Properties from the context menu / change the parameters
of the selected line, for example, assign a new Line Weight and Multiline Scale, Location.

There are a number of significant restrictions on editing a multiline. You can't edit the parameters
specified by the multiline style: the number of line segments, their offset, ends and joints, and a number of
others. The multiline style itself cannot be edited if the file contains at least one line of this style. You
cannot assign a different style to a created multiline.

Another limitation is that the weight and layer of a multiline is set to the same value for all its
segments. If you need to set these parameters separately, you'll need to split the line into segments. In this
case, the special properties of the multiline are lost.

Editing intersections
Multiline editing is performed with the Mledit command:
Multiline editing is performed with the «Mledit» (Mipen «Mipea») command:

«Mledit» or double-left-click on any multiline opens the «Multiline Editing Tools» («MHCTpyMeHTBI
penaktTupoBaHus MyIbTHIMHANY) dialogue box (Figure 1.24).
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Intersection editing involves cross, tie, or angle joints. When editing, the sequence and location of

the marks are important.
The Multiline editing command also allows you to delete and add vertices and breaks.
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Fig. 1.24. Multiline editing tools window

Multiline style

The style is set with the «Mlstyle» (Muctuns «Mictunb»), command, which allows you to create
multilines for different purposes. The multiline style determines the number of lines included in it, the
distance between the lines, the type and colour of each line, the fill, the ends and joints of the lines.

Let's create a new style based on the STANDARD style (Figure 1.25, a, b):

— «Multiline Style» / in the «Multiline Styles» dialogue box, click the «Create» button / in the next
«Style Creation» window, enter a name for the new style, for example, 1

Continue — the new style parameters window opens (Figure 1.25, a).

T

Fig. 1.25. Style settings window:
a — style settings window, b — example style, ¢ — «Load-bearing wall» style
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The STANDARD style element list contains two lines. The offset of each line from the conditional
axis is 0.5 units. This means that the distance between the lines is one. So, when you assign a line scale,
you set a new distance between the lines.

Change the parameters of the new style (Figure 1.25, a):

— Specify Add — a new element with an offset of 0 appears in the list. If you do not change the offset,
the coordinate axis of the wall will be crossed out;

— Line type — change the type of the added line to an axial dashed line;

—in the Ends group of settings(7opyet), check the Segment.: End;

— Set the fill colour to yellow, for example;

— tick the Show joint checkbox;

— If you have any questions during the setting, click the Help button;

— OK to finish setting the style;

—in the «Multiline Styles» window, click Set / OK — the style is created and set by default;

— «Mline» / draw a line with a new style (Figure 1.25, b).

Compare the parameters of the drawn line with the style settings: centreline, open start and closed
end, fill, and link joints.

— In the Properties window, edit the stroke length of the centreline.

Copying a style

The style is saved in the file where it was created. It can be transferred to another file when copying
a multiline through the memory buffer. You can save a style to a special external file with the .min
extension. In this case, the style becomes publicly available.

Exercise. Save the style of the external walls to an external file by placing it in your working folder:

— «Multiline Style» / in the Multiline Styles dialog box, select Save / in the Save Multiline Style
window, open the working folder / name the new style / OK.

You can save all the created styles in one file. In the future, the saved style can be loaded into any
dwg file. To load a style:

— «Mlstyle» / in the «Multiline Styles» dialogue box, select Load / find the style file / specify the
style name / OK / Install / OK.

Text

You can define set different types (styles) of text in AutoCAD.

Use the Format drop-down menu to open the Text Styles window, or type the Style command at the
command line.

«Text» (Texcr «Tekct») — calling a command

Queries:

Text style name(or?) (Im's mexcmogozo cmunio «Mms mekcmogoz2o cmuisy)

Specify full...( Brkasicimb nosne im'ss wpugpmy abo im's gpaiiny « Yeasicume nonnoe umst wipughpma unu
umst gaiinay)

Height (Bucoma «Bvicomay) — sets the height of the area that includes the letter

Width factor(Cmynine cmuchnenns-posmseyeanns « Cmenensb cocamusa—pacmsicenusy) — Sets the
scale factor

Obligating angle (Kym naxuny « Yeon naxnonay) — The angle of the text relative to the norms: positive
to the right, negative to the left.

Back wards? (Ilpasopyu nanieo? «Cnpasa naneso? »)— sets the text in reverse order

Upside-down?(y/n) (Ilepesepnymuii? «llepeseprymoiii? ») — set the text upside down

Vertical? (y/n)( Bepmukanvuuii? « Bepmuxanvuwiii?») — Write letters one above the other.

Single line text
The «Text» (Tekct «Tekct») command creates a single-line text object. When you call the

command, a simplified version of the block occurrence editor opens, which is a bounding box with a text
height that increases in size as you type.
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The command is designed to create a set of lines located one below the other. You can move to the
next line by pressing the <ENTER> key. Each line is a separate object that can be moved and formatted.

The «Text» command can be accessed from the «Drawing» — «Text» — «Single line menuy.

Queries:

Justify/Style/<Start point (Bupisnrosanns/Cmunv/<Ilovamkosa mouxa «Buvipasnueanue/Cmunn/
<HauanvHas mouka»>

<Enter> or Space — to move the carriage directly under the previous character

Height(Bucoma — determines the height of uppercase letters

Rotation angle (Kym naxuny «Yzon nosopomay)

Text-enters text.

Setting a text style when creating a single-line text:

1. Click Draw — Text — Single line.

2. Enter s (style).

3. At the Style Name prompt, type the name of the existing text style.

To get a list of text styles, you can type a question mark (?), then press <ENTER> twice.

4. Continue creating the text.

Set the alignment mode for single-line text:

5. Click Draw — Text — Single line.

6. Enter s (Style).

7. Set the alignment mode. For example, type v (BB) to align the text up and left.

8. Continue drawing the text.

Create a single-line text

9. Click Draw — Text — Single line.

10. Specify the insertion point of the first character. When you press the <ENTER> key, the
program will place the new text directly under the text object created last (if any).

11. Set the height of the text. The height prompt appears if the current text style has a zero height.

The text insertion point and the cursor are connected by a line.

12. Set the text rotation angle.

13. You can set the angle by entering a numeric value or by using a pointing device.

14. Enter a line of text. Press <ENTER> at the end of the line. If necessary, enter additional lines.

15. Ifyou specify a different insertion point, the cursor moves to the specified position, and you can
continue typing. Each time you press <ENTER> or specify a point, a new text object is created.

16. To end the command, press <ENTER> on an empty line.

Note. The AutoCAD system has the ability to include special symbols in the text string, such as
a diameter icon, a degree symbol, a tolerance icon, plus or minus, etc. This is done with the help of
special control codes. They should be entered directly when typing - they will be automatically replaced
with the appropriate characters. Special symbols must be entered in the form of control sequences in
English, each of which begins with two percentage symbols «% %».

For example, the following control sequences are possible (to be entered in English only):

%%d - special symbol for degree ©) (45° — 45%%4d)
%%c - special symbol for diameter (9) (020 — %%c20)
%%p - special tolerance symbol (€3] (£2 — %%p2).
%%u - special underline symbol (text)

%% % - special percentage symbol (%)  (100% — 100%%%)

Example. Set the text style.

To do this:

- from the «Format» menu, call «Text Style» (TekcToBuii ctuinb «TekcToBbiit cTuiby) (Figure 1.26)

— the Text Styles window appears on the screen (Figure 1.27);

— click on the «New» tab in the window that appears, name the new text style «Size» (Figure 1.27).
After that, in the «Text Style» window, you need to (Figure 1.28):

—in the «Font name» area, select the font type «xt.shxy;

—in the «Height» area, select the font height, for example, 6;

—in the «Degree of stretch» area, leave the value 1;
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—in the «Slope angley area, select the angle of the letters to be 15;
— click the «Apply» button.
The text style is now selected and active.
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Fig. 1.26. A fragment of the text style call window
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Fig. 1.28. Setting the text style
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Multi-line text

The «MTEXT» (MTEKCT «MTEKCT») command allows you to create text consisting of several
text lines or paragraphs, fitted into a user-specified paragraph width. The number of lines is not limited.
The entire multi-line text is a single object that can be moved, rotated, erased, copied, mirrored, stretched,
and scaled.

The possibilities for editing multi-line text are wider than for single-line text. In particular, for multi-
line text, the text editor built into AutoCAD is used, which allows you to form not only entire phrases, but
also individual words and letters. It even has a spell checker. Working in this editor is absolutely identical
to working in any text editor (for example, WORD).

Multiline text «<MTEXT» consists of one or more paragraphs that behave as a single object when
manipulated.

You can enter one or more paragraphs of multiline text in the text editor used at the point of editing,
in an alternative text editor, or on the command line. You can also paste text from .£xt and .ref files.

Before you can type or import text, you must set the border to the paragraph width of multi-line text.
Unlike the width, the length of the text is not determined by the border, but depends only on the size of the
object's text data. You can use the handles to move and rotate multi-line text objects.

The text editor used in the editing area is a window with a ruler at the top and a text formatting panel.
The editor window is transparent, which allows you to control the position of the text you're typing relative
to other objects.

You can apply different formatting to multi-line text by changing the specified text style. The
formatting affects only the selected text; the current text style isn't affected.

You can set the font and size of the text, and you can change the type (bold, italic, underline) and
colour. You can also set the angle, change the character spacing, and expand or contract symbols.

The «MTEXT» command can be accessed from the «Drawing» — «Text» — «Multiline menuy.

Keys:

Height (Bucoma «Bvicomay)

Justify (Bupisurweanus « Boipasuusanuey)

Rotation (Ilosopom «Ilogopomy)

Style (Cmuns « Cmunvy)

Width (LLupuna «llupunay) — the width of the paragraph

After defining the parameters, the Multiline «Text Editor window» is displayed, where you enter the
text (Figure 1.29).
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Fig. 1.29. The multi-line text editor window

Create multi-line text

1. Click «Draw»— «Text» — «Multiliney.

2. Set the width of the multiline text area with a border.

3. The text editor used at the editing location is displayed.

4. To indent the first line of a paragraph on the horizontal ruler, move the First Line marker to the

position where the text should begin. To indent other lines of the paragraph, move the «Paragraph marker»
on the horizontal ruler.
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5. To set the tab positions, click the mouse button in the desired places on the horizontal ruler.

6. To set a text style other than the default one, expand the «Style» list in the Editor panel and select
the desired style.

7. Enter the text.

8. Click OK in the «Text Formaty pane.

1.12. Editing graphic elements in a drawing

After you start, AutoCAD prompts you to select objects. You can complete the object set by pressing
the <ENTER> or <SPACE> key.

There are two ways to edit in AutoCAD: you can either invoke the command first and then select the
objects you want to edit, or you can select the objects first and then edit them. All editing commands are
invoked from the «Modify» (PenaryBatu «PemaktupoBath») drop-down menu or from the panel of the
same name.

Exploding objects

The «Explode» (Po3unenyBatu «Pacunenutb») command is used to split blocks into their
component primitives. This command is called from the Edit drop-down menu «Modify» (Pegarysatu
«PenaktupoBath») or the panel of the same name.

When exploding, single objects are transformed into a set of separate components. The command
does not produce a visible effect. For example, polylines, rectangles, rings, and polygons are split into
segments and arcs when exploded. The appearance of the splitted object remains the same, but the colors
and line types of the objects may change as a result of floating colors, layers, and line types.

Splitting dimensions and hatching.

When you disassemble dimensions and hatching, the associative relationship between elements is
lost, resulting in a set of simple objects such as segments, texts, and points.

Splitting polylines.

When you split a polyline, information about its width is lost. The resulting segments and arcs are
placed along its centerline.

Splitting blocks.

When you split a block, attributes are removed from the block, but the original attribute descriptions
are retained. The colors and line types of individual objects that are formed at the intersection of the blocks
may change.

Splitting external links.

External references are drawing files that have been inserted from other drawings and that retain a
link to their original description. External links and the blocks inherited from them cannot be dismembered.

Deleting and restoring objects

To delete (erase) the generated set of objects, use the «Erase» (Cteptu «Crepers») command. The
command is called from the «Modify» menu or the panel of the same name. You can select objects to be
erased in any of the available ways, that is, by left-clicking on the object or selecting it with a cross-hatched
frame.

To restore deleted objects, use the «Oops» command.

Object snapping

When you enter points, you can use the geometry of objects that are available in the drawing. This
input method is called object snapping. It allows you to precisely specify points such as the center of a
segment or arc, the center of a circle, and the intersection of an arc and a circle. The Object Snap panel
provides access to the object snapping functions. This panel contains the following buttons with brief
explanations:
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Temporary Tracking Point (Touka BigcTexxenns «Touka oTciaekuBaHus») — use tracking with
an intermediate point;
Snap From (3mimenns «Cmemenuey») — offset from another (auxiliary) point;
¢ Snap to Endpoint (Kinuesa Touka «KonTtouka») — the end point;
e Snap to Midpoint (Cepenuna «Cepenmnnay) — the midpoint;
Snap to Intersection (Ilepetun «IlepeceucHuer) — the intersection point;
Snap to Apparent Intersection (Y naBanuii nepetun «Kaxymeecs nepecedenue») — the point at
which the extension of two objects intersects;
Snap to Extension (ITpongosskenns ninii «[Ipogomkenue nuaun») — the point of extension;
e Center (Snap to Center) (Llentp «llentp») — the center of an arc or circle;
¢ Quadrant (Snap to Quadrant) (Ksagpant «KBaapant») — a point in the quadrant of an arc or
circle (these are points located at 0, 90, 180, and 270 degrees);
¢ Snap to Tangent (Jotnuna «KacatensHas») — the point of contact:
¢ Snap to Perpendicular (Hopmans «Hopmans») — perpendicular to the object;
e Snap to Parallel (ITapanensno «I[lapamiensHo») — parallel to the object;
e Snap to Insert (Touka BcTaBku «Touka BcTaBku») — the point at which you insert text, a block, or
an external link;
e Snap to Node (By3oi «¥Y3en») — the node point;
Snap to Nearest (Haitomwkua «bamkaiiinas») — the point closest to the object;
Snap to None (Hiuoro «Huuero») — without using object snapping;
Object Snap Settings (Pesxumu npus'sa3xu «PexuMbl pUBS3KN») — sets up permanent snapping
modes.
To open the Object Snap Settings window, select Drawing Modes from the Tools menu or type the
command at the command prompt: «Osnap» (Ilpus'suxu «IIpuBsixm») and select the required settings.

Example. Snap to the endpoints of the primitives.
To draw the first segment: from the «Drawing» menu,
select «Line» or from the «Drawing» panel, select the
appropriate button (left-click). \/
The command appears on the command line:
Line From point (Brxazamu nouamkogy mouKy
«Yrazamv nauanonyo mouxyy):
Click the Point icon in the Object Snap pane and type 1
To point: Click the Point icon in the Geometry pane
and type 2
To point. <ENTER, or right-click >
To create other segments: do the same, but point to 3 and 4.

Example. Draw a perpendicular from the point «P» to the three elements.

First, you need to make the point visible. To do this, call the «Display Points» window from the
«Format» menu and select the desired point marker. Then use the Point command to draw the point P,
anchoring it to the middle of the segment. Then you can complete the task.

LINE (Biopizox « Ompesok») — command call

From point: click the Node icon in the Object
Linkage panel and specify 1

To point: click the Normal icon in the Object Snap
pane and specify 2

To point: <ENTER>

Repeat the same for the other elements.

Example. Draw two tangent lines to the circle
from the point «P».
LINE (Biopizox « Ompesok») — command call P P
From point: click on the Node icon in the Object
Snap panel and specify 1
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To point: click on the Tangent icon in the Object Snap panel and specify 2
To point: <ENTER>
Repeat the same for the second tangent.

%Y
P

Moving a set of objects

You can change the position of objects by rotating and aligning them, as well as by moving them
without changing their orientation and size. For precise movement, you can use step snapping, coordinate
input, handles, and object snapping modes.

To move objects, select the «Move» button from the «Modify» panel or choose «Move» from the
«Modify» menu.

In the command line :

«Move» (Ilepenectu «Ilepenectn») — calling the command

Select objects: select an object (with the selection box or by left-clicking on the object and selecting
the object)

Select objects: continue selecting an object if not everything is selected

Select objects: at the end of the selection, right-click (end of selection)

<Base point or displacement>/Mult. specify the starting point

Second point of displacement. point to the new point where the object is moved

Example. Move the circle (the base point of the move is the center of the circle) to the point «P».

O g

&
|

Call the transfer command.

In the command line :

«Movey (Ilepenecmu «llepenecmuy)

Select objects: select the object (with a box or by clicking on the circle with the left mouse button)

Select objects: right-click (end of selection)

<Base point or displacement>/Mult. select the base point for the transfer, that is, click on the icon
in the Object Snap - Center panel and specify 1 (circle)

Second point of displacement: specify the new position of the base point, that is, select the icon in
the Object Snap - Node panel and specify 2.

Commands for propagating objects
To create copies of an object in the current drawing, use one of the following methods:

—if you want the copy to be located at an arbitrary distance from the original object, use the «Copy»
(KomiroBaTu «Komuposatb») command,
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—if the copy should be located at a normal to the segments of the original object, use the «Offset»
(ITopo6a «ITomobue») command;

—If you want the copy to be a mirror image of the original, use the «Mirror» ([I3epkano «3epkano»)
command;

—if the copies are to be arranged in ordered rows or in a circle, use the «Array» (Macus «Maccup»)
command.

«Copy» (KomiroBatu «Komnupoats») — a command that allows you to create duplicate objects within
the current drawing relative to the specified base point and offset point.

«Offset» (ITomoba «Ilogobue») — is a command designed to copy objects by shifting them by a
specified distance along the normal to each segment of the object. You can use this command to shift arcs,
elliptical arcs, two-dimensional polylines, rays, infinite lines, as well as rings and ellipses. Shifting curved
objects creates curves with larger or smaller diameters, depending on the direction of the shift.

«Mirror» ([d3epkano «3epkano») — is a command that allows you to copy objects with a mirror
image relative to an axis defined by two drawing points. When creating objects in mirror image, the original
object data can be either saved or deleted

«Array» (Macus «Macus») — is a command that allows you to create groups of identical objects
arranged in a certain order - in rows and/or columns, or in a circle. Such sequences of objects are called
rectangular or circular arrays in AutoCAD, respectively. When you create a rectangular array, the number
of copies you get in it is determined by the number of rows and columns, as well as the distances between
them. When you create a circular array, copies of an object are arranged in a circle centered at a certain
point.

Copying objects

You can repeatedly copy objects one by one or in groups within the current drawing; you can also
copy between different drawings and applications.

To copy objects within the same drawing, select the desired objects and then specify the start and
end points of the copy vector. These points are called the start and end points, respectively, and can be
located anywhere in the drawing.

To copy a set of objects:

1.From the «Modify» menu, choose «Copy», or from the «Modify» panel, choose the appropriate
button.

2. Select the objects you want to copy and press <ENTER>.

3. Specify a base point using object snapping.

4. Specify the second point of movement.

5. Specify the next move point. Continue copying; press <ENTER> to finish.

Example. Get two copies of the part drawing.

«Copy» (KomiroBatu «Konupoats») — calling the command.

Select objects: 6ubip 06'ekma  click the left mouse button (specify p.1)

Select objects:  right-click (end of selection)

Base point: click with the left mouse button (specify p.2 — select the base point)

Second point of displacement.  left-click (specify p.3)

Second point of displacement:.  left-click (specify p.4)

Second point of displacement. ~ <ENTER>.

\
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Copying using the Windows clipboard.

If you want to use objects from another AutoCAD drawing or from a file created in another
application, you must copy those objects to the Windows clipboard and then paste them into the current
drawing. Copy-and-paste operations using the clipboard are different from normal copying, where objects
are copied from one point to another within the same drawing.

Note. When you paste an object into another drawing, it acquires the properties of the layer into
which it is inserted (color, line type, etc.).

Drawings of similar objects

Command «Offset» (ITogo6a «Ilogo6uex») creates an object similar to an existing object with a given
offset/

«Offset» — calling the command.

Questions:

Offset value or Point (Beruuuna smiwenns abo mouka <Uepesz mouxy> «Beauuuna cmewjenuss umu
Touxa <Yepesz mouxy>y») — offset or key <Through point>

Select the object to offset (Bubepimo 06'cxm 011 3miwgenns « Boibepume ob6vexkm 05 cmewjenus») —
select the object to be shifted. Do not use a cross-sectional frame.

Specify the point that defines the offset direction — show the cursor in which direction to offset if an
offset was specified.—

If you select the <Through point> key, you need to specify the point through which the displaced
object will pass. The specified distance must be greater than 0.

Example. Draw a similar circle at a distance of 20 mm.

To do this: from the «Modify» panel, select the «Offset» button or from the «Modify» menu, select
«Offset».

On the command line

Offset distance...(Biocmanv 6i0 00'exkma «Paccmosnue om
obvexmay): 20 Vi

Select objects to offset:

Side to offset:  point the cursor to the direction where a
similar object will be created o
Select objects to offset. repeat the operations for other objects

in the other direction
To leave the command: <ENTER>,

v’ Similar object
iy

Similar object

Mirroring a set of objects

Command «Mirror» (/I3epkano «3epkano») provides the formation of mirror images of existing
objects in the drawing. Objects are mirrored relative to the reflection axis defined by two points. After the
operation, the original objects can be erased or left. Mirroring can be performed in any plane that is
coincident with the XY plane of the current UCS. Although it is allowed to mirror the viewport in sheet
space, this does not affect the view or objects in model space.

«Mirror» — calling the command.

Ouestions:

Select the object (Bubip 06'exmis « Bvibop 06vexkmosy)

The first point of the mapping axis (Ilepwa mouxa oci idodpasxcenns «llepsas mouka ocu
omobpaiceHusn»)

Second point ([[pyea mouka «Bmopas mouxay)

Delete old objects? (Buoarsmu cmapi 06'ekmu? «Yoansimes cmapuvle 06vekmul? »)

When mirroring, texts, attributes, and their definitions are also mirrored. To make the text resulting
from mirroring look familiar, you need to assign the system variable MIRRTEXT a value of 0. To do this,
enter the MIRRTEXT variable in the command line and enter 0 when prompted for a new value. By default,
this variable is enabled.
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Example. Create a symmetrical drawing using mirroring.
On the command line : 1 end point
«Mirrory ([[3epxano «3epranoy) 2
Select objects:
Select objects: <ENTER> (all selected)
First point of mirror line: point to 1 (tip/end) of the display .
line (KOHTOYKY JIiHIT BiTOOpaskeHHs) I b
Second point. point to 2(tip/end) of the display line 2 end point
(KOHTOUKY JiHIT BiMOOpasKCHHS )
Delete old objects?: N(H) (Do you want to delete the old image? If not, right-click. If yes, type
Y(/Ia) and ENTER).

Repeating a set of objects (array)

Command «Array» (Macus «Maccu») provides multiple copies of selected objects arranged in a
rectangular or circular structure or along a trajectory. Objects arranged in this way are called a rectangular
or circular array (Figure 1.30).

For a rectangular array, you can specify the number of rows, columns, and levels of the array, the
distance between rows and columns, and the angle of rotation of the array of objects relative to the
trajectory.

For a circular array, you define the number of objects, the center around which they will be located,
the fill angle, and the method of filling the array - with or without rotation of objects.

For an array, an arbitrary trajectory (2D or 3D trajectory) is selected, the number of objects, the
distance between them, and the orientation of the objects are determined.

"CELLE. AN

fOMM@HDM :
foo@O@mm
Rectangular Circular

Trajectory

On the trajectory

Fig. 1.30 .Arrays

Important! Remember that all elements of an array are perceived as a single object - an array. To
be able to work with each element of the array separately, you should split the array into separate elements
using the Explode command.

«Array» — calling the command.

Keys:

Rectangular - defines a rectangular array by rows and columns;
Circular - defining a circular array

Questions for a rectangular array:

Number of rows

Number of columns
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Distance between rows
Distance between columns
Questions for a circular array:
Base/Center of array
Number of elements

Fill angle

Rotation angle - objects are rotated relative to their anchor point according to the rotation of the

array itself.

Example. Create a rectangular array with 3 columns and 4 rows.

To do this: from the «Modify» panel, select the «Array» button or from the

«Modify» menu, select «Array»
On the command line
«Array» (Macus «Macuey)
The «Array» window opens (Figure 1.31)
Select «Rectangular array»
Rows: 4
Columns: 3
Between rows: 12 (distance between rows)
Between columns:: 9 (distance between columns)
Click Select objects: select an array element (rectangle)
The Array window returns

Click OK
Maccue
E? [parioyroneHEId MaccHE {”:} K.pyrogoli MaccHe
Panoe: _.4 '_ || Cronfiuce: 3

FPaccToaHa | HanpagneH4e

Meay prnav 2]
Mesray cTonbuan: ,Ei l @
i ]

Yron noeopoTa:

] [0 Yr0AYEHMD NP OTPHLATEAEHOM
g PACCTOAHMM MEKAY PAGARM OHI
A0AaENANTEA BHWE. [Tpu9
Coger OTPHLATENBHOM PACCTOAHM MEOY
CTOABLAMK OHW L0SAENAINTCA BAEED.

Brigop ofkekToE

BriSpaHo ofbekTos: 0

OrreHa
Cnpaexa

Fig. 1.31. The window for calling the «Array» command (Rectangular array)
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Example. Create a circular array centered at 35,210 in the amount of 6 with the angle of filling the
array 270°.To do this: from the «Modify» panel, select the «Array» button or from the «Modify» menu,

select «Array»
In the command line
«Array» (Macus «Maccusy)
The Array window opens (Figure 1.32)
Select «Circular array»

Center: 35,210 (center of the array)
Number of elements: 6 (number)
Fill angle: 270 (the angle of filling the array)
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Click Select Objects: select the array element (small circle)

The Array window returns

Click OK
(1 MpAMOYroAEHEI MACCHE (%) K.puroBof Maccuqe Brifiop ofeerTos

; 1, re BrifpaHo ofeerTos: 0
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Fig. 1.32. The window for calling the Array (Circular Array) command

Rotating a set of objects

The «Rotate» (IToepuyTtu «IloBepHyTh») command changes the orientation of existing objects by
rotating them around a specified point, called the origin. By default, a positive angle value rotates the object
in a counterclockwise direction, and a negative angle value rotates the object in a clockwise direction.

The base point can be anywhere in the drawing. The rotation angle determines how many degrees
the object will be rotated around the origin.

The «Rotate» command rotates a set of objects.

«Rotate» — command call

Questions:

Base point — the center of rotation;

Rotation angle — sets the angle that determines the current position of the object

Example. Rotate a set of objects by 45°. Biiter of robifion

On the command line: kv —
«Rotatey (Ilosepruymu «Iloseprymsy) ' ~
Select objects: (object selection) O
Select objects: <ENTER> (all selected)

Base point: Point to the center of the turn

<Rotation angle>/Reference: 45 (set the angle)
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Scaling a set of objects

Command «Scale» (Macmrtab «Macmrad») allows you to resize the selected primitives
simultaneously along the X, Y, Z axes according to the scaling factor. The scale factor multiplies the
dimensions of the selected objects by the specified scale. A value of the scale factor greater than 1 enlarges
the objects, and a value less than 1 reduces them.

You can create a base point anywhere in the drawing. If the selected base point is on the selected
object, it becomes the anchor point for scaling.

«Scale» — calling the command.

Questions:

Selecting objects

Base point - sets the center of scaling

Scale - specifies the scaling factor.

If the scale factor is greater than one, the object is enlarged, if it is less than one, it is reduced.

Example. Make a drawing at a scale of 2:1.

On the command line:

«Scaley (Macuma6 «Macuma6y)

Select objects:

Select objects: <ENTER> (all selected)

Base point: : Point to the center of the zoom

<Scale factor>/Reference: 2 (increase by 2 times).

Center

Dividing an object into parts

Command «Divide» (IToginutu «Ilogenuts») allows you to divide a primitive into a specified
number of equal parts by placing marks along the object at the points of division. The selection of objects
for division is carried out by direct indication.

«Divide» — You can call the command from the command line and also from the Draw — Point —
Divide drop-down menu.

When you divide an object using a marker, a query is issued:

Number of segments/Block:

The marker image is defined in the «Format» — «Point Display» menu.

To divide an object into parts using a block, use the Block key.

In this case, requests are issued:

Name of the block to be inserted:

Example. Divide the arc into 6 equal parts.

From the «Format» menu, choose «Point Display», and
then set the type and size of the marker. Then: 1

On the command line:

Divide

Select objects to divide: BubGip o0'ekra 1

<Number of segments>/Block: 6 (KiIIbKICTb CETMEHTIB)

<ENTER>.
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Breakdown of an object into its component parts

To break an object into parts, you can use the «Break» (PozipBatu «Pa3opBarb») command. You
can break a segment, circle, arc, polyline, ellipse, spline, line, or ray without erasing it or with erasing it.

«Break» — calling the command.

Questions:

Select object

Second point (abo II ons nepuioi mouxu «unu Il 0ns nepsoii mouxkuy):

If you use a direct pointing to select an object, it is assumed that the point used to select the object is
the point of the break origin. If this is not the case, you must enter the «First» (Ilepma «IlepBas») key in
response to the prompt.

Example. Break the circle at points 1 and 2.

To do this: from the «Modify» panel, select the «Break» 2
button or from the «Modify» menu, select «Break»
In the command line: 1

Break

Select objects: select a circle

Specify second break point or (First point): F(P) to select the first point (point 1)
Specify second break point: Specify the second break point (point 2).

Trimming and extending lines

The «Trim» (O6pizatu «O6pe3ats») and «Extend» (Ilogomxutn «YmmuHUTE») commands are
very similar. They allow you to trim an object (objects) with other objects intersecting it or extend it to the
desired object (Figure 1.33).

First, you need to specify the cutting edges (the object along which you want to cut or extend the
object being edited), and then specify the object to be cut (extended) on the sides where you want to cut it.

Cutting edges )
\ The object to be cropped

.._4' -r.'J
'Il' I
v \\ ||
Fi \
4 kS

The object to be lengthened Result

Fig. 1.33. Trimming and extending objects

Trimming off a part of an object along a specified border

The «Trim» (O6pizatu «O0pe3ats») command partially erases a segment, arc, or polyline exactly
along the cutting edge.

«Trim» — calling the command.

Questions:

Select the cutting edges: - The trimming edges can be segments, arcs, circles, polylines, ellipses,
splines, lines, rays.

Select the object to be cut: - You must specify the part of the object to be deleted.

If the selected object is not intersected by any cutting edge, a message is displayed:
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«Object does not intersect an edge»

3 2
Example. Cut off the parts of the circle that are outside the >\ /
rectangle.
_I_

To do this: from the «Modify» panel, select the «Trim»

In the command line: ( | )

button or from the «Modify» menu, select «Trimy

«Trimy — \
Select objects:  cutting edge, 1 and 2 1
Select objects: <ENTER> (edge selected) Cutting edge

Select objects to trim...: point to the areas of primitives to
be deleted, 3
Select objects to trim....<ENTER>.

«Extending» objects to the border

Command «Extend» (ITogosxuTu «Y 1muHUTH») extends existing objects to the boundary edge. You
can extend the following primitives: line (segment), arc, elliptic arc, and polyline.

«Extend» — call command.

Questions:

Select bounding edges. - edges can be segments, arcs, or polylines.

Select the object to be extended: objects are selected by pointing to the part that is to be extended.
Only direct pointing to the object is allowed.

If you specify multiple bounding boxes, the object is extended until it reaches the first bounding box.
You can select the same object again to extend it to the next bounding edge.

Example: Extend objects (segments) to the specified border (arc).

To do this, select the «Extend» button from the
«Modify» panel or choose «Extend» from the
«Modify» menu.

On the command line :

Extend Object

Select objects: select the border Border

Select objects: <ENTER> (all selected)

Select objects to extend...: sequentially specify
the objects to be extended

Select objects to extend...:<ENTER>,

Drawings of connections

Command «Fillet» (Crionyuenns «ConpspkeHue») is used to connect objects with an arc of a given
radius. The command smoothly joins segments, arcs, circles, or linear segments of a polyline.

When specifying objects for pairing, you cannot use a box.

You can connect two circles, two arcs, a line and a circle, a line and an arc, or a circle and an arc,
lines, rays, and ellipses.

The radius of connection is the radius of the arc. By default, the connection radius is either O or the
last value entered. Changing the radius only affects the subsequent fills, leaving the existing ones
unchanged. The current connection radius is stored in the system variable FILLETRAD.

To set the radius of the connection:

1: From the «Modify» menu, select «Fillet», or from the «Modify» panel, select the appropriate
button.

2. At the question Enter connection radius: Enter the Radius key.

3.Set the connection radius.

4. Press ENTER to call the «Fillet» command again.

5. Select the objects to be connected.

This is how you configure the settings. The last entered pairing radius is memorized.
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To connect two segments :

1: From the «Modify» menu, select «Fillety or from the «Modify» panel, select the appropriate
button.

2. Select the first segment.

3. Select the second segment.

The Polyline key means that the connection operation is performed with the entire polyline. A
command appears to select a polyline:

Select a 2-dimensional polyline:

If the connection radius value is other than 0, the system inserts connection arcs at each vertex.

You cannot create a connection for segments that are too short to be connected, or for segments
that diverge in different directions.

You can create a connection for equilateral segments, lines, and rays. In this case, the diameter of
the arc of the connection is automatically determined equal to the distance between the lines.

Example. Make a connection of segments 1 and 2 with a radius of 10 mm.

To do this: from the «Change» panel, select the «Fillet» button or from the «Change» menu, select
«Fillet» {

On the command line /

«Fillety o /

Select first objects or [Polyline/raDius/Trim/...]:D(J1) (setting I
the radius of connection)

Enter fillet radius: 10 (enter the specified radius)

Select first objects or [Polyline/raDius/Trim/...]: select the [\
object 1 D\ 2

Select second objects : select the object 2. 1

Drawing of chamfers

Command «Chamfer» (®Packa «®Packa») performs the operation of trimming two non-parallel
rectilinear objects at specified distances from their intersection point (chamfering), while building a new
segment connecting the trimming points. The command is executed on both intersecting and non-
intersecting segments (the segments are first extended until they intersect). Chamfering can be performed
on segments, polylines, lines, and rays.

To determine the chamfer dimensions:

Questions:

First chamfer length:

Second chamfer length:

Keys:

Polyline (Ilonininia «Iloaununusy) — allows you to chamfer a polyline;

Distance (HQucmanyisn «/ucmanyusi») — adjusts the chamfer length;

Angle (Kym «Y2o1») — allows you to set the length for the first line and the angle relative to the first
line for cutting the second line.

Trim (Biopizamu «Obpezamvy) — allows you to determine whether or not to trim lines before
chamfering.

Method (Memoo «Memooy) — allows you to choose one of the methods for setting chamfer
dimensions - by distance or by distance and angle.

If the point of intersection of objects is outside the drawing limits and limit control is enabled,
chamfering is not performed.

Example. Remove a 5x5 mm chamfer.

To do this, select the «Chamfer» button from the «Modify» panel or choose «Chamfer» from the
«Modify» menu.

In the command line

«Chamfer»
Select...(...Polyline/Distance...):D(J])  (select the chamfer length)
Enter first chamfer distance: 5 (first chamfer length)
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Enter second chamfer distance: 5

(second chamfer length)
Select...(...Polyline/Distance...):

(specify 1)

Select second line: (specify 2)
Right-click and repeat the «Chamfer» command as many times as necessary:
Select first line: (specify 3)
Select second line: (specify 4 etc).
4 5
= =
'm ik
AN
Edit the text

There are several options for editing text and its properties:

—Command «Ddedit» or from the Modify — Object — Text — Edit drop-down menu allows you
to edit the content of single-line text in the «Edit Text» dialog box. You can also double-click on the text
you want to edit to access the «Edit Text» dialog box;

—Command «Ddmodify» or the «Properties tool» on the «Object Properties» toolbar lets you edit
text properties in the «Text» dialog box.

Editing with the handles

You can quickly edit selected objects using handles, small squares that appear at the defining points
of the selected objects.
To turn on the grips, use the «Ddgrips», command, or this command is called from the Tools —

Setup menu. The Setup dialog box is displayed, in which you need to select the Select button (Figure 1.34).
The parameters of the handles are set on this tab.
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Fig. 1.34. The «Setup» dialog box
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Handle size — an area that allows you to change the size of the handles by moving the pointer to the
left or right.

Handles — an area that allows you to assign a color to the selected and unselected handles.

To delete the handles, press the <Esc> key.

When you work with handles, you select objects before editing them, and manipulate them using the
mouse pointer or keywords. Some handles (shown in Figure 1.35) allow you to directly affect an object.

The most convenient way to select the editing mode using handles is to use the handle context menu
(Figure 1.36). The copy mode can be selected from the context menu — «Copy» (KomitoBatu
«KomupoBate»). The multiple copy mode remains active until another current handle mode is selected or
the <Enter> key is pressed to complete the operation.

To edit the entire primitive (or set of primitives) using the handles, you need to select this primitive
(or set of primitives), right-click, and use the menu that appears to execute the following commands:
«Erase» (Creptu «Ctepets»), «Move» (Ilepemictutu «Ilepemectuts»), «Copy Selected» (KomiroBatn
BuOpani «KommpoBats BbIOpaHHBIE»), «Scale» (Macmrad «Macmrad»), «Rotate» (IloBepnyTn
«IToBepHYTBH»).

Stretches

Manages sides
(segments)

| X

Controls the movement

sl

il

Manages vertices

Line Polyline Spline Block

Fig. 1.35. Examples of primitives with handles

,;;;,f:' CTepeETE
+ MepeMecTHTE

D% K.onHpoEaTE ERIOpaHHEIE

i | MacwwTab
f:} MoEepHYTE

Fig. 1.36. Context menu of the handle
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Blocks also have handles. You can choose to connect a single handle for the block as a whole at the
block insertion point, or handles for each individual object in the block. These options for block handles
are also set on the «Selection» (Bubip «Bri6op») tab of the «Customize» (Hanamrysanns «Hactpoiika»)
dialog box with the «Handles within block» (Pyuku Bcepenuni 610Ky «Pyuku BHyTpH O6510Ka») check box.

1.13. Hatching

You can create different types of hatching in AutoCAD. Filling is filling a specified area with a
specified pattern.

Hatching a closed area or contour is done using the commands «Hatchy» («Illtpux») and «Buatch»
(«Kmrrpux»).

The «Bhatch» command allows you to hatch a closed area either by simply pointing inside the path
or by selecting objects. This command allows you to apply associative and non-associative hatching.
Associativity here means that when you change the boundaries, the hatching changes as well. Non-
associative hatching does not depend on the border outline.

The «Hatch» command defines the path automatically based on the point that belongs to the arca
you want to hatch. All objects that are partially or fully within the hatching area and are not its outline are
ignored and do not affect the hatching process. A path can contain protruding edges and islands that you
can either stroke or skip. Isles are enclosed areas that are located inside the hatching area. You can also
define paths by selecting objects.

You can call the «Hatch» command from the «Drawing» drop-down menu or by clicking the icon
on the panel of the same name. The «Hatch and Gradient» (ILItpuxyBanus ta rpagieHt «llITpuxoBka u
rpagueHT») dialog box appears on the screen (Figure 1.37). Use the «Structure» (Crpykrypa
«CtpykTypa») button to select a hatching type.

LiTpHxoRKa M rpagHeHT @
| WrpHwoBta | Mpaguent| KoHTypkt DeTposki
THA W MAcCHE JOBAEMTE: TO4KM OnpegeneHde OCTROBKOE
. = BriGopa 3
Tur: CraHoapTHel % | Tun aToSpaKeHHa OCTROBKOE,
E JofaeHTe: BRIGpaTE -

S
Dl

o
TS

W

G E 7 A
Ofpazey: ANGLE o D OfLERTEI ;’?// Z f/ ///.
CTpyrkTypa: 2 o Z z 2 Z
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Fig. 1.37. The «Hatch and Gradient» («LlItpuxoBka u rpagueHT») dialog box

47



You can create a custom stroke type. To do this, in the «Type» «Tum» area, select «Custom»
(KopucryBansauupkuii «Ilonb3oBatensckuii») from the drop-down list. After that, set the hatching angle,
the distance between the hatching lines, and, if necessary, turn on the «Cross-hatch» (Xpect-naBxpect
«Kpect-nakpect») switch to draw additional lines at a 90° angle to the main hatching lines.

You can create associative hatching or not create a block containing all the hatching lines. To do this,
turn on the «Associative» (AcomiatuBHa «AcommatuBHas») or «Create Separate Hatching»
(CtBoproBatu okpemi mTpuxyBaHHs «Co31aBaTh OTAENbHBIE MITPUXOBKM») switches in the «Setup»
(HanamryBanusa «HacTpoiikay) area.

To automatically create a hatching path, click the «Add: Selection Points» ([logatu: Touku Bubopy
«/lobaButh: TOukH BBEIOOpa») button. AutoCAD prompts you for the interior points. To create multiple
paths, you must select multiple interior points.

If AutoCAD determines that the path is not closed or that the point is not inside the path, an error
message appears on the screen.

e To select objects as a hatch path, click the «Add: Select Objects» (Jonatu: BuOpatu 00'ekTH
«/lo6aBuTh: BEIOpaTh 00BEKTHI») button.

e To select a path based on parameters other than the specified ones, click the «Advanced Options»
(donatkosi omiii «JlonoaaurenpHbie onmun») button. The Advanced Options dialog box appears on the
screen. The «Path Set» (Hao6ip xontypie «Habop kouTypoB») area allows you to define a set of paths.

In the «Islets» (OctpiBui «OcTpoBKU») area, you can set the following stroke styles:

o = «normal style» (HOpMaJIbHMIA CTHIIb «HOPMAJIBHBIN CTUJIB») — is When areas separated from the
outer contour neighborhood by an odd number of intersections are shaded, and arecas separated from the
outer contour neighborhood by an even number of intersections are not shaded;

o = «outer style» (30BHIIIHII CTHIIb «BHEIIHUH CTHIBY) — is when the area is shaded from the outer
contour to the first internal intersection;

o= «ignoring style» (irHopyroumii cTHIb «UTHOPHPYIOIIMK CTHIB») — is when the entire area is
shaded without taking into account its internal structure.

The «Hatch» command allows you to apply only non-associative hatching, which can be used, for
example, to hatch areas of a drawing that do not have closed boundaries.

Example.

O

normal style outer style ignoring style

1.14. Applying dimensions

Dimensions express the geometric dimensions of objects, the distances and angles between them,
and the coordinates of individual points. In AutoCAD, dimensions are of three basic types: linear, radial,
and angular.

Linear dimensions are divided into horizontal, vertical, equidistant, inclined, ordinate, base, and
dimensional chains.

Dimension images contain the following components:

—«dimensional liney(posmipny niniro) — a line with arrows at the ends, drawn parallel to the
corresponding dimension. For angular dimensions, the dimensional line is an arc;
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—«arrowsy (cmpinku) — arrows, serifs or any marker defined as a block to indicate the ends of the
dimensional line;

—«an offset line» (sunochy ninito) — only for linear and angular dimensions;

—«dimension texty (po3mipruii mexcm) — a text string containing a dimension. You can accept the
size automatically calculated by AutoCAD or replace it with your own text.

—«tolerancesy» (donycku) — text that indicates the amount of allowable deviation from the nominal
value;

—«boundariesy (mexci)— if necessary, tolerances can be added to dimensions. In this case, the
dimensional text will be the upper and lower values, i.e., the maximum allowable dimensions, not the
nominal dimension with tolerances;

—«alternative unitsy (aromepnamuseHi oOuHUyi) — PO3MiIp MOXKHA 3aJ]aBaTH OJHOYACHO B JBOX
CHUCTEMaX BUMIPY;

—«rendered size» (sunecenutl pozmip) — used if the dimensional text cannot be placed next to the
object;

—«center marker and center linesy (mapxep yenmpa i ocvosi ninii) — a marker is a small cross that
marks the center of a circle or arc. Axial lines are lines with a break that intersect in the center of a circle
or arc and divide it into quadrants.

—dimension representation (306pascenns posmipy) — all lines, arrows, arcs, and text elements that
make up a dimension are treated as a single dimensional primitive when associative dimensioning is set.
Associative dimensions change in accordance with the changes in the elements that are being dimensioned.

To set the dimension parameters, use the dimension style.

«Dimensional styley (Posmipnuii cmuns «Pasmepnwiii cmunwv») — is a named set of values for all
dimensional variables that defines the type of dimension in the drawing. All dimensions are created using
the current dimension style. The default style is STANDARD.

You can work with dimensional styles using the «DDIM» command in the «Dimension Styles»
(Jucneruep po3mipHux ctwiiB «/lucmetuep pasmepHeix cruiei») dialog box, «Style..» (Ctuisb...
«Ctwis. ..») item of the «Dimension» (Po3mipu «Pa3meps») drop-down menu.

Let's customize the dimensional style. To do this:

a) from the «Format» menu, call «Dimensional styles»

b) to create a new dimensional style in the «Dimensional Style Manager» (/Jucnemuep po3mipHux
cmunie «/Jucnemuep pasmepuvix cmunaetin) window, click the «New» (Hoswuit «HoBerii») button and name
the style, for example, «Training» («Hapuanepuuii»), then click «Next» (dami «danee») (Figure 1.38).
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Fig. 1.38. The window for creating a new dimensional style

49



¢) in the window that opens, «New dimensional style: Educational» (HoBuii po3aMipHuii CTHIIB:
HaBuanbuuii «HoBbliii pazmepHbliii cTiiib: HaBuansHuii» ), do the following:

- on the «Lines» (Jlinii «JIuaum») tab — change the «Indentation from the object» (Bixctym Bin
o0'exta «OTCcTyn OT 00BEKTAY), set it to 0 (Figure 1.39)

EX Hogpik pa3me pHbiH cTHAb: HaBuansHM#i

‘ TMHHHH iEuMBonbl ucTpenkk | Teret | Pasmewstue | 0cHOBHEIS BAMHMUE] | ANBT. BIHHMUEI Donycku|

PaSMEprIE NAHKM

K
Uger: | M Notaoky “ !
|
TN AAHUE | — [Mofinoky > 5]
[ 1 L)
Bee muHui | MNaofinaky | o

|
Y0 MHEHWE 38 BEIHOCHEIE:

—
War & SazoBER pasmMepas: im |: x,::".\
; &

MogasuTe: [J1wPn dz4aPn
BRIHOCHBIE MAHLM
| AL 1 T
Uger: | M Modnoky ¥ Ynaumene sa pasmeprsie; i1E [
TN BbHOCHOE | —— Mofinoky i | _ -
M T: OTeTYn o ofBeKT: |o i
Tun BBHOCHOE | Motnoky v e
AHHAM 2 |
1 [ BeiHacHEIE AHAM PHKEUDOEAHHDR 0MHE!
Bec numuin ! Modnoky | .
[ |
Mogasums: [ ]140B0 [J2wen

[ ak. l [ Otrena ] [ Crnpaeta ]

Fig. 1.39. View of the dimensional style on the «Lines» (Jlinii «JIuanumn») tab

- on the «Symbols and arrows» (CumBosu Ta cTpiiku « CHMBOJIBI ¥ CTPENIKHY) tab — set the « Arrow
size» (Po3mip ctpinku «Pa3mep crpenkmy») to 5 (Figure 1.40)
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Fig. 1.40. View of the dimensional style on the
«Symbols and arrows» (CrumBoiu Ta cTpinku « CHMBOJIBI B CTPENKW») tab
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- on the «Text» (Tekct «Tekct») tab — set the label to «Along the dimensional line» (Y3momx
po3mipHoi iHiT «Brosbs pasmepHoii muHuN») and in the «Vertical text alignmenty» (BupiBHIOBaHHS TEKCTY
1o BepTUKalli «BelpaBHHBaHME TeKcTa MO BepTUKanm») area select «Above the line» (Hax miniero «Hapg
nmunauei») (Figure 1.41)

- on the «Placement» («Pa3memienue») tab — set the label to «Dimensional line between the
outriggers» (Po3mipHa JiHisS Mi>)k BAHOCHUMH «Pa3MepHas THHHAS MEX Ty BRIHOCHBIMIY) (Figure 1.42)

- on the «Basic units» (OcHoBHi omuuuUIl «OCHOBHBIE CIUHHMIIEIY) tab — set the «Accuracy»
(Tounicts «Tounocth») to 0 (Figure 1.43)
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Fig. 1.41. View of the dimensional style on the «Text» (Tekcr «Tekct») tab
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Fig. 1.42. View of the dimensional style on the «Placement» (Po3mimenns «Pa3memenue») tab
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Fig. 1.43. View of the dimensional style on the «Basic units» (OcHoBHi oanHNII «OCHOBHBIE €IMHULIBD») tab

To set the dimensions, use the «Dimensions» (Po3mipu «Pa3zmeps») menu or the corresponding

toolbar.

Example. Set the linear dimensions of the rectangle.

1) From the «Dimensions» menu, call «Linear»
(«JIuneiinsiit») or click on the icon of the same name.

2) Using the «Point» (KinmeBa Touka «KonTouka») object
snap, select point 1, then point 2, stretch the size to the specified
distance, and left-click.

Example. Set a slanted rectangle size.

1) From the «Dimensionsy menu, call «Parallel»
(IMapamensauit «IlapammensHbiiiy) or click the icon of the same
name.

2) Using the «Point» (Kinnesa Touka «KoHTOUKa») object
snap, select point 1, then point 2, drag the dimension to the
specified distance, and left-click.

Example. Setting the base size.

1) From the «Dimensions» menu, select «Linear»
(Jliniitanit «JIuneinsii») or click the icon.

2) Using the «Point» object snap, select point 1, then point
2, drag the dimension to the specified distance, and left-click.

3) From the Dimensions menu, select Basic or click the icon
of the same name. Use the point snap to specify point 3, then point
4.

Example. Setting up a consistent dimensional chain.

1) From the «Dimensions» menu, select «Linear» or click the icon of the same name.
2) Using the «Circle Center» (Llentp koia «LIeHTp oKpyKHOCTH») object snap, specify point 1, then

point 2, drag the dimension to the specified distance, and left-click.
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3) From the «Dimensions» menu, click «Continue» (ITpogos:;xutu «IIpomomkutey») or click the icon
of the same name.
Using the «Circle Center» object snap, select point 3, then point 4.

32 32 32

. . 45°
Example. Setting the corner size. 2

1) From the «Dimensions» menu, select «Angular» (KyroBuit
«¥YrnoBoit») or click the icon of the same name.
2) Specify 1, then 2, drag the size to the specified distance, and / left-
1

click.

Example. Setting the size to the diameter.

1) From the «Dimensions» menu, call «Diameter» ([iamerp
«duametp») or click on the icon of the same name.
2) Specify a circle, stretch the size to the specified distance, and % left-
click.

230

Example. Setting the size to a radius.

1) From the «Dimensions» menu, select «Radius» (Panmiyc &
«Pamuyc») or click the icon of the same name. R107>

2) Specify the arc, drag the size to the specified distance, and
left-click.

Example. Drawing axial lines.

On the command line:

Dimcen (setting the size of the axes)

Current value...:20 (set the size of the axes) + k/
<ENTER>

Dimcenter
Select arc or circle: specify a circle or arc.

1.15. Distribution of a drawing by layers

Using layers allows you to create a drawing in layers that combine interrelated elements of its
description. Drawing layers can be compared to sheets of transparent tracing paper. Let's imagine that we
have transparent sheets of paper. The first sheet contains a graphic representation of the part, the second
contains its dimensions, and the third contains the hatching. If you overlap all three sheets, the drawing of
the part will be displayed with dimensions and hatching. If you remove the third sheet, you'll see the part
with dimensions. If you remove only the second sheet, the image will be displayed with hatching and no
dimensions.

Objects are created in the current layer.
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The layer has the following properties:

«Namey (In's «Hmsrn) — This field specifies the name of the layer. It can contain up to 31 symbols,
including letters, numbers, and special characters: The layer name cannot contain spaces;

«Ony» (Veimkuymu «Bxnn) — This column indicates the status of the layer. A layer can be visible
«ON» (Veimxnymu «Bxay) or invisible «OFF» (Bumknymu « Omkay). Only the primitives belonging to the
visible layer are displayed on the screen and drawn on the paper, but primitives in invisible layers are part
of the drawing and participate in regeneration;

«Freezen (3amopooicenuii «3amopooicenrn) — freezing means disabling layer visibility and excluding
primitives belonging to the frozen layer from the generation of primitives during regeneration. This
increases the speed of execution of commands such as «ZOOM». By default, each layer is unfrozen, as
indicated by the sun icon. Clicking on this icon with the mouse you will freeze the layer (then a snowflake
will be shown instead of a sun). Similarly, clicking on a snowflake will unfreeze the layer, and a sun will
appear again instead of a snowflake;

«Locky» (bnox «bnox») — primitives on a locked layer remain visible, but you can't edit them. You
can make a locked layer the current layer, draw on it, change the color and type of line, freeze it, and apply
help commands and object snapping to the primitives drawn on it. Unlocked layers are marked with an
open padlock icon, and locked layers are marked with a closed padlock;

«Colory (Konip «L{semn) — defines the color of the primitives of a given layer;

«Linetype» (Tun ninii « Tun aunuur) —the name of the line type that will be used to draw all segments,
circles, arcs, and two-dimensional polylines belonging to the layer;

«Lineweight» (Baca ninii «Bec aunuup) — specifies (indicates) the thickness of the line. This
thickness will be used for all objects on this layer;

«Plot Style» (Cmunv Opyxy «Cmunv neyamuy) — specifies the plotting style for the layer. In the
advanced settings of the «Plot» (pyx «Iledats») dialog box, there is a «Plot style table» (Ta0nuis cTumnis
npyky «Tabnuia cruiiedt nedatu») list. Here you can select the color style that you want to apply to the
plot when it is printed. This allows you to change the color scheme of the drawing by replacing one color
with another when printing.

«Plot» ([pyx «Ileuamw») — Here you can specify whether this layer is printed when the drawing is
output or not. Layers with the printer icon checked will be printed. If you click on this icon with the mouse,
a ban icon will appear, and all constructions on the layer will not be printed.

Note. The layer named «Defpoints» is not allowed for printing, so it should be used for plots
only as an auxiliary layer.

When you create a new drawing, a layer named «0» is automatically created, with a white color and
a «CONTINUOUS» (BE3IIEPEPBHUIA «BECIIPEPBIBHbBII») line type. Layer «0» cannot be deleted
or renamed.

The presence of layers in a drawing and their properties can be determined by a template. You can
set the line type and color of primitives to be either the same as the <k BYLAYER», layer or different from
it.

You can control layer property settings with the «xkDDLMODES» and «LAYER» («I1IAP»),
commands, the «Layer...» (Illapu... «Cnou...») item on the «Format» (®opmar «Dopmary) drop-down
menu, and the «Layer & Linetype Properties» (ducneruep BnactuBocTeil mapiB «Jlucneryep cBOMCTB
cioesy) dialog box. From this dialog box, you can create a new layer, set the color and line type for all
primitives or objects, and make the layer you want the current layer.

Creating a new layer and line types

To create a new layer, click the «Layer Properties Manager» ([ucnetuep BracTuBOCTell mIapiB
«JlucnieTuep cBoHCTB cioeB») button on the «Layers» (ILlapu «Cmomn») toolbar. The window that appears
lists layer controls, existing layers, and their properties (Figure 1.44). It's a good idea to rename the new
layers according to their purpose.

One of the layers can be the current layer on which the elements required for this layer are drawn.

When you create a new layer, you need to set the color, type, and thickness of the line by clicking in
the corresponding columns (Color, Line Types, Line Weight) of a particular layer of the Manager window.
In the dialog box that opens, set the desired property. Layer properties are set in the same way as object
properties.
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Fig. 1.44. Layer properties in the «Layer Properties Manager» window

1.16. Block

A block (or block description) is a collection of related drawing objects that are treated as a single
object. You can insert blocks into a drawing with scaling and rotation. You can break them down into their
component objects and edit them, as well as change the block description. In the latter case, AutoCAD
updates all existing occurrences of the block and applies the new description to the newly inserted blocks.

Using blocks simplifies the drawing process. You can use blocks for the following purposes, for

example:

. To create a standard library of frequently used symbols, assemblies, and parts. After that,
you can insert these blocks an unlimited number of times instead of drawing all their elements every time.

. Quickly and efficiently edit drawings by inserting, moving, and copying entire blocks
rather than individual geometric objects.

. To save disk space by addressing all occurrences of a single block.

A block can consist of primitives created on different layers, with different colors, and different types of
lines. All these properties of the primitives are preserved when you combine them into a block and when
you insert the block into the drawing. However, there are three exceptions:

- primitives created on a special layer named «0 are generated on the current layer when a block

is inserted;

- primitives created in the color of the «BY BLOCK» inherit the color of the block;

- primitives created with the «BY BLOCKX line type inherit the block line type.

A block can contain other blocks. Using blocks can save a lot of memory. Each time you insert a
block into a drawing, AutoCAD adds only the block's insertion location, scale factors, and rotation angles
to the existing information.

Each block can be associated with attributes, i.e. textual information that the user can change when
inserting the block into the drawing and which can be displayed on the screen or remain invisible.

When you insert a block, the block image appears on the drawing. Each time you insert a block, you
set the scale factors and the angle of its rotation. Scale factors for different axes (X, Y, Z) can be different.

Using blocks in AutoCAD allows you to systematically organize your drawing tasks; it simplifies
the creation, editing, and sorting of drawing objects and related information.

Creating of block

The «BMAKE» command is used to create a block, and after it is activated, the information in the
block creation window is filled in - the objects included in the block are selected, the base point of insertion
is specified, and the block is named. The created block is an integral part of the drawing in progress and
can be inserted into it several times. It is advisable to use this operation if there are several identical devices
in the diagram or elements of the same type in the device design.
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To replenish the library, you can save a newly created block to it using the «WBLOCK» command,
specifying its name and the path to the library.

To replenish the library, you can save a newly created block in it using the command, specifying its
name and the route to the library.

Inserting a block

When you insert another drawing into a drawing, AutoCAD treats the inserted drawing the same way
you would a block. Subsequent inserts are based on the block's description (which lists its geometric
objects), and you can specify different block positions, scale factors, and rotation angles

By default, AutoCAD uses the point with coordinates 0,0,0 as the base point for pasted drawings.
You can change this by opening the current drawing and using the command.

1: Choose Block from the Insert menu.

2. In the Insert dialog box, specify the name of the block and the place where it is inserted into the
current drawing, and whether you want to split the block after insertion.

3.If you have modified the external DWG file from which the block was read, you can redefine the
block in the current drawing by clicking the File button and specifying the file name.

4.All occurrences of the block in the current drawing are updated based on the contents of the
specified file.

5. Click OK.

Exploding of blocks

When explodeded, single objects will turn into a set of separate components. The command does not
produce a visible effect. For example, polylines, rectangles, rings, and polygons are broken into segments
and arcs when dismembered. Groups are split into constituent elements or smaller groups when exploded.

The appearance of the split object remains the same, but the floating colors, layers, and line types
may change the colors and line types of the objects.

When you split a polyline, information about its width is lost. The resulting segments and arcs are
placed along its centerline. If you're splitting a block that contains a polyline, you'll need to split it
separately. When you split a ring, its width also becomes zero.

Explodting blocks with unequal scale factors along the X, Y, and Z axes can lead to the most
unexpected consequences. External links and related blocks cannot be split.

To explode the object:

1. From the «Modify» (PenaryBatum «U3menuth») menu, choose «Explode» (Po3zunenysatu
«Pacunenuts»), or from the «Modify» (Penarysaru «/3menuth») panel, choose the appropriate button.

2. Select the objects you want to explode.

1.17. External references

Using external links allows you to work with other drawings without constantly inserting them into
your drawing. When you load or print a drawing, each external link is automatically reloaded to reflect the
most recent state of the referenced drawing file. AutoCAD creates a temporary key file while the external
link is loaded.

A link can be called another type of block. Linking (reference) an external link is done by inserting
the entire drawing as a block.

Dependent symbols have a temporary name consisting of the reference name, a vertical bar, and the
original symbol name. For example, if you insert a ris.dwg drawing containing a layer named OSN as an
external link into a drawing, the OSN layer will be renamed to RIS/OSN before the layer is added to the
drawing's layer table.

1.18. Obtaining a hard copy of the drawing

The last step in working with a drawing is to make a hard copy on paper.

After the layout is complete, the drawing is output to a printer or plotter. If you are using the Windows
system printer for printing, no preliminary printing operations are required. If the drawing is sent to a
plotter, you need to configure it: select the plotter driver, input/output ports, assign perimeters, etc.
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Before printing, the user can set the drawing area, scale, rotation of the drawing, and sheet position.
At the same time, the user can set the correspondence between the pen numbers and line weights, on the
one hand, and the colors of graphic objects, on the other.

You can configure AutoCAD to use many different output devices and store multiple configurations
for a single device. AutoCAD stores more than 29 plotter configurations in the acad.cfg file. Each plotter
configuration contains the following information: device driver name, device model name, port ID to which
the device is attached, sheet size, orientation, scale factor, pen settings, optimization, drawing origin, and
rotation.

AutoCAD does not store plotter configuration information in the drawing file.

Before you display the drawing on the plotter, you can preview how it will fit on the sheet. To do
this, use the «PREVIEW» command or choose «File» — «Preview» from the drop-down menu. This
automatically enables real-time image zooming to view fine details of the drawing.

To access the plotter, use the «PLOT» command or select the «Print» dialog box from the «File»
— «Print» drop-down menu. In this window, you can set configuration parameters that control the final
output of the drawing.

In the «Printable Area» (O0acth, mo Apykyethes «[leyataemast 00aacTh») area, you can define
the following parameters:

«Screen» (Expan «Okpan») — displays the entire view in the graphical area;

«Borders» (Mexi «'pannmsi») — displays the area containing all drawing objects;

«Limits» (Jlimitn «JIumute»)— displays everything within the specified drawing boundaries;

«Frame» (Pamka «Pamkay) — displays the area defined by the window;

«Print to file» (Ipyk y daiin «I[leuats B haitny) — saves the information to a file.

In the «Format» (®Popmat «dopmar») area, you can define the size and orientation of the sheet.

In the «Print Scale» (Macmrab npyky «MacmTab neuatu») area, you can change the scale of the
drawing by turning the «Fit» («Brucate») switch on/off.

In the «View» (Ilepermsin «IIpocmotpy») area, you can view the full drawing or view the drawing
area.

After setting all the parameters, print the drawing by clicking the «OK» button.

1.19. Model space and sheet space

A model space is an AutoCAD space in which object models are created in both two-dimensional
and three-dimensional modeling. Indications that you are currently in a model space in an AutoCAD
window are the USC icon on the drawing area, the «Model» button at the bottom of the drawing area, and
the «MODEL> button in the status bar.

Work in the model space takes place on non-overlapping viewports (windows), where the main
drawing or model is created. If there are several viewports on the monitor screen, edits made in one of them
are applied to all others. However, you can set the screen magnification, viewpoint, grid spacing, and step
for each viewport separately.

«Sheet space» (Ilpocmip nucma «IIpocmpancmeo aucmar) is the AutoCAD space required to
display the spatially generated object model in overlapping viewports. If you didn't use sheet space, you
would have to fill the model space with graphic information that is only needed to generate drawing sheets.
After all, all additional graphic information - the drawing sheet frame, the main inscription, and other
graphic and text information - is not related to the actual model and is needed only on a hard copy of the
drawing sheets.

«A sheety(J/lucm «Jlucm») is a component of the AutoCAD environment that simulates a sheet of
paper and stores a set of settings that are used for printing. You can place viewports on a sheet, as well as
build geometric objects (for example, elements of a main lettering). A drawing can contain several sheets
with different types of models; each sheet has its own print scale and page size. The image of the sheet
looks exactly like the sheet drawn on the plotter.

Sheet space is strictly two-dimensional, and you can only see it from a view perpendicular to the
sheet plane. In AutoCAD, the sheet space is indicated by the USC icon and the «Sheet» (JIuct «JIuct»)
button in the status bar at the bottom of the AutoCAD Desktop.

In sheet space, the USC icon is triangular and always appears in the lower-left corner of the drawing
area.
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After you create floating viewports, you can make changes to the model by switching from the
«Sheet» (JIuct «JIuct») tab to the «Model» (Monens «Mogenby) tab.

1.20. Viewports

«A viewport» (Bunosi ekpanu «Buaossie 3kpaHb») is an area of the graphical screen that displays
a portion of the drawing model space.

There are two types of viewports: non-overlapping and overlapping.

Non-overlapping viewports are arranged on the monitor screen like tiles on a wall. They fill the entire
graphic area and cannot overlap. Viewports can be displayed on the plotter only one at a time.

Overlapping viewscreens are similar to rectangular windows that can be positioned on the screen and
moved around in any way. These viewports can be overlapped and crossed out at the same time.

You can save the entire viewport or any part of it by naming it. Views of model space and sheet space
are saved separately.

The configuration of non-overlapping viewports can vary. The possibilities for placing viewports
depend on their number and size. To select the configuration of viewports, you can open the Model: Non-
overlapping Viewport dialog box, which is called from the View — Non-overlapping Viewport —
Placement drop-down menu.

Depending on what you need, you can use different methods to create viewports. When the
«TILEMODE)» system variable is set to «1 (On)», you can use the «VPORTS» command to create and
manipulate viewports, which divides the screen into multiple, non-overlapping viewports.

1.21. Creating and using templates

Using templates eliminates the need to perform repetitive actions when creating a drawing. The
AutoCad system contains many templates of its own, but we need to create our own templates that will
comply with the current TOCT and ICTYV.

Creating an A4 format template

The drawing space in AutoCad is infinite. Even when you define drawing boundaries, you only
define the area of the drawing space that is to be treated as a drawing when printing and creating various
drawing layouts. At the same time, you can draw outside these boundaries. Moreover, these boundaries are
not visible on the screen. In order to distinguish between drawing boundaries, you need to explicitly outline
them, i.e. draw a border, which will determine the format of the sheet.

Let's draw an A4 frame that marks the boundaries of the drawing. To do this: from the «Drawing»
panel, select the «Line» (Binpizok «Otpe3ok») button.

In the command line:

Line From point (Specify the starting point): 0,0 (point 1)

To point(Specify the end point ): 210,0 (to point 2)

To point(Specify the end point): 210,297 (to point 3)

To point(Specify the end point): 0,297 (to point 4)

To point(Specify the end point): C@33) (lock in a point 1)

To draw out the inner borders of the format, call the same command and specify the following corner
coordinates:

e lower left — 20.5

e lower right — 205.5;

e upper right — 205.292;

e upper left —20.292.

And in the same way, using the «Line» («Otpe3ox»), command, the knowledge and skills gained,
cross out the main inscription and prepare a specification drawing with the appropriate stamp.

Now you need to save the created formats as a template so that you can use them as a basis later. To
do this, choose File — Save As from the menu. Next, in the «Save Drawing» dialog box that appears, select
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the .dwt type in the «File Type» field, and then specify a name for the template in the «File Name» field.
Click «Save» and the template is ready (Figure 1.45).
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So, knowing the dimensions, you need to create the following format templates:
Al horizontal

Al vertical

A2 horizontal

A2 vertical

A3 horizontal

A3 vertical

1.22. Development of drawings in the AUTOCAD environment

It is recommended to create a drawing in AutoCAD in the following sequence:

1. Create a new drawing using the NEW command from File => New... or by clicking the New icon
on the standard toolbar.

2. To open the Preparation Wizard in the Create New Drawing dialog box, select the Call Wizard
icon. Then, in the Select Wizard list, select Quick Prepare.

3. In the Quick Preparation dialog box, set the length measurement to «Units» and then «Decimal».
When you define the boundaries of the drawing area, in the Drawing Area dialog box, set the width and
length.

4. Click on the «Gridy» button in the status bar or use the F7 function key to turn on the grid display.

5. To display the entire drawing area on the screen, use the ZOOM command from the View = Zoom
= All drop-down menu, or click the Zoom All icon in the standard toolbar.

6. Save the drawing using the QSAVE command from File => Save or by clicking the Save icon in
the standard toolbar.

7. Insert a frame of the desired format into the drawing (if you have already prepared one). Insertion
is performed by using the INSERT command from the Insert => Block... menu, then clicking the Insert
Block icon in the Drawing toolbar. This brings up the Insert Block dialog box.

8. Create new layers in the Layer Properties Manager dialog box, which can be accessed from Format
=> Layer... or by clicking the Layer icon in the object's properties bar.

We recommend creating 4 layers:

e Contour — for lines of the main contour;

¢ Dimensions — for dimensional lines;

¢ Axial lines — for axial lines;

e Plot — for additional plots;

o Thin lines — for hatching.

9. In the Layer Properties Manager dialog box, set the line weights for the newly created layers: for
the Contour layer — 0.8; for the Dimensions, Axis Lines, and Thin Lines layers — 0.3. For the Axis layer,
set the line type to Center2. It is recommended that you set different color shades for all of them.

10. Create the desired text style in the Text Style dialog box, accessed from the Format => Text
Style... menu.

11. Fill in the main label. It's recommended that you zoom in on the body of the text to enlarge it.
Then use the DTEXT command from the Draw => Text => Single Line Text menu or click the Dtext icon
in the toolbar. When filling in a stamp, it is convenient to use the Fit key of the DTEXT command.12.
[Tepi, Hi*k GopMyBaTH OCHOBHHI KOHTYD, CJIi 3pO0UTH mIap HOTOYHUM. Lle 3a1HCHIOETCS B IIaIOTOBOMY
BikHI Layer Properties (/lucmeTdep CBOMCTB CI0OEB), IO 3aBaHTaXyeThesl 3 MeHIO Format (Dopmar) =
Layer... (Cromu...) abo knanHyTy MHILIEIO 110 mikrorpami Layers (Cion) y psiiKy BIacTUBOCTEH 00'€KTIB.

13. Turn on the cursor binding to the grid nodes by left-clicking on the (STEP) button in the status
bar or by pressing the F9 function key.

14. Using the RECTANG and CIRCLE commands, build the main contour of the horizontal
projection of the pattern and using the LINE command, build the main contour of its frontal projection.
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15. Make the Axis Lines layer the current layer and use the LINE command to create the axis lines
of both projections of the pattern.

16. Make the Thin Lines layer the current layer and hatch the section area of the part by using the
Hatch command from the Draw => Hatch... menu or by clicking the Hatch icon on the Draw toolbar.
Selecting the Hatch command brings up the Boundary Hatch dialog box, where you set the Pattern area to
ANSI31; the Scale area to 1; and the Angle area to 0.

17. Set dimensions. Make the Dimensions layer the current layer, then create a dimensional style
using the DIMSTYLE command in the Dimension Style Manager dialog box. The command can be
accessed by choosing Dimension => Style... or by clicking the Dimension Style icon on the Dimension
toolbar. It is recommended to set: the size of the arrows in the Arrow size: field to 5; in the Offset from
origin: field, select 0, which determines the indentation of the outline lines from the object; in the Text
style: list, specify the name of the created text style; in the Text height: list, select 3.5; in the Offset from
dim line: field, select 1.3.

18. To display the weight (thickness) of the lines on the screen, click the LWT button in the status
bar at the bottom of the Desktop.
19. Save the drawing

1.23. General concepts of 3D modeling

In many industries, AutoCAD is widely used in the development of design and construction
documentation.

Major changes and the development of new features in the latest versions of AutoCAD allow it to be
used in modeling three-dimensional objects.

Three-dimensional modeling provides the developer with a number of advantages.

1.23.1. Advantages of 3D modeling
Possibility of spatial viewing

When creating models of any complexity in space, the user can see their relative position and estimate
the distance between them. The model can be freely moved in space, viewing many options.

The ability to control the viewpoint allows you to conveniently select a view of the three-dimensional
model being developed. Real-time zooming and panning with the ability to freely rotate the camera around
the model allow you to quickly view objects from any point of view.

With the use of layers for various purposes, it is easy to control the visibility of parts of 3D models.

Creating sectional planes allows you to make sure that the internal structure of the model is correct.

Automatic projection creation

After creating a three-dimensional model, the user can get its two-dimensional projections not only
on the main planes, but also on any plane of his or her choice.

The created projections are easy to manage, moving them freely in the space of the sheet.

Automatic creation of cuts and sections

Sections and cross-sections are created automatically, the user only has to select the line of the section
or cross-section.

The user can create as many sections and cross-sections as needed.

Remove invisible lines and get realistic images

AutoCAD clearly distinguishes which edges or faces in each view need to be removed or which 3D
objects overlap, and removes or shows the appropriate elements.
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The created 3D model can be shown in a painted form with shadows. In this form, all model objects
are presented in the color that belongs to them directly or through a layer.

Objects can also be assigned a material or texture.

The models look most realistic when they are tinted with materials, with superimposed textures, and
when lighting is set. It is possible to perform tinting on a raster field, for example, a model of a cottage can
be shown on the area where it will be built, using a photo of this area as a raster background.

Possibility of engineering analysis

For solids, it is possible to define parameters such as mass and volume, center of mass, moments
and radii of inertia, centrifugal moments of inertia, and principal moments in the X, Y, Z directions relative
to the center of mass.

AutoCAD allows you to quickly calculate any dimensions of objects that are necessary for their
production, determine the areas and perimeters of closed objects.

1.23.2. Types of three-dimensional models
Frame models

Wireframe models are created from points, segments, and curves that describe the edges of an
object and have no edges. That is, such a model is a skeletal description of a three-dimensional object. Such
models only resemble 3D objects in appearance, they do not participate in tinting and coloring (since they
do not have faces) and do not overlap each other when placed in depth.

Surface models

Surface models are described by the edges and faces of a three-dimensional object, that is, they are
limited to surfaces. Using surfaces allows you to create the most complex three-dimensional objects. Unlike
wireframe models, surface objects represent the model more realistically in space, as they can cover objects
in the background and give a shadow when toned. However, they do not have physical properties: mass,
center of gravity, etc.

Solid State Models

A solid model (or body) is an image of a three-dimensional object that stores information not only
about edges and faces, but also information about its volumetric properties.

Each type of model has its advantages and disadvantages. Each type of model has its own
technologies for creating and editing.

Since different types of models have their own methods of creation, it is not recommended to mix
several types in one drawing.

1.23.3. Methods for setting three-dimensional coordinates

When creating three-dimensional objects, analogs of two-dimensional coordinates are used.
However, the development of three-dimensional objects in AUTOCAD, unlike drawing on a plane,
involves setting the third coordinate, which determines the volume of the product.

As with a plane drawing, in three-dimensional modeling, you can enter point coordinates using
different coordinate systems.

In three-dimensional space, both absolute coordinates (which are counted from the origin of the
coordinate system) and relative coordinates (which are counted from the last point specified) are used.
Relative coordinates are indicated by the @ symbol before the coordinates of the point you want to
specify.
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Cartesian (rectangular) coordinates

When specifying coordinates in this system, the X coordinate is first determined, then the Y
coordinate, and the Z coordinate is the last.

Absolute Cartesian coordinates in three-dimensional space are specified in the format X,Y,Z.
Relative coordinates have the format @X,Y,Z.

The current Z coordinate level is associated with the XY plane of the current coordinate system.
Using the level (elev) command, you can set the required value of the level and height of three-dimensional
objects. By default, the level is zero.

If you define a level other than zero, then this will determine the plane for which all Z coordinates
will be set, if this coordinate is not explicitly specified.

Cylindrical and spherical coordinates

When working in 3D space, two new types of coordinates are used - cylindrical and spherical, which
are analogous to polar coordinates on the plane.

1.23.4. Setting the position of points in 3D space
Coordinate filters

Coordinate filters allow you to set the coordinates of a new point based on the coordinates of
existing points. Filters are usually used with object snaps.

Filters are used during the execution of a command when a request for the coordinates of a new
point is made. The coordinates of the new point are selected as one or two coordinates of an already created
point, and then the missing coordinates are specified.

To specify a filter on the command line, use the format .coordinate,
where the coordinate is one of the characters X, Y, Z, or a combination of them.

There is a set of six filters: . X, .Y, .Z, XY, . XZ, .YZ.

World Coordinate System (WCS) and User Coordinate System (UCS)

AutoCAD has a concept called the world coordinate system (WCS). This is a conventional
coordinate system that is accepted as the initial reference system.

In three-dimensional constructions, the WSC is a coordinate system in which the XY plane is
horizontal, and the origin is a point that is convenient for calculations and setting coordinates

It is not always convenient to work in the WSC, as it may be suboptimal during the construction
process. When drawing, it is convenient to select a coordinate system for each projection that starts at a
specific projection point.

Coordinate systems created by the user during drawing are called user coordinate systems. The
accepted abbreviation is UCS.

The creation of a UCS is performed by the UCS command, which has many options.

At some point in time, only one coordinate system is active, which is called the current one. The
current coordinate system is identified by the icon of its axes. The sign of the world coordinate system is a
rectangle at the origin and the letter W.

It is not allowed to change the WSC.

At any given time, you can switch from one coordinate system to another.

In three-dimensional constructions, the coordinate system defines the drawing plane relative to
which objects are created, editing commands are executed, and coordinates are determined.

Spatial constructions are associated with constant redefinition of the construction plane. This can
be a parallel movement of the plane and the origin to a new point in space, rotation of the construction plane
relative to the spatial axis, or determination of the plane by three points.

It is convenient to manage the WSC using the UCS. The user coordinate system is named when
the created CCS, which you will repeatedly work with, does not match the standard one.
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AutoCAD has six standard orthogonal UCS : top, bottom, front, back, left, and right. By default,
the parameters of the orthogonal USC are calculated relative to the WSC.

1.23.5. Coloring 3D objects

AutoCAD lets you create photorealistic images. To do this, use the «Render» (TonyBaTtu
«Tonuporatb») command. Executing this command requires preparatory operations that take time.
However, to get a visual representation of the model, it is enough to remove invisible contour lines or color
objects.

To do this, use the options of the «Shademode» command. It is convenient to use the «Shade»
command to call up the command options.

In «2D Wireframe» («2D Kapkacy») mode, objects are depicted as segments and curves without
coloring, and line types and thicknesses are displayed.

The «3D Wireframe» («3D Kapxkac») mode displays the object in the form of segments and curves,
with material colors. A three-dimensional UCS symbol is displayed.

In «Hidden» (ITpuxoByBaHHs1 HeBUAMMUX JiHiH «CKpbITHE HEBUANMBIX JIMHUI») mode, the object
is rendered in a wireframe view, but the lines that define the back edges are not displayed. In this mode,
objects in the background are obscured by objects in the foreground and become invisible.

«Flat Shaded» (ILmocke «Ilmockoe») mode. In this mode, objects are colored, and curved edges
don't have a smooth transition. Invisible faces and edges are not displayed.

«Gouraud Shaded» mode. Objects are colored and curved edges have smooth transitions.

This mode gives objects the most realistic look without using photorealistic tinting. Invisible edges
and faces are not displayed, but the materials that are assigned to the objects are visible.

In «Flat Shaded, Edges On» (ILtocke, 3 kpomkamu «Ilnockoe, ¢ kpomkaMm») mode, objects are
rendered as a combination of Flat Shaded and 3DWireframe modes. In this case, the edges are colored in
the color you specify, and the visible wireframe lines are displayed.

The Gouraud Shaded, Edges On mode is a combination of the Gouraud Shaded and 3D
Wireframe modes. In this case, the edges are colored in the color you specify, and the visible wireframe
lines are displayed.

Checklist questions

What are the main panels that appear on the screen when you start AutoCAD and what do they do?

How do I create or open a drawing in AutoCAD?

Ways to enter commands in AutoCAD.

What is a «graphic primitive» in AutoCAD? What primitives exist?

How to create text? What types of text exist?

What is object snapping? Its purpose. List the types of object snapping.

What are «layers» and their purpose? How to create layers in AutoCAD?

What command allows you to hatch an area? How do you select a hatching pattern?

What are the edit commands? What kind of question is present in the edit commands?

10. Editing with handles. How to understand it?

11. List the ways to select objects.

12. In which submenu are the commands for setting the dimention? List these commands.

13. What is a «block»? Its creation and purpose.

14. What is the point of creating blocks from objects that are often reproduced on the drawing?

15. On what layer should a block be created so that when inserted into the drawing, the objects of the block
take on the properties of the current layer?

16. In what case can you change the color of objects in a block after inserting it?

17. What is the sequence of actions to create a block from existing objects on the drawing?

18. What is the most acceptable way to specify the point of insertion of the block (Base point)?

19. What are the considerations for choosing the block insertion point?

20. How to complete the selection of objects to be included in the block?

21. How do I place the created block on the drawing field?

VPN R W=
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22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

How do I load a block from a file?

What are the advantages of three-dimensional modeling?

What types of three-dimensional models exist?

What are the ways to create solid models you know?

What is the difference between the section and section of the body?

What is tinting and when is it used?

Name the sequence of actions to create design documentation from a three-dimensional model.
The concept of sheet space and model space. How do they differ?

The concept of a template in AutoCAD and how to create it?

How do I save and print a drawing in AutoCAD?

65



2. BASIC REQUIREMENTS AND INFORMATION FROM REGULATORY,
GUIDANCE MATERIALS AND STANDARDS

2.1. Requirements of the standards for the design of drawings

When making drawings, a lot of conventions are used in depicting objects and their elements, a lot
of information is provided in the form of symbols, etc. In order for such information to be understandable
to every specialist, there must be a common technical language and terminology, which is ensured by state
standards. All drawings are prepared in accordance with the requirements of applicable standards.

2.1.1. Formats and basic labels

In accordance with JICTY ISO 5457:2006, the format of a drawing sheet is determined by the
dimensions of its sides. Each standard format has a designation, for example, A0O. The basic formats are
determined by sequentially dividing the long sides of the A0 format (1189 x 841 mm) in half, with an area
equal to 1 m2. The dimensions of the main formats are shown in

Table 2.1
Format dimensions
Format designation Dimensions of the sides in mm (format)
A0 841 x 1189
Al 594 x 841
A2 420 x 594
A3 297 x 420
A4 210 x 297

Additional formats may be used, the long side of which must be a multiple of the short side of the
main format. The dimentions of additional formats are given in Table 2.2.

Table 2.2
Dimensions of additional formats
Multiplicity Format
AO Al A2 A3 A4

2 1189x1682 - - - -

3 1189x2523 841x1783 594x1261 420x891 297x630
4 - 841x2378 594x1682 420x1189 297x841
5 - - 594x2102 420x1486 297x1051
6 - - - 420x1783 297x1261
7 - - - 420x2080 297x1471
8 - - - - 297x1682
9 - - - 297x1892

The designation of an additional format consists of the designation of the main format and the
multiplicity of the additional format to the short side of the main format For example, the 420x1486 format
is designated A3x5. A border is drawn on the format at a distance of 5 mm from the edge on three sides of
the sheet and at a distance of 20 mm from the fourth left edge (Figure 2.1).
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Fig. 2.1. Format sheet design

The main inscription is placed in the lower right corner of the format. Formats, except for A4, can
be arranged both horizontally and vertically. The A4 format is laid out vertically only.

The main inscription on text documents and drawings is made in accordance with ICTY EN ISO
7200:2005. The main inscriptions, depending on the purpose, may have different shapes. The content,
location and size of the main inscriptions, as well as the size of the frames should correspond: in drawings
and diagrams — to Form 1 (Figure 2.2); on the title page of text documents — to Form 2 (Figure 2.3); on the
following sheets of text documents and drawings — to Form 2a (Figure 2.4).
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Fig. 2.2. Basic inscription (form 1) for drawings

In the columns of the main inscriptions indicate:

1 — name of the product;

2 — designation of the document;

3 — designation of the material of the part (fill in the column only on the part drawings);

4 — the letter assigned to the document (on study drawings — «N»);

5 — weight of the product;

6 — scale;

7 — serial number of the sheet (on documents consisting of one sheet, the column is not filled in);
8 — the total number of sheets (the column shall be filled in on the first sheet);

9 — name or identification number of the company that issued the document
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(do not fill in this field if the identification code is included in the document designation);
10 — nature of work performed by the persons signing the document;

11 — names of the persons signing the document;

12 — signatures of the persons whose names are indicated in column 11;

13 — date of signing the document;

14...18 - changes that are being made.
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Fig. 2.3. Basic inscription (form 2) on the cover page of text documents
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Fig. 2.4. Basic inscription (form 2a) on the following sheets of text documents and drawings

2.1.2. Scales

Scale is a measure of reduction or increase in the image of an object in relation to nature. In
accordance with JICTVY ISO 5455:2005, the scales shown in Table 2.3 are recommended for use.

Table 2.3
Scales

1:2;1:2,5; 1:4; 1:5; 1:10; 1:15; 1:20;
Scale of reduction 1:25; 1:40; 1:50; 1:75; 1:100; 1:200;
1:400; 1:500; 1:800; 1:1000

Natural
1:1
value
. 2:1;2,5:1; 4:1; 5:1; 10:1;
Scale of increase

20:1; 40:1; 50:1; 100:1

For large objects, use scales of 1:2000, 1:5000, 1:10000, 1:20000, 1:50000.
In necessary cases, it is also allowed to use the scale of magnification (100/n):1, where # is an integer.

In the corresponding column of the main inscription, the scale is indicated without the letter «M», for
example, 1:2, 2:1, etc.
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2.1.3. Lines

When using drawings, use the lines established by 'OCT 2.303-68 (Table 2.4).

Table 2.4
Tunu qiniii Types of lines
Ne p/n Name Image Thickness Appointment
04 LW, C g O g Lines of visible contours, lines of cross-
1 Solid thick main 1 ' sectional contours (outlined and included

| in the section)

Contour lines of superimposed sections,

o S |4 .
e TG *_ |dimensional and
_— —  |BII 3 0 -
2 Solid thin 3 2 |dimensional and outline lines. Hatching
lines, shelf lines, and underline labels
. . & 5 |Lines of demarcation between view and
3 Solid wavy ST (BiR g no 9 |section. Break lines

_ S
4 Stroke | 2.8 B1JL 3 1o 5 Invisible contour lines
S 300 i 3w S
5 Dashed line thin | — — F ¢ e | BMAL 3 Ad 9 |Axial and center lines
_ [ 5.90
. e Sl A 25 |Designation of surfaces to be heat treated
Dashed line : Bl — 70 — & .
6 thickened . ¢ — 5 3 |or coated. Representation of elements
e 3.8 located in front of the cutting plane

@
b
S
-
Cn

7 Opened BI1J1 2l o Section lines

()

Long break lines

8 Solid thin with a g
fracture 4/\/___ Bijt . 110

Line thickness, stroke length of dashed and dotted lines shall be the same for all images on the format
and shall be selected depending on the scale and complexity of the image. Dashed lines should intersect
and end with strokes.

N |
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2.1.4. Application of dimensions and base

The basis for determining the size of a part and its elements is the dimensions shown in the drawing.

The dimensions in the drawings are applied taking into account the design features, the operation of
the part in the product, and the technology of its manufacture and control. such requirements determine the
bases from which the part is measured during its manufacture, control, and assembly. Bases are divided
into design, technological and measurement bases. Bases can be primary and secondary.

Design bases are collections of surfaces, lines, and points that determine the position of a part in a
product, i.e., a set of elements relative to which a part is oriented in a mechanism (Figure 2.5).

As a rule, design bases are used to define dimensions that determine the position of the mating
surfaces of the product, taking into account the possibilities of manufacturing and dimensional control.

A measuring base is a set of surfaces, lines, and points against which dimensions are measured when
measuring the manufacture of a part.

A technological base is a surface against which a part is oriented during its manufacture.

JlomomixHa 6a3a

N o
o/ ~
/f OcrosHa 6a3a

Fig. 2.5. Design bases

Yoprosa 0aza

When performing working drawings of parts that are made by casting, stamping, forging or rolling,
indicate no more than one dimension that connects the machined surfaces with the surfaces that are not
subject to machining. This dimension defines the finishing and roughing process bases. The finishing
technological base is the main one and is processed first. The position of auxiliary technological bases is
determined relative to the main ones. It is recommended that all dimensions on working drawings of parts,
except for the dimensions of the position of mating surfaces, be applied from technological or measuring
bases. This follows from the definition of a part drawing as a document containing data for its manufacture
and control. The rules for applying dimensions are defined by JICTY I'OCT 2.307:2013.

When applying dimensions to a drawing of a part, the total number of dimensions should be minimal
but sufficient for its manufacture and control.

It is not allowed to repeat the dimensions of the same element in different images, with the exception
of reference dimensions, which are indicated for greater ease of use of the drawing. Reference dimensions
in the drawings are marked with a «*», and in the technical requirements are written: «*Dimensions for
reference».

Dimensions should not be shown in a closed chain unless one of the dimensions is shown as a
reference.

It is recommended to group dimensions referring to the same structural element (groove, protrusion,
hole, etc.) in one place, placing them in the image that shows the element shape most fully.

As a rule, the dimensions of several identical elements of a product are drawn once, indicating the
number of these elements (Figures 2.6, 2.7). If the same elements (e.g., holes) are located on different
surfaces and shown in different images, the number of these elements is recorded separately for each
surface.
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Fig. 2.6. Application of dimensions Fig. 2.7. Application of dimensions

The dimensions of symmetrically placed elements (except for hol es) are applied once, grouped in
one place, without specifying the number of elements (Figures 2.8, 2.9).
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Fig. 2.8. Dimensions of symmetrically placed elements
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Fig. 2.9. Dimensions of symmetrically placed elements

When specifying dimensions that determine the distance between evenly spaced elements (e.g.,
holes), it is recommended that instead of a dimensional chain, the dimension between adjacent elements be
specified as the product of the number of gaps between elements and the size of the gap (Figure 2.10).
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Fig. 2.10. Drawing of dimensions defining the distance between evenly spaced elements

In cases where, for whatever reason, a large number of dimensions are drawn from a single baseline
(Figure 2.11), it is permissible to draw one common dimensional line from the 0 mark for linear and angular
dimensions instead of separate dimensional lines.
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Fig. 2.11. Features of dimensioning

The drawing of each part must contain its overall dimensions - the largest measurements in each
coordinate direction.

These dimensions are necessary for the selection of the workpiece and equipment, and for the
development of the manufacturing process of the part. These dimensions can be marked as reference
dimensions with a «*».

Linear dimensions and their maximum deviations in the drawings are indicated in millimeters
without the designation of the unit of physical quantity. For dimensions that are recorded in technical
requirements and explanatory notes, the units of measurement must be indicated in the drawing field.

If the radii of roundings, bends, etc. are the same throughout the drawing or one radius prevails, then
instead of placing the dimensions of these radii on the drawing, make a note in the technical requirements,
for example: «Radius of rounding 4 mmy, etc.

Sometimes in designs, it becomes necessary to jointly machine parts (or their elements) that are part
of a given product (for example, a hole in a housing consisting of two halves). The dimensions with the
maximum deviations of the elements to be machined together are enclosed in square brackets and recorded
in the technical requirements: «Machining according to the dimensions in square brackets shall be
performed jointly with the...».

When marking dimensions on drawings, use the series of numbers that should be preferred, taking
into account the requirements of the relevant standards for normal linear dimensions and angles normal
radii of rounding and chamfers, normal cones and cone angles, etc.
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2.2. Welded joints

2.2.1. Types of welding and methods of their implementation

Today, there are many types of welding and methods of welding. The main ones are shown in Table
2.5

Table 2.5
Types of welding
I'oCT Titles
5264-80 [Manual arc welding. Welded joints.
8713-79 |Submerged arc welding. Welded joints.
11533-75 |Automatic and semi-automatic submerged arc welding. Welded joints at acute and obtuse angles.

11534-75 [Manual arc welding. Welded joints at acute and obtuse angles.

14771-76 |Arc welding in shielding gas. Welded joints.

14776-79 |Arc welding. Welded joints.

14806-80 |Arc welding of aluminum and aluminum alloys in inert gases. Welded joints.
15164-78 [Electroslag welding. Welded joints.

15878-79 |[Resistance welding. Welded joints.

16310-80 [The joints are welded from polyethylene, polypropylene, and vinyl.

23518-79 |Arc welding in shielding gas. Welded joints at acute and obtuse angles

23792-79 [Welded electrical contact connections

Arc welding is performed with an electric arc that occurs between the electrode and the parts to be
welded.

Gas welding is performed with a flame of a combustible gas (acetylene, hydrogen, methane, propane-
butane, etc.) burned in a stream of oxygen. The torch flame feeds filler material (electrodes or welding
wire) into the metal heating zone. Gas welding is used for non-ferrous metals and cast iron.

Resistance welding is carried out with heat generated by the flow of high-powered electric current
through the parts to be welded and the creation of contact pressure between them.

2.2.2. Classification of seams of welded joints

Weld seams are classified according to the type of joint, cross-sectional shape, edges of the parts to
be welded, position of the seam in space, and the location of the seams relative to the force acting on
them.

Depending on the location of the seams relative to the direction of the force acting on them, there
are frontal (/), flank (2) and oblique (3) seams (Figure 2.12).
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Fig. 2.12. Types of joints according to their location relative to the direction of the force acting on them:
1 — frontal, 2 — flank, 3 — oblique
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Depending on the position of the seam in the space it occupies during welding, there are bottom (/),
vertical (I), and ceiling (/I]) seams (Figure 2.13).

Seams la (Figure 2.13), which are applied horizontally when the product is vertical, are called
horizontal seams.

60°-120°

Fig. 2.13. Seam types according to position in space:
I —bottom, /] — vertical, /I] — and ceiling

According to the relative position of the parts to be welded, the following types of joints are

distinguished: C — butt joint (Figure 2.14, a), H — overlap (Figure 2.14, b), Y — corner (Figure 2.14, ¢), T —
T-joint (Figure 2.14, d).

a b

Fig. 2.14. Types of connections:
a —butt joint, b — overlap, ¢ — corner, d — T-joint

Regardless of the welding method, the seams of welded joints are conventionally depicted: visible
seams are represented by a solid main line (Figure 2.15, ), invisible seams are represented by a dashed
line (Figure 2.15, b). A visible single weld point, regardless of the welding method, is conventionally
marked with a «+» sign (Figure 2.15, ¢). Invisible single weld points are not marked.

aa A-A
7

4
71N == s e
-+

5..10

a b c

Fig. 2.15. Conditional representation of welds of welded joints:
a — visible seams, b — invisible seams, ¢ — visible single welding points

The edges of the parts to be welded can be prepared in different ways: without bevels (Figure 2.14,
b, d), with bevels of two edges (Figure 2.14, a), etc. To distinguish between them, a numerical designation
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of the prepared edges is added to the corresponding letter symbol: CI,
C2,C3,...;H1,H2;V1,¥2,V3..;T1,T2,T3....

The seam can be one-sided (Figure 2.16, a) and two-sided (Figure 2.16, b,c), continuous or
intermittent with a chain (Figure 2.17, a) or staggered (Figure 2.17, b) arrangement of the welded sections.

When designing welded structures, it is necessary to take into account the technological and strength
features inherent in different types of welded joints. For example, lap joints, which are easy to assemble
and do not require high precision of workpieces, are recommended for use only for connections of lightly
loaded elements that are subject to static load. Lap joints should not be used in structures subjected to
vibration alternating loads because they have a very low endurance limit (up to 40% of the base metal). T-
joints are widely used in welded structures, as they operate reliably under static load.

In cases where it is necessary to guarantee an increase in the vibration strength of tack welds, local
machining of their surface and transitions to the metal surface of the welded parts is performed.

The best type of welded joint is a butt joint, which has a tensile strength not inferior to the base metal.

A
=q 4 ==

Figure 2.17. Types of seams:
a — continuous or intermittent with chain,
b — staggered arrangement

Figure 2.16. Types of seams:
a — one-sided, b,c — two-sided

2.2.3. Manual arc welding

JACTY EN ISO 9692-1:2014 specifies the main types, structural elements and dimensions of welded
joints made of steels and iron-nickel and nickel-based alloys, made by manual arc welding. The main types
of welded joints shall comply with those given in Table 2.6

Welded joints at acute and obtuse angles.

The main types, structural elements and dimensions of welded joints at acute and obtuse angles are
specified in TOCT 11534-75. The main types of such joints are shown in Table 2.7.
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Types of connections and their symbols

Table 2.6

Cross-sectional shape
Types of Shape of prepared Thickness of Connection
connections edges Type of weld scam Prepared edges Welded seam welded parts, mm symbols
1-4 Cl1
N | =%
With edge banding [ 1 f P )
1-12 C28
One-sided
With one edge flanging l 1 G ’ } ’ C3
Joint 1-4
& N
é N\ | 7 N C2
One-sided with Y I I\ \{
No beveled edges  |removable backing —// */ /\l V\ \l c4
1-4
One-sided on the f/ I\ \f 8/ \) Cs
leftover substrate — - '
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols

)

One-sided locking }/ _] | \x r/ \) 1-4 C6

No beveled edges

P
773N | cr

|

N

Two-sided {/ ] I\ \1 r M w
No edge beveling Wlth 6-12 Cc42
subsequent gouging
Joint r \g

e (A AR :

With a beveled edge 3-60

N
One-sided with V A \g 9
removable backing
 ——
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Table continuation 2.6

Cross-sectional shape
Types‘of Shape of prepared Type of weld seam Thickness of Connection
connections edges Prepared edges Welded seam welded parts, mm symbols
N
One-sided on the / A \$
leftover substrate 10
C—
N
With a beveled edge One-sided V V /( / 3-60 Cl1
L =
S &
Joint A \$ V L m c12
N
With a curved bevel on C13
one edge Two-sided
<
15-100
T,
With a broken bevel of V A \3 V M Cl4
one edge
T
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
z N
With two symmetrical 8-100 Cl5
bevels on one edge
e
T N
With two symmetrical
curved bevels on one 30-120 Cl6
edge Two-sided
S
5N
Joint With two asymmetrical
curved bevels on one V 12-100 C43
edge
One-sided ( %‘ A \) C17
With beveled edges 3-60
One-sided with C18

removable backing
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Table continuation 2.6

Cross-sectional shape

subsequent gouging

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
One-sided on the
leftover substrate ( % A W 6-100 19
I —— | —|
) One-sided locking m C20
With beveled edges A
[ |
3-60
Joint
C21
N
Trvosided x/ % A W V ﬂ
Beveled edges with /% 3-40 C45
e
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols

D
R k/ %\l’(\ \\/ {/ M\ \\f .
edges

Two-sided 15-100

'With broken edge bevel (/ A << : : i C24

Joint

g
With two symmetrical Two-sided 8-120 C25
beveled edges

With two symmetrical Two-sided 30-175 C26
curved edge bevels
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols

P
With two symmetrical
broken edge bevels f ) § ( % \i 3-175 Cc27
S

P o
Joint Two-sided % & ( % \i C39
S

With two asymmetrical

edge bevels 12-120
D
V )) & M 0
T ——
— K2 :
Corner Vith one edge flanging One-sided 1-4 Vi
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
With one edge flanging 1-12 v2
LA L | ALY
E g G [
Corner One-sided
1-6
= A
No beveled edges v4
1-30

&3



Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
EZIS 1 §2\ ]
=4
2-8
. |/ | /]
No beveled edges Two-sided VY5

S \{/
? !:/
NS
2-30
| /4

Corner L

One-sided Vo6

N

With one edge beveled 3-60

Two-sided V7
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
With two symmetrical Two-sided 8-100 V8
bevels on one edge

Corner One-sided m v9

With beveled edges 3-60
Two-sided v10

=
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols

One-sided — E\' T1
N A |
No beveled edge 2-40
L
N |
Two-sided T3
N\ "4
Tavrovo N \

One-sided §~> T6

With one edge beveled 3-60
Two-sided }\ j @ 7

NN
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
With curved bevel of 15-100 ™
one edge
I
8-100 T8
Tavrovo Two-sided /
With two symmetrical
bevels on one edge V,
I 12-100 T9
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Table continuation 2.6

Cross-sectional shape

Types of Shape of prepared Thickness of Connection
. Type of weld seam
connections edges Prepared edges Welded seam welded parts, mm symbols
’
With two symmetrical
Tavrovo curved bevels on one Two-sided 30-120 T5
edge /

One-sided / @\ H1

Overlap No beveled edges \ \ 2-60
Two-sided H2
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Basic types, structural elements and dimensions of welded joints

Table 2.7

. . Welded joint
Types‘of Shape of prepared Type of weld seam | Cross-sectional shape of the prepared edges and the weld Thickness of | Connection angle of designation
connections edges welded parts, mm parts B, degrees symbol
179-91;
1-6 89-5
One-sided % v1
135-91;
B 7-30 89-5
/]
Corner No beveled edges
1-6 179-136
One-sided on steel B
removable or left-in V2
backing
7-26 135-91
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Table continuation 2.7

. . Welded joint
Types.of Shape of prepared Type of weld seam|Cross-sectional shape of the prepared edges and the weld Thickness of | Connection angle of designation
connections edges welded parts, mm | parts f3, degrees symbol
-8 179-91
No beveled edges Two-sided /( 2-30 135-91 V3
ﬁ 9-30 89-45
¢
Corner
31 CKOCOMVOI[HOFO One-sided 426 179-136; va
OKpaiika % 89-46
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Table continuation 2.7

Types of Shape of prepared Cross-sectional shape of the prepared edges and the Thickness of | Connection angle of Welded]pmt
. Type of weld seam designation
connections edges weld welded parts, mm | parts B, degrees
symbol

With one edge beveled Two-sided 4-60 1;99__1‘356; V5

/]
Corner
With two bevels on one Two-sided 12-60 179-165; v6
edge 89-75

A B
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Table continuation 2.7

Types of Shape of prepared Cross-sectional shape of the prepared edges and the Thickness of | Connection angle of Wel@englnt
. Type of weld seam designation
connections edges weld welded parts, mm | parts B, degrees
symbol

With two asymmetrical . B 179-165;

bevels on one edge Two-sided 12-60 89-75 v7

Corner

With two bevels on one B
edge and one bevel on Two-sided 12-60 179-136 V8

the other edge
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Table continuation 2.7

Types of Shape of prepared Cross-sectional shape of the prepared edges and Thickness of | Connection angle of Wel.dedpmt
. Type of weld seam designation
connections edges the weld welded parts, mm | parts f3, degrees symbol
One-sided / 1-30 91-175 TI
Tavrove No beveled edges
Two-sided 1-60 91-135 T2
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Table continuation 2.7

Types of Shape of prepared Cross-sectional shape of the prepared edges Thickness of | Connection angle of Wel@englnt
. Type of weld seam designation
connections edges and the weld welded parts, mm | parts 3, degrees symbol
One-sided 4-26 91-134 T3
With one bevel on one
Tavrove
edge
Two-sided 4-60 91-134 T4
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Table continuation 2.7

Types of Shape of prepared Cross-sectional shape of the prepared edges Thickness of | Connection angle of Wel@ed]pmt
. Type of weld seam designation
connections edges and the weld welded parts, mm | parts B, degrees symbol
\<
. \ 89-45;
One-sided 2-30 91-135 TS5
Tavrove With one edge beveled
\:
. \ 89-45;
Two-sided 2-60 91-135 T6

Ne)

5



Table continuation 2.7

Types of Shape of prepared Cross-sectional shape of the prepared edges Thickness of | Connection angle of Wel@ed]pmt
. Type of weld seam designation
connections edges and the weld welded parts, mm | parts 3, degrees symbol
With two bevels on one . B 91-100;
edge Two-sided 12-60 89-80 T7
Tavrove
With two asymmetrical 101-110:
bevels Two-sided 12-60 i TS
79-70
one edge
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2.2.4. Conventional designation of welded seams

Weld seams designation is performed in accordance with JICT 2.312-72. The structure of a
standard weld or weld point designation is shown in Figure 2.18.

hyphens

5

In the weld seam designation, the numbers mean:

y

Fig. 2.18. Structure of the standard seam symbol

1 — additional signs of a closed line seam and an assembly seam;

2 — standard designation for types and structural elements of welds;

3 — alphanumeric designation of seams;

4 — symbol of welding method (may be omitted) (Table 2.9);

5—sign I\ and size of the catenary;

6 — characteristic of a weld seam or a single weld point, - (for a discontinuous weld seam - the length
of the welded section, the sign Z or I and the pitch);

7 — auxiliary signs, which are selected from Table 2.8.

Welding methods are divided into: P — manual; IT — semi-automatic; A — automatic.

JACTY EN ISO 9692-1:2014 establishes the following designations for types of welding in shielding
gases:

HH — in inert gases with a non-consumable tungsten electrode without filler material;

WHm — in inert gases with a non-consumable tungsten electrode with filler material;

HII - in inert gases and their mixtures with active gases with a consumable electrode;

VII - in carbon dioxide with a melting electrode.

However, all welds, regardless of the welding method, are depicted in the same way.

It is better to draw a line with a one-way arrow ending in a horizontal shelf from the image of the
visible seam. Distinguish between the front and back sides of the seams (Figure 2.19)

If the arrow of the line-extension is directed to the front side of the seam (Figure 2.19, a), the symbol
is applied above the shelf, if it is directed to the back side, it is applied below the shelf (Figure 2.19, b).

For a single-sided weld, the side from which the welding is performed is considered the face, and for
a double-sided weld with asymmetrical bevels, the side from which the main weld is performed. Either side
may be considered as the face of a double-sided weld with symmetrical bevels. In the seam designation,
auxiliary symbols (Table 2.8) are drawn as solid thin lines. The height of these symbols shall be equal to
the height of the digits included in the seam designation. The seam catenary mark (equilateral right triangle)
is drawn as a solid thin line. The height of the mark and the digits that make up the seam designation must
be the same.

Non-standard seams are depicted with the application of structural elements necessary to perform the
seam according to this drawing (Figure 2.20). In the technical specifications, make the entry: «Manual
electric arc welding».
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Auxiliary symbols in the weld seam designation

Table 2.8

Auxiliary symbol

Meaning of the auxiliary
symbol

Positioning of the auxiliary symbol in relation to the shelf of
the line-extension drawn to the seam image

on the front side on the back side

_ O

Remove the seam
reinforcement

o | o

Process seam sagging and
irregularities with a smooth
transition to the base metal

Vi

Perform the seam during
installation of the product,
i.e. when installing the
product according to the
installation drawing at the
place of use

T
—

Interrupted or point seam
with a chain arrangement,
line angle - 60°

Intermittent or dotted seam
with a staggered
arrangement

WN 1\ l WF

Seam along a closed line.
The diameter of the sign is
3.5 mm

Seam along an open line (the
sign is used when the
location of the seam is clear
from the drawing)

9

\
i



Letter designations of some types, methods and techniques of welding

Table 2.9

Welding type and method Letter designations
Electric arc E
Electric arc under the flux layer )
Electric arc surrounded by shielding gases 3
Electric arc with an open arc O
Electroslag IE
Contact Kt
Gas r
Ultrasonic V3
Friction Tp
Cold X
Plasma I3
With an electron beam En
Diffused Ad
A beacon of light 3
By explosion B3
Induction u
Gas pressing I'n
Termite ™
Radio frequency currents Pg
Helio (solar) I'c

Front side

Seam
| designation 4 4

a

Reverse side

A
\, Scam acm_-!ltion A-A

:

Fig. 2.19. Seam designation:
a — front side of the seam, b — reverse side of the seam

Fig. 2.20. Image of a non-standard seam
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Examples of weld symbols:

1. The butt joint seam without beveled edges is one-sided, made by manual arc welding in a closed

line on the front side.
ﬁ JICTY EN ISO 9692-1:2014 C2

The same on the reverse side

PI{CTV EN ISO 9692-1:2014 C2

2. Branded seam without beveling of edges, double-sided, intermittent with a staggered arrangement,
performed by manual arc welding in shielded gases with a non-consumable metal electrode. The weld gauge
is 6 mm. The length of the welded section is 50 mm. Step 100 mm on the front side.

ﬁ I'OCT 14806-80-T5-Pu3[\6-50Z10

The same on the reverse side

ﬁ I'OCT 14806-80-T5-Pu3[\6-50Z10

2.2.5. Electrodes for manual arc welding

The design, dimensions, general technical requirements and symbols for coated metal electrodes
for manual arc welding of steel are specified in TOCT 9466-75.

Diameters of electrodes for manual arc welding, thicknesses of parts to be welded with them and
welded seam (for butt joints) are recommended to be selected according to Table 2.10.
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Table 2.10

Dependence of the electrode diameter on the thickness of the welded parts

Dimensions in millimeters

Diameter of the | Thickness of welded - When welding pipes
electrode rod parts Cathette seam Outer dl?)rir;cter of the Pipe wall thickness
1,6-2,0 1-3 1-2 18-76 1,5-3,0
2,5-3,0 3-6 2-4 89-219 3-6
4,0 5-10 3-6 273-426 7-9
5,0-6,0 8-15 5-8 - -
8,0 10-20 8-10 - -
}gig 20-25 10-12 - -

Electrodes for welding carbon and low-alloy steels are shown in Table 2.11

Table 2.11
Types of electrodes for carbon and low-alloy steels
Steel grade welded Ell_%:g%dg 4%13_672}’ Electrode brands
HoCr3 334 AH-I
Cr 3 kI D42 AHO-5,AHO-17 and others
Cr3cmn Cr3mnc, Cr3Tcn D42 A YOHMU-13/45, VII-1/45 and others
AHO-13, AHO-3, AHO-4,
10,15, 20, 15K, 16K, 18K, 20K 346 MP-3, AHO-18, O3C-4,03C-6, O3C-3, O3C-
12 and others
16I'C, 09 I'2C, 10I'2, 10I'2C1, 550 A YOHMU-13/55, YII-1/55, YII-2/55, K-5A,
17TC,17T'1C AHO-11, BII-4, O3C-29 and others
1512CD 355 O3C/BHUNCT-27
09 I'2db 3 60 03C-24M

Electrodes for welding high-alloyed corrosion-resistant steels and alloys are shown in Table 2.12.

Table 2.12
Types of electrodes for corrosion-resistant steels and alloys
Electrode type by
Steel grade welded TOCT 10052-75 ( electrode brands)
08X18I'SH2T 9-07X20H9 (O3JI-8, AHB-29), 05X22HS5T2b (0O3J1-40) TVY-14-168-43-80, DA
08X22H6T 08X20H9I2b (03JI-7, IJI-11, JI-38M), D-08X19H10I"26(AHB-23, IIT-15)

12X18H9, 08X18H10

9-07X20H9(03JI-8), 9-04X20H9(03J1-36)

12X18H9T, 08X18H10

9-07X20H9(03JI-8,AHB-29)

12X18H10T, 08X18H12b,3-04X20H9(03JI-36), 2-08X20H9I2b(03J1-7, L1JI-11, JI-38M, JI-40M, AHB-35), O+
10X18H9TJI 08X19H10I"2b(AHB-23, I1T-15)
03X18H11 3-02X19H9B5(AHB-13)3a TV,
3-02X21H10I'2(03J1-22)
03X19AT'3H10 3-02X19H9B5(AHB-13) 3a TY
10X19T'14H4T 3-03X15H9AT'4(AHB-24)

03X13AI'19, 07X13AI"20

9-07X20H9(03J1-8, ABH-29), 9-04X20H9(03JI-36)
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2.2.6. Simplification of weld seam designation

Some simplifications are allowed in the designation of welds:

1) if several identical welds are shown in the drawing, they are assigned the same number as on the
shelf of the line-footnote instead of the symbol; the full symbol is written only for one of these welds,
indicating the number of welds and their sequence number (Figure 2.21)

T'OCT 5264-80-T1-N3_]

e

Nel
Nel

1OCT 5264-80-Y6-N\3

Fig. 2.21. Simplification of weld seam designation

5y
R

If all the seams are the same, then no sequence number is assigned, and the line-notes are made
without shelves, except for the seam on which the symbol is written (Figure 2.22).

FOCT 5264-80-K5-M5Q /

Fig. 2.22. Simplification of weld seam designation

2) if all welds in the drawing are made according to one standard, the standard number is not
indicated in the symbol for each weld, and an entry is made in the technical requirements such as
«Welds...according to...» or in the table;

3) in the drawing of a symmetrical product, it is allowed to mark with lines-extensions and mark
the seams on one of the symmetrical parts (Figure 2.23);

4) if the product has several identical component parts that are welded with the same seams, it is
allowed to mark the seams only in one of the parts shown (Figure 2.24)
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T'OCT 5264-80-Y6-N\4

— ——

| | |
| f |
| | |

T'OCT 5264-80-Y3-\6

-

Fig. 2.23. Simplification of weld seam designation

T'OCT 5264-80-T3-I\ 5]

Fig. 2.24. Simplification of weld seam designation

5) it is allowed not to mark the seams in the drawing with the help of the lines, but to indicate welding
by an entry in the technical requirements, if such an entry unambiguously determines the place and methods

of welding, types of seams, their location and dimensions of structural elements in cross-section, for
example: «Welds at TOCT 5264-80-T7-\d»y,

2.3. Detachable joints

2.3.1. Thread types

A metric thread (Figure 2.25) is characterized by a profile angle of 0= 60°. The most common metric
threads are those with diameters from 1 to 600 mm. The main feature of the metric thread profile is that its
vertices are cut off along the inner diameter of the nut at a distance of H/4, and along the outer diameter of
the bolt at a distance of H/8 from the top of the theoretical profile.

The following standards have been established for metric threads: ICTY I'OCT 16093:2018 - for
the profile of the thread in pitch from 0.075 to 6 mm; I'OCT 8724-2002 - for diameters and pitches.

The symbol for metric threads includes the letter M, nominal diameter, pitch (for small pitch threads),
and the letters LH for left-hand threads. For example, a thread with a nominal diameter of 24 mm with a
large pitch is designated M24; a thread of the same diameter with a small pitch of 1.5 mm is designated
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M24x1.5; left-handed threads of the same diameter with a large and small pitch are designated M24LH and
M24x1.5LH, respectively.

The following are added to the symbol for a metric multi-tap thread: the stroke value and,
in parentheses, the letter P with the pitch value. For example, a metric three-thread thread with a
nominal diameter of 24 mm, a stroke of 3 mm and a pitch of 1 mm is designated M24x3(P1); a
thread with the same parameters but left-handed is designated M24x3(P1)LH.

Table 2.13
Nominal diameters and pitches of metric threads

Dimensions in millimeters

Nominal diameter of the thread d Steps. P
Istrow | 2strow 3st row Big Small
2 - - 0,4 0,25 - - - -
- 2,2 - 0,45 0,25 - - - -
2,5 - - 0,45 0,35 - - - -
- - 0,5 0,35 - - - -
- 3,5 - (0,6) 0,35 - - - -
4 - - 0,7 0,5 - - - -
- 4,5 - (0,75) 0,5 - - - -
5 - - 0,8 0,5 - - - -
- - (5,5) - 0,5 - - - -
6 - - 1 0,75 0,5 - - -
- - 7 1 0,75 0,5 - - -
8 - - 1,25 1 0,75 0,5 - -
- - 9 (1,25) 1 0,75 0,5 - -
10 - - 1,5 1,25 1 0,75 0,5 -
- - 11 (1,5) 1 0,75 0,5 - -
12 - - 1,75 1,5 1,25 1 0,75 0,5
- 14 - 2 1,5 1,25 1 0,75 0,5
- - 15 - 1,5 (1) - - -
16 - - 2 1,5 0,75 0,5 - -
- - 17 - 1,5 (1) - - -
- 18 - 2,5 2 1,5 1 0,75 0,5
20 - - 2,5 2 1,5 1 0,75 0,5
- 22 - 2,5 2 1,5 1 0,75 0,5
24 - - 3 2 1,5 1 0,75 -
- - 25 - 2 1,5 (1) - -
- - (26) - 1,5 - - -
- 27 - 3 2 1,5 1 0,75 -
- - (28) - 2 1,5 1 - -
30 - - 3,5 3) 2 1,5 1 0.75
- - (32) . 2 1,5 - - -
- 33 - 3,5 3) 2 1,5 1 -
- - 35 - 1,5 1,25 - - -
36 - - 4 3 2 1,5 1 -
- - (38) - 1,5 - - - -
- 39 - 4 3 2 1,5 1 -
- - 40 3) 2 1,5 - -
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Table continuation 2.13

Nominal diameter of the thread d Steps. P
Ist row 2strow | 3strow Big Small
42 - - 4,5 @) 3 2 LS |1}
- 45 - 4,5 4 3 2 LS |1}
48 - - 5 4 3 2 LS |1}
- - 50 - 3) 2) 1,5 - - |-
- 52 - 5 4 3 2 LS |1}
- - 55 - @) 3) 2 LS |-
56 - - 5,5 4 3 2 LS |1}
- - 58 . 4 3) 2 LS |-
- 60 - (5,9) 4 3 2 LS |1}
- - 62 . 4 3) 2 LS |-
64 - - 6 4 3 2 LS |1}
- - 65 . @) 3) 2 LS |-
- 68 - 6 4 3 2 LS |1}
- - 70 - (6) 4 3) 2 |15
72 - - - 6 4 3 2 |1L501
- - 75 - 4) 3) 2 LS |-
- 76 - - 6 4 3 2 LIt
- - (78) - 2 - - - - |-
80 - - - 6 4 3 2 LIt
- - (82) - 2 - - - - |-
- 85 - - 6 4 3 2 |1,5-
90 - - - 6 4 3 2 |15
- 95 - - 6 4 3 2 |1,5-
100 - - - 6 4 3 2 |1,5-

The metric tapered thread is produced with a taper of 1:16 and a nominal diameter of 6...60 mm. It
is intended for tapered threaded connections, as well as for connecting an external tapered thread with an
internal cylindrical thread having a nominal profile in accordance with JJCTY 'OCT 16093:2018.

The conventional designation of the thread consists of the letters MK (for tapered threads) or M (for
internal cylindrical threads), the nominal pitch diameter and the number of the tapered thread standard (only
for internal cylindrical threads): MK16x1.5; M16x1.5 TOCT 25229-82.

The conventional designation of a tapered threaded connection corresponds to the one used for a
tapered thread, for example, MK16x1.5. The connection of an internal cylindrical thread with an external
tapered thread is indicated by the M/MK ratio, nominal diameter, pitch and the number of the tapered thread
standard: M/MK16x1.5 TTOCT 25229-82 or, if the thread is left-handed, M/MK16x1.5LH I"'OCT 25229-
82.

Cylindrical pipe threads are used in cylindrical threaded connections, as well as in connections of an
internal cylindrical thread with an external tapered thread. The profile and main dimensions of the thread
are specified in TOCT 6357-81, where the following notations are used (Figure 2.26): d is the outer diameter
of the outer thread (pipe); d; is the inner diameter of the outer thread; d, is the average diameter of the outer
thread; D is the outer diameter of the inner thread; D, is the inner diameter of the inner thread (coupling);
D is the average diameter of the inner thread (coupling); P is the thread pitch; H is the height of the initial
triangle; H; is the working height of the profile; R is the radius of curvature of the apex and the trough.

The designation of a cylindrical pipe cutter consists of the letter G, the size of the cutter in inches,
and the accuracy class of the medium diameter. As always, the designation is supplemented by the letters
LH for left-handed threads.
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Examples of symbolic notation:

* 1 % pipe cylindrical thread, accuracy class A — G 1 %-A;

* 1 ' cylindrical pipe thread, left-hand, accuracy class B— G 1 %2 LH-B.

The fit is denoted by a ratio, the numerator of which is the accuracy class of the internal thread and
the denominator is the accuracy class of the external thread: G 1 % — A/A; G 1 % LH-A/B.

The connection of an internal pipe cylindrical thread of accuracy class A according to TOCT 6357-
81 with an external pipe tapered thread according to TOCT 6211-81 is designated as follows: G/R 1 %-A.

The pipe tapered thread has a taper of 1:16 and is used in tapered threaded connections, as well as
for connecting an external tapered thread to an internal cylindrical thread. The profile and main dimensions
of the thread comply with TOCT 6211-81.

The conventional symbol of a thread consists of the letters R (for tapered outer thread), Rc (for
tapered inner thread), Rp (for cylindrical inner thread) and the thread size. The designation of the left-hand
thread is supplemented by the letters LH.

Examples of symbols:

External pipe tapered thread 1%5: R1%%;

internal pipe tapered thread 1%2: Rcl’s;

internal pipe cylindrical thread 1'%” (with tolerances according to TOCT 6211-81): Rp1';

left-hand thread: R)2LH; Rc’2LH; RplY2 LH

B

%?;//‘//\'.J-Wf B 7% -C/‘;,}}':’I”S
K} o °E = K
5 |9 = T Dweadaxis W %‘H\&MML

Figure 2.25. Metric thread profile Figure 2.26. Metric thread profile

A threaded connection is designated by the ratio of the internal thread designation (numerator) to the
designation of the external thread (denominator) and the size of the thread:

—pipe tapered thread (internal- external) - Rc/R1% ;

—internal pipe cylindrical thread of accuracy class A (I'OCT 6357-81) and external pipe tapered
thread - G/R Y4-A, G/R1%LH-A

A trapezoidal thread is a type of running thread. Its main purpose is to transmit movement in the
forward and reverse directions and to transmit forces along the axis. The thread can be made in single or
multi-pass. The basic profile common to external and internal threads and the dimensions of its elements
(Figure 2.27) are established by TOCT 9484-81.

The following dimensional designations are used: d - outer diameter of the outer thread (screw); D -
outer diameter of the inner thread (nut); d> . D> are the average diameters of the outer and inner threads,
respectively; d; , Dy are the inner diameters of the outer and inner threads, respectively; P is the thread
pitch; H is the working height of the original triangle; H is the working height of the profile.

The trapezoidal single-step thread is used for diameters of 8...640 mm. Its main dimensions for these
diameters are set by TOCT 24737-81, and nominal diameters and pitches are regulated by TOCT 24738-
81. The symbol for a single-step trapezoidal thread consists of the letters Tr, the nominal diameter of the
thread pitch, and the designation of the middle diameter tolerance field (a number indicating the degree of
accuracy and a letter indicating the main deviation).
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Examples of symbolic notation:

Trapezoidal single-step external thread with a diameter of 50 mm and a pitch of 8 mm is Tr50x8-7e;

thread with the same parameters, internal — Tr50x8-7H;

thread with the same parameters for threaded connections - Tr50x8-7H/7e.

The nominal diameters, pitches, strokes and tolerances of trapezoidal multi-tap threads are set forth
in TOCT 24739-81, and their profile in TOCT 9484-81.

he symbol for a trapezoidal multi-pass thread consists of the letters Tr, nominal diameter, stroke
value, the letter P with the pitch value in parentheses, and the letters LH for the left-hand thread. For
example, Tr20x8(P4) is a trapezoidal multi-thread with a nominal diameter of 20 mm, a stroke of 8§ mm
and a pitch of 4 mm. Left-hand thread with the same parameters: Tr20x8(P4)LH.

The thrust thread (Figure 2.28) and its parameters (profiles, diameters, pitches and main dimensions)
are regulated by 'OCT 10177-82.

The following designations are used for elements of this type of thread: d, D are the outer diameters
of the outer thread (screw) and inner thread (nut), respectively; dz, D> are the average diameters of the outer
and inner threads, respectively; D is the inner diameter of the inner thread; P is the thread pitch; H is the
height of the initial triangle; H; is the working height of the profile; ds is the inner diameter of the outer
thread; h; is the height of the profile of the outer thread; ac is the gap at the top of the thread; R is the radius
of curvature in the hollow of the outer thread.

The symbol of the stop thread consists of the letter S, the nominal diameter and the pitch value:
S50x8. For the left-hand thread, the letters LH: S50x8LH. The stroke value and the letter P and the pitch
value are added to the symbol of the multi-pass stop cutter in parentheses. For example, S50x20(P10) is a
two-step thread with a pitch of 8 mm and a stroke of 20 mm. A left-hand thread with the same parameters
is designated S50x20(P10)LH.

The reinforced thrust thread according to TOCT 13535-87 has a 45° and 3° inclination of the profile
sides. This is a single-step thread with diameters of 80...2000 mm. The symbols for this thread include the
letter S, 45° inclination angle, nominal diameter, and pitch: S45 200x12.

Round threads for sanitary fittings are characterized by a profile, main dimensions and tolerances
established by TOCT 13536-68. The thread is intended for spindles, valves, mixers and toilet taps (TOCT
19681-94). The symbol for a round thread consists of the letters Kr, nominal diameter, pitch designation
and standard designation: Kp12x2.54 TOCT 13536-68

AP AS LA LSS ELLS,
Internal thread
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Fig. 2.27. Trapezoidal thread Fig. 2.28. The thrust thread
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2.3.2. Thread images on drawings

JICT 2.311-68 establishes the rules for depicting threads and applying their designations in
drawings.

A thread on a rod is depicted by solid (main) lines along its outer diameter and by solid thin
lines along its inner diameter (Figure 2.29, a). The thread in the hole is shown by the main lines
along its inner diameter and by solid thin lines along the outer diameter (Figure 2.29, b).

In the images obtained by projection onto a plane parallel to the axis of the rod or hole, a continuous
thin line shall be drawn along the entire length of the cut without overlap, and in the images obtained by
projection onto a plane perpendicular to the axis of the rod (hole), an arc open at any point, approximately
equal to % of the circumference, shall be drawn along the inner (outer) diameter with a continuous thin line
(Figure 2.29). When depicting a cut, the thin line is applied from the main line at a distance of not less than
0.8 mm and not more than the size of the cut pitch.

An invisible thread is represented in the drawing by a dashed line of equal thickness along the outer
and inner diameters (Figure 2.30, a). The line that defines the edge of the thread is drawn on the rod and in
the hole at the end of the full profile of the thread (before the start of the match). The cut boundary is shown
along the outer diameter line and is represented by the main solid thick line (Figure 2.30, b) or a dashed
line if the cut is shown as invisible (Figure 2.31).

Hatching in sections and cross-sections is carried out to a continuous baseline, that is, to the line of
the outer diameter of the thread on the rod and the inner diameter in the hole (Figure 2.31). As a rule, the
lengths of the threads on the rod and in the hole are shown without coincidence of the threads (Figure 2.32,
a ). If necessary, the lengths of the threads are shown with the coincidence, and the dimensions are given
as shown in Figure 2.32, . The coincidence of the cut is depicted as a solid thin straight line (Figure 2.32,
b, 2.33, a, ¢). The image of the undercut of the cut is shown in Figure 2.33, a, ¢. The undercut may be
depicted as shown in Figure 2.33, b, d.

b b
Fig. 2.29. Depiction of cutters: Fig. 2.30. Depiction of cutters:
a—on arod, b — in the hole a — invisible thread, b — thread border
A
A-A A
et = —t——1 &
o 7
A, 1
s A
a b

Fig. 2.31. Depiction of cutters:
a — in the hole, » — on arod
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Fig. 2.32. Thread length:
a — in the hole, » — on arod

t ) )
75 !

a b c d

Fig. 2.33. Image of the undercut:
a,b—onarod, ¢, d —in the hole

The main plane of the tapered thread on the rod is shown, if necessary, as a solid thin line (Figure
2.34, a). In drawings where no thread is made, the end of a blind tapped hole may be shown as shown in
Figure 2.34, b, ¢, even if there is a difference between the depth of the hole and the length of the thread.
Chamfers that do not have a special structural purpose on the rod and in the tapped hole shall not be shown
in the projection onto a plane perpendicular to the axis of the rod or hole. A continuous thin line of the
image of the cut on the rod shall intersect the line of the chamfer boundary (Figure 2.35).

A A

77

Fig. 2.34. Image of a tapered thread on a rod:
a — main area, b — no threading is performed

A thread with a non-standard profile (Figure 2.36) is depicted with all the dimensions required for
its manufacture — pitch, recess width, outer and inner diameters, maximum deviations, etc. In addition to
these parameters, the drawing shows additional data on the number of turns and direction (for the left-hand
thread).

In the sections of a threaded connection, only the part of the thread that is not covered by the rod cut
is shown in the image on a plane parallel to its axis in the hole (Figure 2.37).

When a thread is cut, a special technological element is made on the rod and in the hole to allow the
threading tool to exit —a groove (an annular groove on the rod or an annular gouge in the hole - Tables 2.14
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and 2.15). Cut designations in the drawings are shown in accordance with the relevant dimensional and
tolerance standards and refer to the outer diameter of the cut for all cuts (Figure 2.38), except for tapered
and cylindrical pipe cuts. The dimensions of overlaps, undercuts and flutes for external and internal metric
cuts must comply with TOCT 27148-86 (Figure 2.39).

Fig. 2.35. Image of chamfer on the rod and in the hole

Double-start left thread

QRN

I- ! l "l."l."l.. I
I-- T T e T T

RN
Thres-start thread

Fig. 2.36. Image of a thread with a non-standard profile

Fig. 2.37. Image of threaded connection sections
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Fig. 2.38. Thread designation in drawings

Type 1

Fig. 2.39. Image of external and internal metric thread grooves
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Sizes of grooves and chamfers of external metric threads

Table 2.14

Dimensions in millimeters

Type 1
Thread Groove Type 2 Chamfer c Undercut
pitch P Normal Narrow Dr
F R | R f TR IR F & Type 1 | Type 2 | Normal | Reduced
0,4 1,01 03102 - - - - - d-0,6 0,3 - 1,0 0,8
0,45 1,01 03102 - - - - - d-0,7 0,3 - 1,0 0,8
0,5 16 | 05 103 |10 ] 03 | D? - - d-0,8 0,5 - 1,6 1,0
0,6 1,66 105103]10]03]0,2 - - d-0,9 0,5 - 1,6 1,0
0,7 20/05]103|16]05]0,3 - - d-1,0 0,5 - 2,0 1,6
0,75 20105]103[16]05]03 - - d-1,2 1,0 - 2,0 1,6
0,8 30110051 1,6 05103 - - d-1,2 1,0 - 3,0 1,6
1,0 30110105120 [1,0[05] 3,6 | 2,0 d-1,5 1,0 2,0 3,0 2,0
1,25 40110(05(25]10]05| 44 | 25 d-1,8 1,6 2,5 4,0 2,5
1,5 40110]05(125]10]05]| 46 | 25 d-2,2 1,6 3,0 4,0 2,5
1,75 40110(05]125]10]05]| 54 | 3,0 d-2,5 1,6 3,5 4,0 2,5
2,0 50116 05]30]10]05] 56 | 3,0 d-3,0 2,0 3,5 5,0 3,0
2,5 6,016 10]40[10]05] 73 | 40 d-3,5 2,5 5,0 6,0 4,0
3,0 6,016 110]40[10]05] 76 | 40 d-4,5 2,5 6,5 6,0 4,0
3,5 80120 10|50]1,6]05] 102 ] 55 d-5,0 2,5 7,5 8,0 5,0
4,0 80120 10|50]1,6]05] 103 ] 55 d-6,0 3,0 8,0 8,0 5,0
Table 2.15
Sizes of grooves and chamfers of internal metric threads
Dimensions in millimeters
Type 1
Thread Groove Type 2 Chamfer c Undercut
pitch P Normal Narrow df
F R R F R R F & Type 1|Type 2| Normal | Reduced
0,4 - - - - - - - - - 0,3 - 2,0 1,8
0,45 - - - - - - - - - 0,3 - 2,0 1,8
0,5 2 05103 ] 1003 02 - - d+0,3 | 0,5 - 3,5 3,0
0,6 - - - - - - - - - 0,5 - 3,5 3,0
0,7 - - - - - - - - - 0,5 - 3,5 3,0
0,75 3,0 1,0 105 ] 16 ] 05 ] 03 - - d+0,4 1,0 - 4,0 3,2
0,8 - - - - - - - - - 1,0 - 4,0 3,2
1,0 4,0 1,0 105120105103 36 |20] d+0,5 1,0 2,0 5,0 3,8
1,25 5,0 16 105130 ] 10] 05| 45 | 25| d+0,5 1,0 2,0 5,0 3,8
1,5 6,0 16 1 10 130 ] 10 ] 05| 54 | 3,0 | d+0,7 1,6 2,5 6,0 4,5
1,75 7,0 1,6 | 1,0 1 40 | 1,0 | 05| 62 | 3,5 | d+0,7 1,6 3,0 7,0 52
2,0 80 |20 |10 |40 10|05 ] 65 |35 ]d+1,0] 2,0 3,0 8,0 6,0
2,5 10,0 1 30 | 1,0 | 50 | 1,6 | 05 | 89 |50 | d+t1,0 | 25 4,0 10,0 7,5
3,0 10,0 | 30 [ 1,0 | 60 | 1,6 | 1,0 | 11,4 | 6,5 | d+1,2 | 2,5 4,0 - 9,0
3,5 100 | 30 [ 1,0 | 70 | 1,6 | 1,0 | 13,1 | 7,5 | d+1,2 | 3,0 5,5 - 10,5
4,0 120 | 30 [ 1,0 | 80 | 20 | 1,0 | 43 | 80 | d+1,5 | 3.0 5,5 - 12,5
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2.3.3. Fastening threaded parts
2.3.3.1. Technical requirements for fasteners

I'OCT 1759.0-87 establishes requirements for the mechanical properties of fasteners, types and
symbols of coatings for them, marking, packaging of products and their symbols.

The accuracy of fasteners can be coarse (class C), normal (class B), and high (class A). Fasteners are
produced uncoated or coated. The thickness of the coating for a particular type of material is selected in
accordance with TOCT 9.303-84.

If the individual parts of an assembly are joined together with screws or pins, a smooth through hole is
made in one of the parts. If you use bolted or riveted connections, you must make through smooth holes for
the fasteners in both parts to be joined. The diameters of the holes for fasteners are chosen slightly larger
than the nominal diameters of the fasteners to ensure free assembly at the specified accuracy. Table 2.16
shows the diameters of through holes for fasteners in accordance with TOCT 11284-75.

Table 2.16
Diameters of holes for fasteners

Dimensions in millimeters

Diameters of the rods | Diameters of through holes | Diameters of the rods of| Diameters of through holes

of fasteners Ist line| 2st line | 3st line fasteners Ist line | 2st line | 3st line
2,0 2,2 2,4 2,6 18 19 20 21
2,5 2,7 2,9 3,1 20 21 22 24
3,0 3,2 3,4 3,6 22 23 24 26
4,0 4,3 4,5 4.8 24 25 26 28
5,0 5,3 5,5 5,8 27 28 30 32
6,0 6,4 6,6 7,0 30 31 33 35
7,0 7,4 7,6 8,0 33 34 36 38
8,0 8,4 9,0 10,0 36 37 39 42

Continuation of the table 2.16

Diameters of the rods | Diameters of through holes | Diameters of the rods of| Diameters of through holes

of fasteners Ist line| 2st line | 3st line fasteners Ist line | 2st line | 3st line
10,0 10,5 11,0 12,0 39 40 42 45
12,0 13,0 14,0 15,0 42 43 45 48
14,0 15,0 16,0 17,0 45 46 48 52
16,0 17,0 18,0 19,0 48 50 52 56

2.3.3.2. Conventional designations of fasteners

According to TOCT 1759.0-87, full symbols for bolts, screws and studs made of carbon steels of
strength classes 4...8 and 04 and fasteners made of non-ferrous metals are given in the following diagram:

Bolt A2M20x1.5-LH-6gx60.58.5.029 'OCT....,

Where A — accuracy class; 2 — version; M20 — thread diameter, mm; 1.5 — small thread pitch, mm;
LH — thread direction; 6g — thread tolerance field; 60 — bolt length, mm; 58 — strength class (no dot between
the numbers) or group; C — indication of the use of calm steel; 02 — numerical designation of the type of
coating; 9 — coating thickness, um; OCT... — the number of the standard for the design and dimensions of
the part.

The designation does not include version 1, large cut pitch, right-hand cut, no coating, parameters
that are clearly defined by the standards for specific fasteners, or accuracy class B if the standard for specific
fasteners provides for two accuracy classes (A and B). To indicate that a product is made of automatic steel,
the letter A is placed after the number indicating the strength class.

If the standard for specific fasteners provides for three accuracy classes, the corresponding letter
should be put in the symbol before the performance (A - increased accuracy class, B - normal, C - coarse).
Technical requirements for bolts, studs and nuts with a thread diameter of more than 48 mm are set out in
I'OCT 18126-94.
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The symbols for bolts, studs and nuts with a thread diameter of more than 48 mm include the
following data: part name; accuracy class; version (version 1 is not shown); thread diameter; thread pitch
(large is not shown); thread diameter tolerance margin; bolt or stud length; material group; indication of
the use of calm steel; type of coating; coating thickness; design standard number; part dimensions.

2.3.4. Design and dimensions of elements of fastening threaded products

The basic dimensions of hexagonal bolt heads, screws and screws, as well as hexagonal nuts, are set
forth in TOCT 24671-84.

2.3.4.1. Bolts

A bolt is a cylindrical rod with a head at one end and a thread at the other. A nut is screwed onto the
threaded part of the bolt. Bolts are distinguished by: the shape and size of the head, the shape of the rod,
the pitch of the thread, the nature of the design (Figure 2.40, 2.41, 2.42), and the accuracy of manufacturing.

15..30"
r

Execution ]

e 4[5
N ']
0,=1090...095)5

Execution 2

@

Execution 3

Execution 4

I

by<085
K, by=(02_.04)K,

ds

Execution 3

Fig. 2.40. Bolts of accuracy class (normal, coarse)
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Fig. 2.41. Bolts with hexagonal head shape

Depending on the working conditions and purpose, bolt heads can have hexagonal, semicircular, and
countersunk shapes. Bolts with hexagonal and hexagonal reduced heads and hexagonal reduced head and
guide subhead are produced in normal, increased and coarse accuracy (accuracy classes B, A, C,
respectively). They differ in the cleanliness classes of the threaded surface, cylindrical rod, and head support
surface. Figure 2.40 shows bolts of accuracy class B (normal accuracy) and shows bolts of accuracy class
C (coarse accuracy).
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Fig. 2.42. Bolts with semicircular head shape
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Depending on the working conditions and purpose, bolt heads can have hexagonal, semicircular, and
countersunk shapes. Bolts with hexagonal and hexagonal reduced heads and hexagonal reduced head and
guide subhead are produced in normal, increased and coarse accuracy (accuracy classes B, A, C,
respectively). They differ in the cleanliness classes of the threaded surface, cylindrical rod, and head support
surface. Figure 2.40 shows bolts of accuracy class B (normal accuracy) and bolts of accuracy class C (coarse
accuracy).

Depending on the version, the bolts can be made with a cotter pin hole in the rod or with two holes
in the head. To ensure the exact relative position of the parts, bolts are provided with a hexagonal reduced
head for reamer holes. Semicircular head are made with a whisker, and bolts with an enlarged semicircular
head are made with a whisker or a square subhead. Countersunk head bolts can also be with a whisker or
with a square socket head, and enlarged countersunk head bolts can be with a square socket head. Bolts
with semicircular and enlarged semicircular heads, as well as countersunk and enlarged countersunk heads,
are made of accuracy class C. Tire bolts are made with a thread with a diameter of M10 of accuracy clas.

The design and dimensions of bolts are determined by state standards. For example, bolts with a
hexagonal head:

accuracy class B

(execution 1...4) I'OCT 7798-70
accuracy class A

(execution 1...4) I'OCT 7805-70
accuracy class C

(execution 1) I'OCT 15589-70

All types of bolts are manufactured with a metric thread, which is obtained by tapping or rolling.
Hexagonal head bolts (Table 2.17) can have large or small pitch threads; however, the standard
provides for only one large pitch for each diameter.

Examples of conventional symbols:

version 1 bolt, thread diameter d=20 mm, length L=90 mm, large thread pitch, tolerance ficld 6g,
strength class 5.8, uncoated-

Bolt M20-6gx90.58 TOCT 7798-70;

bolt version 3, thread diameter d = 20 mm, length L = 90 mm, with a small thread pitch, with a
tolerance field of 6g, strength class 10.9, made of 40X steel, coated with 01, 9 microns thick-

Bolt3M20x1.5-6gx90.109.40X.019 'OCT 7798-70

In engineering practice, special bolts are also used, for example, folding, foundation, and eyebolts.

Table 2.17
Basic dimensions of hexagonal head bolts (I'OCT 7798-70)

Dimensions in millimeters

d S H D r b [
6 10 4 10,9 0,25-0,6 18 8-90
8 13 5,5 14,2 0.4-1.1 22 8-100
10 17 7 18,7 7 26 10-150
12 19 8 20,9 30 14-150
14 22 9 23,9 0,6-1,6 40 16-150
16 24 10 26,2 38 20-150
18 27 12 29,6 42 23-150
20 30 13 33,3 46 25-150
22 32 14 35 0.8-2,2 54 30-150
24 36 15 39,6 35-150
27 41 17 45,2 1027 65 35-150
30 46 19 50,9 T 66 40-150

Notes: Bolt lengths 1 are selected from the following range: §; 10; 12; 14; 16; [20; 25; 30; 35; 40; 45; 50; 55; 60;

65; 70; 75; 80; 90; 100; 110; 120; 130; 140; 150]

(20-75) endingin0i5

(80 — 150) ending in 0.
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2.3.4.2. Studs

A threaded part, which is a cylindrical rod with a thread at both ends, is called a stud. Studs are
available in accuracy classes A and B in two versions. The diameter of the rod of studs of version 2 is
approximately equal to the average diameter of the thread.

Conventional designations of stud elements (Figure 2.43, Table 2.18): d — nominal diameter of the
thread; P — thread pitch; d1 — diameter of the rod; 1 — length of the stud; 11 — length of the screwed-in
threaded end; 10 — length of the threaded end of the nut. Length 11 depends on the material of the part into
which the stud is screwed. For hard materials 11 is equal to d and 1.25d, for soft materials - 1.6d, 2d, 2.5d.

IroCT 22032-76 TOCT 22033-76

. /Ra6.3 \/Ra6,3 \/Ra6,3 /Ra3,2
-
s : s 4 s, =d
l, l
, ! l, [
roCT 22034-76 TOCT 22035-76
\/Rab.3 \/Ra6,3 Ra6,3 \/Ra3,2
= S I s | M 1 g, =7,25d
, l,
l l l, [
rOCT 22036-76 I'OCT 22037-76
. /Ra6,3 +/Ra6,3 /Ra6,3 \/Ra3,2
S — S — d— | ?,=76a
50 50
l, l L !
TOCT 22038-76 T'OCT 22039-76
\/Rab,3 \/Ra6,3 /Ra6,3 Ra3,2
~ ~
=H — SH — 1| {, =2d
Ly Lo
, l A l
TOCT 22040-76 TOCT 22041-76
3 )
Rab,3 \/Ra6,3 Ra6.3 \/Ra3,2
) 3 {,=2,5d
Z, Z,
L, ! 7, [

Fig. 2.43. Conventional designations of studs
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small one at the nut end.

Stud designs and dimensions are defined by standards:

With screwed end of length d:

accuracy class B
the same, A

With screwed end 1.25 d long:

accuracy class B
the same, A

With screwed end 1.6 d long:

accuracy class B
the same, A

With a screwed end 2 d long:

accuracy class B
the same, A

With a screwed end 2.5 d long:

accuracy class B
the same, A

For parts with smooth holes :

precision class B
same, A

I'OCT 22032-76
I'OCT 22033-76

I'OCT 22034-76
I'OCT 22035-76

I'OCT 22036-76
I'OCT 22037-76

I'OCT 22038-76
I'OCT 22039-76

I'OCT 22040-76
I'OCT 22041-76

I'OCT 22042-76
I'OCT 22043-76

Studs in accordance with TOCT 22032-76... TOCT 22041-76 are manufactured with a nominal
thread diameter of 2...48 mm: with a large thread pitch at the nut and screwed ends; with a small thread
pitch at the screwed end and a large one at the nut end; with a large thread pitch at the screwed end and a

Basic dimensions of studs ('OCT 22032-76.... TOCT 22041-76)

Dimensions in millimeters

Table 2.18

d S di | Li=d | L=125d | =164 | ;=2d | 1,=25d
big small
2 0,4 - 2 3 3 3,2 4 5
2,5 0,45 - 2,5 3 4 4 5 6
3 0,5 - 3 3 4 5 6 7,5
4 0,7 - 4 4 5 6,5 8 10
5 0,8 - 5 5 6,5 8 10 12
6 1 - 6 6 7,5 10 12 16
8 1,25 1 8 8 10 14 16 20
10 1,5 1,25 10 10 12 16 20 25
12 1,75 1,25 12 12 15 20 24 30
(14) 2 1,5 14 14 18 22 28 35
16 2 1,5 16 16 20 25 32 40
(18) 2,5 1,5 18 18 22 28 36 45
20 2,5 1,5 20 20 25 32 40 50
(22) 2,5 1,5 22 22 28 35 44 55
24 3 2 24 24 30 38 48 60
(27) 3 2 27 27 35 42 54 68
30 3,5 2 30 30 38 48 60 75
36 4 3 36 36 45 56 72 88
42 4.5 3 42 42 52 68 84 105
48 5 3 48 48 60 76 95 120
Notes: 1. The length of the studs 1 is selected from the following range: 10; 12; 14; 16; (18); 20; (22); 25; 28; 30;
(32); 35; (38); 40; (42); 45; (48); 50...120 with an ending in 0 or 5.

Threads - according to TOCT 24705-81, thread tolerance field 6g - according to 'OCT 16093-81,
thread matches - according to TOCT 27148-86. Technical requirements - according to TOCT 1759.0-87.
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Examples of conventional symbols:

Stud with screwed end, length d, accuracy class B (I'OCT 22032-76), version 1, with a thread
diameter d = 20 mm and a large pitch P = 2.5 mm, tolerance field 6g, length 1 = 150 mm, strength class
5.8, uncoated

Stud M20-6g x 150.58 TOCT 22032-76.Stud with screwed end 2.5 d long, accuracy class B, version
1, with thread diameter d = 20 mm, with small pitch P = 1.5 mm at the screwed end, with large pitch
P =2.5 mm at the nut end, with a tolerance field of 6g, length 1 = 160 mm, strength class 6.6 with a coating
of 0.5.

Stud M20 x 1.5 /2.5-6g x 160.66.05 I'OCT 22040-76.

2.3.4.3. Nuts

A nut is a product that has a threaded hole for screwing onto a bolt or stud. Nuts are classified
according to their surface shape, design, thread pitch, and manufacturing accuracy.

Hexagonal nuts, round nuts, cap nuts and wing nuts are distinguished by their surface shape.
Hexagonal nuts are the most widely used, and they are manufactured in accuracy classes A, B, C (high,
normal, and coarse accuracy). The accuracy class determines the cleanliness of the individual nut surfaces.

Hexagonal nuts (Table 2.19) are divided by design into ordinary, slotted and crowned, normal, low,
high and extra high (Figure 2.44).

Table 2.19
Dimensions of hexagonal nuts of accuracy class B ('OCT 5915-70)

Dimensions in millimeters

Nominal Thread pitch P
thread big small S e da ymin I m
diameter d
1,6 0,35 - 3,2 33 1,6...1,84 2,9 0,1..0,2 1,3
2 0,4 - 4 4,2 2..23 3,6 0,1..0,2 1,6
2,5 0,45 - 5 53 2,5..29 4,5 0,1...0,3 2
3 0,5 - 5,5 5,9 3..345 5,0 0,1...0,4 2,4
3.5 0,6 - 6 6,4 3,5..4 5,4 0,15...04 2,8
4 0,7 - 7 7,5 4..4,6 6,3 0,15...04 3,2
5 0,8 - 8 8,6 5..5,75 7,2 0,15...0,5 4
6 1 - 10 10,9 6...6,75 9,0 0,15...0,5 5
8 1,25 1 13 14,2 8...8,75 11,7 0,15...0,6 6,5
10 1,5 1,25 17 18,7 10...10,8 15,5 0,15...0,6 8
12 1,77 1,25 19 20,9 12...13 17,2 0,15...0,6 10
(14 2 1,5 22 23,9 14...15,1 20,1 0,15...0,6 11
16 2 1,5 24 26,2 16...17,3 22,0 0,15...0,6 13
(18) 2,5 1,5 27 29,6 18...194 24,8 0,15...0,6 15
20 2,5 1,5 30 33 20...21,6 27,7 0,2...0,8 16
(22) 2,5 1,5 32 35 22..23.8 29,5 0,2...0,8 18
24 3 2 36 39,6 24...259 33,2 0,2...0,8 19
27 3 2 41 45,2 27..29,2 38,0 0,2...0,8 22
30 3,5 2 46 50,9 30..324 42,7 0,2...0,8 24
36 4 3 55 60,8 36...38,9 51,1 0,2...0,8 29
42 4,5 3 65 71,3 42..454 59,9 0,2...0,8 34
48 5 3 75 82,6 48...51,8 69,4 0,25...0,8 38
INotes:
1. Nuts with dimensions in parentheses are not recommended.
2. Thread — according to TOCT 24705-81, technical requirements — according to TOCT 1759-87.
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Execution m=05d
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Fig. 2.44. Types of hexagon nuts

According to the nature of the design, nuts can be of three types: version 1 - with two external conical
chamfers, version 2 - with one external conical chamfer, version 3 - with a cylindrical or conical protrusion
on one end and without external chamfers (Figure 2.45).

The design and dimensions of nuts are defined by standards. For example:

Hex nuts:

accuracy class B TOCT 5915-70
same, A I'OCT 5927-70
same, C I'OCT 15526-70

Examples of conventional symbols:

Nut version 1, with thread diameter d=16 mm, large thread pitch and tolerance field 6H, strength
class 5, uncoated

Nut M16-6N.5 of TOCT 5915-70;

the same, version 2, with a small cut pitch and a 6H tolerance field, strength class 12, made of 40X

steel grade, with coating 01, 9 microns thick
Nut 2M16x1.5-6N.12.40X.019 I'OCT 5915-

5 30°
Execution 1 Fxecution 2 Execution 3
_F N J
; o B .
L -Th = - S ~ W - -
S
m S -

Fig. 2.45. Types of hexagon nuts
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2.3.4.4. Screws

A screw is a cylindrical rod with a head at one end and a thread for screwing into one of the parts to
be joined at the other. According to their purpose, screws are divided into fastening and installation screws.
Fastening screws are used for detachable connection of parts, and set screws are used for mutual fixation.

Examples of conventional symbols:

The design and dimensions of the screws are shown in Figure 2.46 and in Tables 2.20 and 2.21

Fig. 2.46. Pan head screw

Examples of conventional symbols:

Cylindrical head screw (I'OCT 1491-80) of accuracy class A, with thread diameter d = 8 mm, large

thread pitch and tolerance field 6g, length 1 = 50 mm, normal thread length b = 22 mm, strength class 4.8,
uncoated

Screw A. M8-6g x 50.48 I'OCT 1491-80;

the same, accuracy class B, with a small cut pitch, increased cut length b = 34 mm, with a 6 um thick
zinc coating, chromated

Screw B. M8 x 1-6g x 50-34.48.016 I'OCT 1491-80.

Table 2.20
Basic dimensions of cylindrical head screws (TOCT 1491-80)

Dimensions in millimeters

Nommatlhtj;le;r ofthe )4 | s 6 8 [ 10 | 12 | 14 | 16 | 18 | 20
Thread pitch big 0,7 0,8 1 1,25 1,5 1,75 2 2 2,5 2,5
P small - - - 1 1,25 1,25 1,5 1,5 1,5 1,5
Head diameter D 7,0 8,5 10,0 | 13,0 | 16,0 | 18,0 | 21,0 | 24,0 | 27,0 | 30,0
Head height & 2,6 3,3 3,9 5,0 6,0 7,0 8,0 9,0 10,0 | 11,0
Thread of elongated 22 25 28 34 40 46 52 58 64 70
cutting b normal 14 16 18 22 26 30 34 38 42 46
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Table 2.21
Standard lengths of cylindrical head screws

Dimensions in millimeters

Nominal screw Nominal diameter of the thread d

length / 4 5 6 8 10 12 14 16 18 20

2 N _ N N _ _ N _ _ N

(2,5) - - - - - - - - - -

3 N B N N B B N B B N

3.5 - - - - - - - - - -

4 - R R - - R - - R

5 _ N N _ _ N _ _ N

6 - - - - - - - -

(7) . : : . : : .
8

9 N - - N - - N
10 - - - - - - -
11 - - - - - - -

12 ; 3 - : : )
(13) - - - - - -
14

16 - - - - - -
(18) - - - -
20

(22) - - - -
25 - - -
(28) - - -
30 - -
(32) - -
35 Standard -
(38) length -
40

Notes.

1. It is not recommended to use the screw lengths in brackets.

2. The extended length of the thread is more acceptable.

3. Screws with a rod length shorter than the length of the thread, taking into account the undercut, are
manufactured with threads along the entire length of the rod.

2.4.4.5. Washers

These parts are installed under the nut or bolt head to prevent the material from scoring and crushing
during tightening, as well as to prevent the fastener from self loosening. Washers are divided into round,
locking, etc.

The design and dimensions of washers are defined by standards. For example:

122



1. Round washers (Figure 2.47) — T'OCT 11371-78 (Table 2.22).

Examples of conventional symbols:

washer version 1 for fasteners with a diameter of 14 mm, a thickness specified in the standard, made
of material 01, with a coating of group 01, 6 microns thick.
Washer 14.01 .016 TOCT 11371-78

Execution 1 Execution 2
cx45°
< | s =<' —+ |+ =
ex45°
S S

Fig. 2.47. Round washers

Table 2.22
Dimensions of round washers of accuracy class C and A ('OCT 11371-78)

Dimensions in millimeters

Diameter of the
thread the d; d, S e C
fastening part
1 1,1 3,5 0,3 0,08...0,15 0,15
1,2 1,3 4 0,3 0,08...0,15 0,15
1,4 1,5 4 0,3 0,08...0,15 0,15
1,6 1,7 4 0,3 0,08...0,15 0,15
2 2,2 5 0,3 0,08...0,15 0,15
2,5 2,7 6,5 0,5 0,13...0,25 0,25
4 4,3 9 0,8 0,2...04 0,4
3 3,2 7 0,5 0,13...0,25 0,25
5 5,3 10 1,0 0,25...0,5 0,5
6 6,4 12,5 1,6 0,4...0,8 0,8
8 8,4 17 1,6 0,4...0,8 0,8
10 10,5 21 2,0 0,5...1 1
12 13 24 2,5 0,6...1,25 1,25
14 15 28 2,5 0,6...1,25 1,25
16 17 30 3,0 0,75...1,5 1,5
18 19 34 3,0 0,75...1,5 1,5
20 23 37 3,0 0,75...1,5 1,5
22 23 39 3,0 0,75...1,5 1,5
24 25 44 4,0 1...2 2
27 28 50 4,0 1...2 2
30 31 56 4,0 1...2 2
36 37 66 5,0 1,25...2,5 2
42 43 78 7,0 1,75...3,5 2,1
48 50 92 8,0 2.4 2,4
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2. Spring washers (Figure 2.48) — TOCT 6402-70 (Table 2.23).

Execution 1 Execution 2

V/iateriisd

) A K
| T
hy o
=
m £ 0,95 max Bo=(25+2k)*15%
hy =252 15%
Fig..2.48. Spring washers
Table 2.23
Spring washers (I'OCT 6402-70)
Dimensions in millimeters
Nominal thread Types of washers
diameter of d Lightweight washers Normal Heavy Extra heavy k, not more
bolt, screw, stud washers (H) | washers (B) | washers (OB) than
b s b=s b=s b=s
2 2,1 0,8 0,5 0,5 0,5 0,6
2,5 2,6 0,8 0,6 0,6 0,6 0,8
3 3,1 1,0 0,8 0,8 0,8 1,0
3,5 3,6 1,0 0,8 1,0 1,0 -
4 4,1 1,2 0,8 1,0 1,0 1,4 0,15
5 5,1 1,2 1,0 1,2 1,2 1,6
6 6,1 1,6 1,2 1,4 1,4 2,0 0.2
7 7,2 2,0 1,6 2,0 2,0 - ’
8 8,2 2,0 1,6 2,0 2,0 2,5 03
10 10,2 2,5 2,0 2,5 2,5 3,0 ’
12 12,2 3,5 2,5 3,0 3,0 3,5 0,4
14 14,2 4,0 3,0 3,2 4,0 4,5
16 16,3 4,5 3.2 3,5 4,5 5,0
18 18,3 5,0 3,5 4,0 5,0 5,5 0,4
20 20,5 5,5 4,0 4,5 5,5 6,0
22 22,5 6,0 4,5 5,0 6,0 7,0
24 24,5 6,5 4,8 5,5 7,0 8,0 05
27 27,5 7,0 5,5 6,0 8,0 9,0 ’
30 30,5 8,0 6,0 6,5 9,0 10,0
33 33,5 10,0 6,0 7,0 - -
36 36,5 10,0 6,0 8,0 10,0 12,0
39 39,5 10,0 6,0 8,5 - - 0,8
42 42,5 12,0 7,0 9,0 12,0 -
45 45,5 12,0 7,0 9,5 - -
48 48,5 12,0 7,0 10,0 - -

Notes:
Spring washers can be manufactured in four types:
H — normal with a square cross section;
B — heavy with a square cross section;
OB — extra heavy with a square cross section;
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Examples of conventional symbols:

washer version 1 for bolt, screw, stud with a diameter of 8 mm:

normal steel grade 3X13 uncoated

Washer 8 3X13 I'OCT 6402-70

lightweight of steel grade 65G with a 9 um thick chromated cadmium coating
Washer 8L 65G 029 'OCT 6402-70

2.4. Assembly drawings

2.4.1. Contents of the drawings

According to 'OCT 2.109-73, the assembly drawing contains:

e — an image of the assembly unit, which gives an idea of the location and interconnection of the
components that are connected according to this drawing and provide the ability to assemble and control
the assembly unit (it is allowed to place additional schematic images of connections and the location of the
components of the product);

e — dimensions with maximum deviations and other parameters and requirements that are fulfilled
and controlled according to this assembly drawing (it is allowed to indicate the dimensions of parts and
maximum deviations that determine the nature of their conjugation as reference);

e — instructions on the nature of the mating of detachable parts of the product and on the methods of
its implementation, if the accuracy of the mating is ensured not by the specified maximum dimensional
deviations, but by selection, fitting, etc. (instructions may be given on the method of connecting non-
detachable parts);HoMepH MO3ULIN CKIIAZOBUX YaCTHH, SKi BXOISTH 10 BUPOOY;

— overall dimensions of the product;

— installation, connection and other reference dimensions;

— technical characteristics of the product (if necessary);

— coordinates of the center of mass (if required).

If the technical characteristic of the product and the coordinates of the center of mass are specified
in other design documents for this product (for example, in a dimensional drawing, technical specifications,
etc.), they are not included in the assembly drawing.

2.4.2. Development of drawings

The completeness of the product image in the assembly drawing depends on the presence of the
necessary views, sections, sections, and external elements. The number of views required is determined
based on the complexity of the product.

The number of views should be minimal, but sufficient to provide a complete picture of the product
structure. To reduce the number of main views, it is recommended to use local and additional views.

In most cases, assembly drawings are made with cuts that allow you to identify the nature of the
connection of parts. Simple and complex, full and local sections are used. If the depicted product is
projected in the form of a symmetrical figure, then it is advisable to combine half of the view with half of
the section or part of the view and part of the section in one image.

Often, cuts include solid parts (shafts, bolts, keys, pins, etc.) that are in contact with other parts of
the product. When cross-sectioned in the longitudinal direction, such parts are conventionally shown uncut
and not shaded.

Movable parts of the product are generally shown in the working position in the drawings. They may
also be shown in the end or intermediate position by using a thin dashed line with two points. The drawing
shall be marked with the appropriate dimensions characterizing the different positions of the parts to be
moved. If the depiction of these parts makes it difficult to read the drawing, they may be depicted in
additional views with appropriate labels (for example, «End position of the caliper, item 3»).

125



2.4.3. Conventions and simplifications in the execution of drawings

Assembly drawings should be made, as a rule, with simplifications that meet the requirements of the
standards.

Assembly drawings may not show:

— chamfers, grooves, roundings, protrusions, recesses, corrugations, notches, braids and other small
elements;

— gaps between the hole and the rod that enters the hole;

— covers, shields, enclosures, partitions, etc., if it is necessary to show the components of the product
covered by them; in this case, a corresponding inscription is made above the image (for example,
«Handwheel item 5 is not showny);

— visible component parts of products that are located behind a mesh or partially covered by
component parts located in the front;

— inscriptions on plates, branded strips, scales, and other similar parts, as well as marking technical
data and inscriptions on the product (only the outline of the plate, strip, or scale is drawn).

Products made of transparent material are depicted as opaque. Component parts of products and their
elements located behind transparent objects may be depicted as visible (scales, dials, instrument hands,
internal structure of lamps, etc.).

Products located behind the helical spring shown in the sectional drawing are drawn conventionally
only to the axial lines of the cross-section of the spring coils, taking into account that the spring covers the
parts of the product located behind it.

In sections of the assembly drawing, it is permissible to depict uncut components of products for
which there are independently drawn assembly drawings.

Standard, purchased, and other products shall be depicted with external contours. It is allowed to
simplify the external contours of objects without depicting small protrusions, recesses, etc.

In assembly drawings with images of several identical component parts (wheels, support rollers,
etc.), it is allowed to show a full image of one part, and to give simplified images of other parts in accordance
with the above requirements.

A welded, brazed, or glued product made of a homogeneous material is drawn as a monolithic body
in sections and cross-sections when assembled with other products, i.e., in one direction, showing the
boundaries between parts as solid main lines (Figure 2.49). The boundaries between the parts can be
omitted, i.e., the structure can be represented as a monolithic body.

Seals in assembly drawings are allowed to be depicted conditionally, showing the direction of its
action with an arrow (Figure 2.50)

Fig. 2.49. Hatching when Fig. 2.50. Symbolic representation of seals
drawing a welded, soldered or in assembly drawings
glued product made of
homogeneous material
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2.4.4. Dimensioning

The product is marked on the assembly drawing:

e overall dimensions, which characterize the height, length and width of the product or its largest
diameter; if any dimension is variable due to the movement of a part of the mechanism, the drawing
indicates the dimensions at the extreme positions of the moving parts;

e installation and connection dimensions, which show the location and dimensions of the elements
in relation to which the product is installed at the installation site or connected to another product (diameters
of center circles and bolt holes, distances between mounting holes, distances between axes of foundation
bolts, etc;) indicating these dimensions, the location coordinates and dimensions with maximum deviations
of the elements used to connect to the products to be joined are indicated; if the external connection is made
by gears, the module, number and direction of the teeth are indicated;

¢ assembly dimensions, which indicate the interconnection of parts and their relative position in the
assembly unit (for example, the distance from the product axis to the plane on which it is mounted,
mounting gaps, etc.); these dimensions are also given with maximum deviations;

e operational dimensions that indicate the design and construction characteristics of the product (e.g.,
diameters of bore holes, thread sizes on connecting fittings, wrench dimensions, modulus and number of
teeth, etc.).

If necessary, the designer shows some characteristic structural or design dimensions on the product
drawing to check them against the dimensions on the part drawings. As a rule, the dimensions of individual
parts or elements are not shown on the assembly drawing, since the finished parts are delivered for
assembly. Dimensions, installation, connection, operating, and those that characterize the position of
moving parts of the product are for reference and are marked with an asterisk.

In the assembly drawing, mark the dimensions of the holes for bolts, screws, pins, and rivets, if these
holes are made during assembly.

If it is necessary to show the position of the center of mass of the product, the corresponding
dimensions are given in the drawing and the inscription «C.M.» is placed on the shelf of the line-extension.
The lines of the centers of mass of the component parts of the product are drawn with a dashed line, and
the inscription «C.M. line» is made on the shelf of the line-extension.

2.4.5. Application of item numbers of component parts

The component parts of an assembly unit are numbered according to the item numbers specified in
its specification, i.e., first fill out the specification and then transfer the item numbers to the assembly
drawing of the product.

The item numbers are placed on the shelves of the footnote lines, which are drawn as thin solid lines
and end with a thickening in the form of a dot on the part image. Position the item numbers parallel to the
main drawing label outside the image contour and group them in a row or column, if possible on the same
line. Footnote lines are drawn away from those images in which the component part is projected as visible,
in preference to the main views or sections placed in place of the main views.

As a rule, a part number is indicated once in a drawing. Repeated designation of item numbers for
identical parts of the product is allowed. The font size used to write the item numbers should be one or two
numbers larger than the font used for dimensional numbers in this drawing. Footnote lines should not, if
possible, be parallel to the hatching lines of sections and cross-sections and should not intersect each other.

It is permissible to draw a common line with a vertical arrangement of item numbers for a group of
fasteners (bolt, nut, washer) that relate to the same fastening point and for a group of parts with a clear
relationship if the line cannot be drawn from each component part (Figure 2.51). In these cases, the lead
line is drawn from the fastening component.
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Fig. 2.51. Drawing a general leader line with a vertical arrangement
of item numbers for a group of fasteners

If there are two or more fasteners and different component parts are fastened with the same parts, the
number of fasteners may be indicated in parentheses after the number of the corresponding item and
indicated only for one unit of the fastening component part, regardless of the number of these component
parts in the product.

It is also possible to draw a general line for individual component parts of the product if they are
difficult to depict graphically. In this case, these component parts are not shown in the drawing, their
location is determined by means of a line from the visible component part and the technical requirements
contain a corresponding indication (for example, «Harnesses of item 10 under the brackets are wrapped
with pressing span of item 18»).

2.4.6. Performing individual views of assembly drawings

If the assembly drawing of the product includes parts for which no working drawings have been
issued, the image or technical requirements provide additional data to the information specified in the
specification that is necessary for the manufacture of these parts (surface roughness, shape deviations, etc.).

In assembly drawings of single products, it is allowed to provide data on the preparation of edges for
permanent connections (welding, brazing, etc.) directly on the image or as a separate element (Figure 2.52),
if this data is not provided in the detail drawings.

Afl...)

Fig. 2.52. Drawing of data on edge preparation for non-separable joints

Component parts of the product for which it is allowed not to produce drawings can be accounted
for in two ways: as parts with a designation and name or as materials without a designation and name with
an indication of length, weight and other parameters.

If a certain section material is specified for the manufacture of a part of a simple configuration
(without the production of an independent drawing for it) according to an assembly drawing, the
corresponding dimensions of the part are given in the specification. When there is no need to specify a
sectional material for a part, all dimensions are placed on the image of the part, and only the material grade
is indicated in the specification.

If a part has a complex configuration and significant dimensions and is connected to a part of a less
complex configuration and smaller dimensions by pressing, soldering, welding, riveting or other similar
methods, then, provided that the quality of the drawing and the production capabilities are maintained, it is
allowed to place all dimensions and other data necessary for the manufacture and control of the main part
on the assembly drawings of products and to issue drawings only for less complex parts. The name and
designation of the main part is written in accordance with the general rules.
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A reinforced part is an assembly unit made by surfacing a metal or alloy onto a part or by filling the
surfaces of a part with metal, alloy, rubber, plastic, etc. A reinforced part consists of reinforcement and
filler or welded material. The assembly drawing of a reinforced part shows the shape and dimensions for
all elements of the product in its final form, indicates the dimensions of surfaces or elements to be surfaced,
and provides other data necessary for manufacturing and inspection.

Based on this data, the forming surfaces of the die and punch were designed with consideration for
material shrinkage. The drawing of the reinforced part contains additional images of elements that are not
visible on the main projections, with the corresponding dimensions. The drawing often contains instructions
for additional machining of individual elements of the part.

A specification is drawn up for the reinforcing part as an assembly unit, which is usually made on
the same sheet as the drawing. If a separate drawing is made for a reinforcement, such as a handle rod, the
dimensions of this part are not marked on the assembly drawing. The welded metal, alloy, plastic, rubber
or other materials used to fill the reinforced parts are recorded in the assembly unit specification in the
«Materials» section, indicating their weight in the «Quantity» column.

2.4.7. Requirements for specifications

The specification is the main design document. In general, a specification consists of sections that
are arranged in the following sequence:

1) documentation; 2) assembly units; 3) parts; 4) standard products; 5) materials. The presence of
certain sections depends on the composition of the specified product. The name of each section, which is
underlined, looks like a heading in the «Name» column.

Let's consider the content and procedure for filling out each section.

The «Documentatio» section includes the main set of design documents for the specified product
(except for its specification), a list of operational documents and a list of repair documents, as well as the
documents of the main set that are recorded in the specification of non-specified component parts, except
for their working drawings.

In this section, documents for specified products are recorded first, followed by documents for non-
specified components. The order of recording documents within the product designation corresponds to the
sequence in which they are listed in TOCT 2.102-68.

In the «Format» column, indicate the dimensions of the formats according to TOCT 2.301-68 on
which the part drawings or other design documents are made, the designations of which are recorded in the
«Designation» column. If the document is executed on several sheets of different formats, an asterisk is
placed in the «Format» column, and all formats are listed in the «Note» column in ascending order. Do not
fill in this column for documents recorded in the Standard Products, Other Products, and Materials sections.
For parts for which no drawings have been issued, indicate in the column: «WD».

In the «Item number» column, enter the serial numbers of the component parts that are directly
included in the specified product, following the sequence in which they are written in the specification. For
the «Documentation» and «Kits» sections, the column is not filled in.

In the column «Designation» indicate:

— in the section «Documentation» - designation of the recorded documents;

— in the sections «Complexes», «Assembly units», «Parts» and «Kits» — designations of the basic
design documents for the products recorded in these sections, and for parts for which no drawings have
been issued - the designation assigned to them.

In the sections «Standard productsy», «Other productsy», and «Materials», the «Designation» column
is not filled in. If design documentation has been issued for the manufacture of a standard product, the
designation of the issued design document is entered in the Designation column.

In the «Name» column write down:

— in the «kDocumentation» section for documents that are part of the main set of documents for the
specified product — only the names of the documents (for example, «Assembly drawingy», «Dimensional
drawing», «Technical specificationsy);

—in the sections «Assembly Unitsy», «Parts» — the names of products in accordance with the main
inscription on their main design documents, and for parts for which no drawings have been issued - their
name and material, as well as the dimensions required for manufacture;
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— in the section «Standard Products» — names and designations of products in accordance with the
standards for them:

— in the «Materials» section — the designation of materials established by standards or specifications
for these materials; if a number of products and materials are recorded that differ in size and other data, but
are used according to one document (and are recorded in the specification after the designation of this
document), then it is allowed to record the general part of the name of these products or materials with the
designation of the specified document in each specification sheet once in the form of a general name
(heading); for each of these products and materials, only their parameters and dimensions are recorded
under the general name; this simplification is not allowed to be used when the main parameters or
dimensions of the product are indicated by only one number or letter; in these cases, the entry is made as
follows: «washers of TOCT 18123-82»; «washer 3»; «washer 4», etc.

In the column «Quantity» indicate:

— for component parts of the product that are recorded in the specification — the number of them per
one specified product;

— in the «Materials» section — the total amount of materials for one specified product with indication
of units of measurement; units of measurement may be recorded in the «Note» column in the immediate
vicinity of the «Quantity» column.

After each section of the specification, several free lines are left for additional entries (depending on
the stage of development, the volume of entries, etc). It is also allowed to reserve the item numbers that are
entered in the specification by filling in the reserve lines.

When filling out the specification, it is allowed to combine it with the assembly drawing, provided
that they are placed on an A4 sheet (TOCT 2.301-68). In this case, the specification is placed above the
main inscription and filled in in the same order and form as the specification made on separate sheets. The
combined document is assigned the designation of the main design document, i.e. the specification. The
main inscription is made in accordance with TOCT 2.104-68 (Figure 2.2).

2.5. Working drawings of parts

2.5.1. General requirements

A part is a product made of a material of a homogeneous type and grade. It is made without the use
of assembly operations.

A part is manufactured according to a working drawing or sketch.

A working drawing of a part is a document that contains an image of the part and other data necessary
for manufacturing and inspection.

A working drawing of a part must have:

a) a minimal but sufficient number of images (views, sections, cross-sections, and extensions) that
fully reveal the shape of the part;

b) required dimensions with their maximum deviations;

¢) requirements for surface roughness;

d) designation of the maximum deviations of the shape and location of surfaces;

¢) data on the material, heat treatment, coating, finishing that the part must have before assembly;

f) technical requirements, etc.

Requirements for working drawings of parts are given in OCT 2.109-73.

The main ones are as follows:

1) a separate drawing is made for each part on sheets of the established format according to TOCT
2.301-68. The drawing must contain the main inscription in accordance with 'OCT 2.104-68. The name of
the part in the main inscription is written in the nominative singular. If the name consists of several words,
the first name is a noun, for example; «Gear wheel»;

2) the main inscription shall indicate the designation of the material from which the part is made and
the standard number of this material;

3) the mass of the part is indicated in the main inscription in kilograms without specifying the unit
of mass, for example: 4,25. This number means that the mass of the part is 4.25 kg;

4) the drawing of the part is made to scale in accordance with TOCT 2.302-68;
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5) the working drawing shall indicate the dimensions, maximum deviations, surface roughness and
other data that the part must have before assembly;

6) parts made of transparent materials are depicted as opaque;

7) working drawings for standard parts are not made;

8) reamings are depicted in the drawings of parts of complex configuration made of sheet steel.
Only those dimensions that cannot be indicated on the image of the finished part are shown.

2.5.2. Designation of materials in the drawings

Material designations are divided into two groups according to their content:

a) designations that contain only a qualitative characteristic of the material of the part;

b) designations that contain not only a qualitative characteristic of the material, but also a
characteristic of the profile of the section material from which the part is made.

Designations containing only a qualitative characteristic: this group includes designations of
materials for parts whose design is determined by the drawing. For such parts, the designation does not
provide for the use of long products, i.e., materials with a specific profile and dimensions (round, square,
hexagonal, strip, angular, etc.).

Material designations that characterize only its quality shall include: name and grade of material;
number of the standard that contains the full characteristics of the specified grade of material.

Conventional designations that also contain a description of the profile of a section material shall
include: quality characteristics of the material; name of the section material, dimensional and quality
characteristics of the profile; number of the state standard that specifies all requirements for the profile.

Examples of part material symbols:

1. Carbon steel of ordinary quality — St3 of TOCT 380-2005. The number 3 indicates the serial
number of the steel.

2. Structural quality carbon steel — Steel 20 of TOCT 1050-88; Steel 40G of TOCT 1050-88.

The numbers 20, 40 indicate the average carbon content in hundredths of a percent, the letter «G»
indicates an increased manganese content.

3. High-quality steel — Steel 30XNZA I'OCT 4543-71.

The first two digits indicate the carbon content in hundredths of a percent; the letters indicate the
name of the additive (X — chromium, N — nickel, S — silicon, M — manganese, etc.). The number next to the
letter on the right indicates the percentage of the additive. If the additive does not exceed 1%, the number
is not indicated in the designation. The letter A, which is indicated at the end of the designation, indicates
high quality steel.

4. Hot-rolled steel hexagonal profile in accordance with TOCT 2879-88 (turnkey size) 22 mm, steel
grade 25 in accordance with TOCT 1050-88:

22TOCT 2879-88
25T0CT 1050-88

Hexagon

5. From a square bar with a side of 40 mm in accordance with TOCT 2591-88, steel grade 20 in
accordance with TOCT 1050-88:

4TOCT 2591-88
20 'OCT 1050-88

Sguare

6. From a round bar of @20 mm in accordance with TOCT 2590-88, steel grade Ct3, manufactured
in accordance with the technical requirements of TOCT 535-2005:

20 TOCT 2590-88

Circle =3T6CT 5352005
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7. From a strip 10 mm thick, 70 mm wide, made of strip steel of TOCT 103-76, steel grade Ct3,
manufactured in accordance with the technical requirements of TOCT 535-2005:

Srin 10X70TOCT 103-76
P &3 TOCT 535-2005

8. From an equilateral angle with dimensions of 50x50x3 mm in accordance with TOCT 8509-93,
steel grade Ct3, manufactured in accordance with the technical requirements of TOCT 535-2005:

50x50x3 'OCT 8509-93
C13 T'OCT 535-2005

An equilateral corner

9. From the dvotavr I-beam No. 16 in accordance with TOCT 8239-89, steel grade Cr5, supplied
according to the technical requirements of TOCT 535-2005:

16 TOCT 8239-89
Cr5 T'OCT 535—-2005

Dvotavr

10. From schweller No. 12 in accordance with TOCT 8240-97, steel grade Ct4, manufactured in
accordance with the technical requirements of TOCT 535-2005:

12 TOCT 8240—-97
Ct4 T'OCT 535—-2005

Schweller

Control questions

Which drawing is called a working drawing?
Types of images and their number in the working drawing?
What are the dimensions of the working drawing?
What dimensions are put on the assembly drawing?
What simplifications and conventions are used in the implementation of the assembly drawing?
What types of welded joints exist and how are they indicated in the drawings?
What simplifications are used in the designation of welds?
What are the features in the designation of invisible welds?
How are threaded and threaded connections depicted and labeled in the drawings?
. What simplifications are used to depict connections with standard threaded products?
. For which parts in the assembly drawing are drawings or sketches made?
When a drawing or sketch is not made for a non-standard part?
. How are materials designations made in the drawings?

W RN RN =

ke
W= O
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3. GRAPHIC PRACTICUM

3.1. Aims and objectives of graphic practicum

Aims — to acquire knowledge, skills and abilities to read working assembly drawings and drawings
of products made with both detachable and non-detachable connections, and to draw them using computer
graphics, using knowledge and skills in further education and future professional activities.

Tasks — using your knowledge of engineering and computer graphics, move on to the execution of
drawings of products manufactured using both non-detachable and detachable assembly operations,
constantly improving your ability to work with a graphic editor of computer graphics.

3.2. Setting tasks

3.2.1. Task 1. «Frame»

According to the scheme shown in Figure 3.1 (Frame assembly scheme) and Table 3.1 of the
options, determine the dimensions of the elements of the product «Framey. Create an assembly drawing of
the product «Framey», draw up a specification for the product, and develop working drawings of the
component parts using a computer graphic editor.

Table 3.1
Task variants

Dimensions in millimeters

Variant number a b c d Schweller number
1 300 400 350 450 12
2 250 300 300 500 12
3 200 250 320 400 10
4 400 300 350 300 18
5 250 200 250 200 12
6 300 250 250 450 14
7 350 350 200 300 16
8 400 250 400 400 14
9 500 500 400 400 18
10 400 500 300 350 16
11 350 400 500 500 10
12 250 400 350 300 14
13 300 400 350 450 14
14 250 300 300 500 10
15 200 250 320 400 12
16 400 300 350 300 16
17 250 200 250 200 10
18 300 250 250 450 10
19 350 350 200 300 14
20 400 250 400 400 18
21 500 500 400 400 16
22 400 500 300 350 18
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Continuation of the table 3.1

Variant number a b c d Schweller number
23 350 400 500 500 14
24 250 400 350 300 10
25 300 400 350 450 16
26 250 300 300 500 14
27 200 250 320 400 14
28 400 300 350 300 14
29 250 200 250 200 14
30 300 250 250 450 12

NeT'OCT 8240-97
C13nc3 I'OCT 535-2005

Material schweller:

12
1 \Rz20 12
Q et
= tﬁ‘ ™ T ANRz20
- B B =y i
i T E i ;'
(. I :
& holes Drom. :1' :
el =t 10
25 £ D
[
<L | b 10 10
! ! --C? Tt __}- [ _1[_“_€;_ _______ “_}-.
)
b o d 25
B

Fig. 3.1. Frame assembly scheme

The profile of rolled products and their structural elements are shown in Figure 3.2 and Table 3.2
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Fig. 3.2. Schweller

Table 3.2
Main dimensions of the schweller profile

Dimensions in millimeters

Schweller A m s " Do R - ;
number
10 100 46 4,5 30 11,0 7 3 7,6
12 120 52 4,8 30 17,0 7,5 3 7,8
14 140 58 4,9 35 17,0 8 3 8,1
16 160 64 5,0 35 20,0 8,5 3,5 8,4
18 180 70 5,1 40 20,0 9 3,5 8,7

Slope of the inner surface of the shelf 4+10%
Recommendations for execution

1. Study the product diagram and find out the design features of each part.

2. Find out the list of parts that do not require the production of working drawings.

3. Calculate the dimensions of the parts in accordance with the specified parameters and mark the
dimensions.

4.  Make a specification for the product.

5. Perform a prefabricated drawing of the product with the specified number of types according
to the task.

6.  Determine the types of welds and mark them on the drawing according to the standard.

7. ldentify the components of the product according to the specification.

8.  Depict the dimensional lines and put the necessary dimensions, identifying among them the
working and reference ones.

9.  Make cuts along the specified cross-sectional planes.

10. Perform surface machining after welding and annealing the product.

3.2.2. Task 2. «Pneumatic cylinder»

According to the scheme shown in Figure 3.3 (Scheme of the pneumatic cylinder) and Figure 3.4
(Structural elements of the product) and tables 3.3 and 3.4 of the options, make drawings of the components
of the product «Pneumatic cylinder», draw up a specification and make a assembly drawing of the product,
using the recommended conventions and simplifications. Perform the task usinga computer graphic editor.
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Fig. 3.3. Scheme of the pneumatic cylinder

136



X(...)

SH @

I3

é\ %Y

TN

H(...

7

o..Hil

U770

o.Hil
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Table 3.3

Pneumatic cylinders without braking, with external thread on the rod end, with metric connection thread, piston diameter D=40...320 mm

Dimensions in millimeters

D, S
Designation of the deviation deviatio Stroke of
gha D d v d, d ds A B |1 || L |m]| k| nh| K |K]| 02 the piston
cylinders limits n limits L
h8 h12
1 2 3 4 5 6 7 8 9 10 [ 11 | 12 )13 14 | 15 ] 16 |17 18 19
1011-040 40 12 45 M8 M6 42 55 20 | 20 | 20 4 98 [127| 10 | 40...160
1011-050 50 MI12*1,5 52 70 12,5 12 40...125
1011-063 03 16 52 M10 M8 0 73 251 24| 25 5 106 |143| 14 20 125
1011-80 80 MI12*1,5 M8 75 92 28 | 12,5 110 (150 40...160
25 65 Mil16 32 | 28 13 22
1011-100 100 M12*1,5 MI10 92 115 35 12,5 5 | 110|160 40...160
1011-125 125 32 75 M16*1,5| M20 M12 110 140 | 40 | 35 | 42 | 15 | 18 120 |180| 27 | 40...250
1011-160 160 40 85 M16*1,5| M24 M16 140 180 | 50 | 38 | 52 | 15 | 22 120 |193| 36 | 40...250
1011-200 200 50 110 |M18*1,5| M30 172 220 45 | 62 |17,5| 29 | 8 | 132 (220| 45 50...250
M20 60
1011-250 250 60 115 |MI18*1,5| M36 210 | 275 55| 70 |17,5] 35 150 |245| 55 50...360
1011-320 320 80 135 | M24*1,5| M48 M24 265 345 | 80 | 77 | 80 | 20 | 55 | 10 | 160 ({270| 75 50...400
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Standard products

Table 3.4

Wash
Diameter of the|Nut GOST| [0 . O\Z%S}ézgz_ Screw TOCT 1491-80 CuffTOCT |Ring TOCT| CuffTOCT | Ring TOCT | Nut TOCT
piston 5915-70 | 11371.78 70 6678-72 9833-73 6678-72 9833-73 | 5915-70
D,mm (pos.1) (p0s.2) (pos.19) (pos.3) (pos.7) (pos.9) (pos.12) (pos.13) (pos.15)
40 M6 6 6 M4x10.56.019 10403 | 03404036 |  2-12-3 005-008-19 M8
50 1-050-3 | 044-050-36 | 2-16-3 008-012-25 | MI0
M4x10.56.019
63 M8 8 8 10633 | 057-063-36 |  2-16-3 00801225 |  MI0
80 10803 | 07408036 |  2-25-3 01401825 | MI6
100 M10 10 10 M5%12.56.019 1-100-3 | 094-100-36 | 2-25-3 01401825 | MI6
125 M12 12 12 11253 | 118-125-46 |  2-32-3 018-02225 |  M20
160 M16 16 16 M6¥14.56 019 1-160-3 | 150-160-46 |  2-40-3 020-025-30 | M24
200 Va0 0 0 12003 | 190-200-46 | 2-50-3 026-032-36 | M30
250 M8+%20.56.019 1-250-3 | 240-250-58 | 2-63-3 034-040-36 | M36x3
320 M24 24 24 13203 | 310-320-58 | 2-80-3 044-050-36 | M48x3
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Rings for pneumatic cylinders D=40...320 mm (pos. 4) Covers for pneumatic cylinders D=40...320 mm (pos. 5)

Ve (/) Vret0 (/)

Ra3,2

R0O.5
Zom8.¢3 I | HA f \/ Ral,6 @
s g I
i ‘K 7104514]
v ;I I oy Hk/mre S|
‘ i J Ra1,6
DI 0.5x45°
= A 2gacku
D2 [
!
03 o f—
5 D, D D S f gz {4)2 DZ 11)5 d | d ! 7 h D, |
40 13 19 25.5 0 g : i 13 8 | 9 | 3 |35
T ———— e
%0 26 34 415 6 | 10| 11 4 Take
125 | 48 | 72 | 58 | 33 :
125 33 40 47.5 10 160 53 %4 70 1 7 1 B 4 5 accordingly
160 41 48 57.5 : ! 1 1 1 Table 3.5
200 51 6l 69.5 200 70 1(1)2 88 54 " 12
250 64 70 82.5 go 180 i 19164 61 9 1 45 6
320 81 90 99.5 320 | 100 | 13 8 3 145

GOST 19903-74

1. Material: sheet 53 COST 1463789 1. Material: steel 35 GOST1050-88
JT14

JT14

2. Unspecified maximum dimensional deviations: H14,h14, + 2. Unspecified maximum dimensional deviations: H14,h14, £
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Front covers for pneumatic cylinders D=40, 50 and 63 mm (pos. 6)

Rz40
r—r VRzZ0(V/)
12,5
o 20
N
% Mi2x1,9 IR 0,031K HAl0.021E /_ domb.M4
RO,5 7 Fo.5 r I'_
|
R10 e N\ /\/E ez (N
B .Z- .4»0,16 ;U & == &3
3 ;
2 Qi i Q“’|_ Zia oo —H- s f
* Ral,25 ﬁ l ’ e >
\Rz20 E THESI0 |
Nz 0,5x45" [ ]
Aot E ; 40mB.d [[
21 mo.a,
71605 % 5 4@acku | N
l2) 08K }
10 !
/s 220 A
12 | B
/
° | o Ds devlizljtion D b
deviation limits| deviation | Dy limits Ds A B d; Lo L b I3 h*0? r |deviation] R a |deviation
h8 limits HS H7 limits h8 limits h12
40 45 26 26 22 34 42 55 7 42 12 7,5 27 16 6 Take
50 52 70 8 accordingly
63 52 32 34 28 40 60 73 9 43 15 8 35 14 9 Table 3.6
T14

1. Material: aluminum alloy D1 TOCT 4784-97 2. Unspecified maximum dimensional deviations: H14,h14, £ T
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Front covers for pneumatic cylinders D=80, 100 and 125 mm (pos. 6)

[ =] Q/ (V )
m
1 [1]0.05]K]
o Pal” Ros [
. : F0.02]g] ds -
—
=i (oL \/Ral,6 \ Vi
. d n u ) L/
i
L, 1<t , 4omB.M5
__bQ_“’{‘hd 19 S s la B@20 |
D 2
01,25 N \FZ30 a E!
- 220 = E] X< D
M M 0.5045" /%RJ & 280 , Ry = N :¥7
20 4@acki %
2 packd v I 0,5 N
% (Z1005TX] —fareeee] - (k] 4omb.d)
RO
§% 0 A EREEER N
R\/ L 12 &2
P / 14 B
S r_r:__ \/Rz20
Z E T s
D |D2 D3 D5 D]
deviation | deviation | D, | deviation | Ds|D7|Ds| D9 |Djg| A |A;| B | R|R;| b |b'|b; d di| d> |ds| [ |1} m ht02| S| a |deviation Roloa;|hi | R;3
limits h8 | limits H8 limits H7 limits h8
*] 5.
80 | 65| 42 |42 37 |s2|72|50|62 (20|75 |28] 92 1257 -] - MléHl’S 9 (10,5/17]45| 5 [12,5]3.5 |30] -
M12*1,5- Take
100 | 65 42 42 37 5217216882 (120192 |36(115{12(10]| 8 | 8 |24 6H, 11(10,5|23145| 5 (12,5(3,512(30° accordingly
M16*15- Table 3.6
125 | 75 48 50 44 58(82(90(105|24(110|48(140|16{10(10|10(32 6H, 13114,3| - |55|10| 15 | 4 |14|45°
) ) JT14
1. Material: Cast iron CH 21 T'OCT 1412-85

2. Unspecified maximum dimensional deviations: H14,h14,+ T
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Front covers for pneumatic cylinders D=160 and 200 mm (pos. 6)

r—-r Q/(\/>
m
|~—-|
Dy, [TT005K] r-lj
d X D
|| s R32 4 |
N/ Rai1,6 \ 1
| Y [
@ Rao_rﬁ‘l Q ML ‘ M 2
R0 5 o\ :
< 7
1:,?'13 h / | 2
S O S Lt | 4+ — =l — 4+ K] @
S Qh !‘(\2‘5 ; b R /
s |p/Eerge /et ( ’ -
U=l 7 7 7N
0,5445" Sl 2 5 s :
Spocxu " Rj% / 7 [1 L&l
B — S D
) ) mmm T 7 G
f)d E, 1 15 BN N 22l
S \/ﬁ @ \//—
S / \/Rz20.
" B
D | D; D; Ds hi
deviation| deviation| Di deviation|
deviation | .. . |D4l| . . Ds| D7 | Ds | Do |Dio|Di1| A |A1| B | R |Ri| b |bs d dil d> |ds |1 || || L] m |02 S [deviation R2|R3| . . a
limits h8 limits limits . limits h8 limits
tmts H8 H7 s h12
160 | 85 58 56 52 70192 [120(140| 24 {130|140|66(180|16|12]|12|32M16*1,5-6H|17|14,3|M6 |58 (1331|1415 15| 3 |15 Take
accordingly
Table 3.6
200 (110 70 70 64 88(120|160(180| 26 |160[172|80(220|16|16|16|32M18*1,5-6H/22|16,3|M8[69|1942(22(20|17,5| 4,5 |18
. . . . . . . JT14
1. Material:Cast iron C4 21 I'OCT 1412-85 2. Unspecified maximum dimensional deviations: H14,h14,iT
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Front covers for pneumatic cylinders D=250 and 320 mm (pos. 6)

b(2:1)
m  [1]o05]k] a Q/(\/)
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d
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< 25 7
IS RN
] Ra1,25Y XU\ fezd0 b
05x45" I_ 2 5 ] [ LPssK
Seaen” 20 >
22 L
2 a
7 1 0.5 b
X
o . 1 2
g & 40mb.M8 \T
I, 20 Rz20 4oms. d,
/ e
Q . 4]
§ :
D | D] D; Ds D
deviation HeviationD4| deviation | Ds | D7 | Ds | Do |Dig|D11| A | A1 | B | R |Ri| b | b: d di| d2 |Lo2| i | 2| m (W% hi| S| o Heviatiof R2 | Rs | h2
limits h8 |imits H limits H7 limits h§
250 | 115 80 |82 77 96 |125({200]|225| 26 [210]|210|105(275|16 |60 |18 |32 M18*1,5-6H 22 [ 16,3 | 80 |25 (42 |17,5| 5 1 |20 (45° Take
accordingly
320 | 135 100 04 94 1141145(260({290| 34 {290(265|137(345|20 | 80 |25 |40 M24*1,5-6H 26 |2167|105|45 47| 20 | 55| 1 |24|30° Table 3.6
. . . . . . .. JT14
1. Material:Cast iron CH 21 I'OCT 1412-85 2. Unspecified maximum dimensional deviations: H14,h14, + >
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Sleeves for pneumatic cylinders D=40...320 mm (pos. 8)

— A

/

| ! \
e .
{ % 7 “/7“*0\;‘ @Zz~
’ 0,5x45°
ool T |
i : RO,5 .
| N ARy B p !
L jﬁ/%// 2 |
LY ' 70cd]
T Bait
e 4
TS .
Dy D>
D | deviation |deviation| D3 Dy | 1%02 r c
limits H7 |limits r6
40 12 22 25 21,5 | 18 | 15,5
50 16 28 31 27,5 | 22 | 19,5 1 15
80 25 37 39 | 36,5 | 32 29 i
125 32 44 48 | 43,5 | 42 | 38,5
160 40 52 55 51 45 | 42,5
200 50 61 69 63 55 51 16 )
250 63 77 79 76 65 | 60,5 ’
320 80 94 98 93 90 85

1. Material: Bronze Br.AZh9-4 TOCT 493-79

JT14

2. Unspecified maximum dimensional deviations: H14,h14, + —

Locking washers for pneumatic cylinders D=40...320 mm (pos. 14)

/ i
o A
VRae (/)

Q

|

!

a
D Dy g |deviation) ., h S
limits
h12

40 22 8 6
50 25 10 4 7 3
80 35 16 13
125 42 20 5 17 4 0.8
160 48 24 21
200 62 30 6 27 5
250 72 36 33 10
320 90 48 8 45 ’

1. Material: sheet

S GOST 19903-74

St3GOST14637-89

JT14

2. Unspecified maximum dimensional deviations H14,h14, + 5
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Sleeves for pneumatic cylinders D=40...320 mm (pos.10)
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Stroke d D Stroke q D

of the eviation of the eviation

piston limits Di| D ! l piston limits Diy D ! I
L H11 L Hi11
50 98 180 240
60 108 200 260
80 128 220 280
100 40 AT 43 g 12 250 310
125 173 50 112
160 208 60 122
40 96 80 142
30 106 28 137
60 50 58 | 53 |LLO 155 353
80 136 200 215 | 203 15
100 156 180 242
125 181 200 262
o " e
50 106 280 342
60 63 71 | 66 L6 | 15 320 382
80 136 =5 35
100 156 %0 140
125 181 20 160
40 100 100 180
50 110 125 205
60 120 160 240

80 9 | 83 15

80 140 180 250 268 | 253 [260 | 20
100 160 200 280
125 185 220 300
40 100 250 330
50 110 280 360
60 120 320 400
30 100 112 | 103 [140 | 15 360 440
100 160 50 130
125 185 60 140
160 220 30 160
40 100 100 180
50 110 125 205
60 120 160 240
80 140 180 260
100 160 200 360 340 1324 =0 20
125 125 138 | 128 [ 185 | 15 220 300
160 220 250 330
180 240 280 360
200 260 320 400
220 280 360 440
250 310 400 430
ég i ;8 1. Material: Steel 45 TOCT 1050-88
30 140 2. Unspecified maximum dimensional
100 160 174 | 163 —¢o | 15 IT14
125 185 deviations: H14,h14, +
160 220
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Rods with external thread for pneumatic cylinders D=40...320 mm (pos. 11)
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dy
D | thsgrp"il;fon . d d d> i I A Is I s Ly | L S ! R | deviation | iy | a | Ri | R:
deviation limits limits h8
7 8

40 152
50 162
60 172

40 80 12 8 MS8-6g 192 20 8 10 20 35 10 6 2
100 242
125 237
160 272
40 166
50 176

50,63 gg 16 12 M10-6g égg 25 10 11 21 37 14 7 2
100 226
125 251
40 188
50 198
60 208
80,100 20 25 18 M16-6g 228 32 15 11 24 48 22 13 2.5

100 248
125 273
160 308 Determine Take
40 713 according to accordingly
50 3 table 2.14 Table 3.6
60 233
80 253
100 273

125 125 32 22 | M20-6g [20g | 46 | 15 | 11 | 24 | 53 27 | 15 | 25
160 333
180 353
200 373
220 393
250 423
40 229
50 239
60 249
80 269

160 1(2)2 40 25 M24-6g ??Z 50 15 11 24 56 36 20 2.5
160 349
180 369
200 389
220 409
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1. Material: Steel 40X 'OCT 4543-71 2. Unspecified maximum dimensional deviations: H14,h14,+ ——

3. Take the value of ¢ in accordance with the norms of Table 2.14
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Strok d_[ d ds
D Oftherl;’isfon L leviation limid i L L I I s Is 5 b s ‘ R cll.evi'ation el R | R
1mits h8
£7 13
160 250 40 25 | M24-6g | 439 50 15 11 24 56 5 36 20 2,5
50 268
60 278
30 298
100 318
200 125 343
160 378
180 398
200 418
220 438
50 296
60 306
30 326
100 346
125 371
250 160 63 40 | M36-6g 406 60 18 17 35 76 6 55 32 3
180 426 .
Determine Take
200 446 . )
220 466 according to according to
250 496 table 2.14 table 3.6
280 526
320 566
50 296
60 306
30 326
100 346
125 371
160 406
180 426
320 300 63 40 | M36-6g [— 7 60 18 17 35 76 6 55 32 3
220 466
250 496
280 526
320 566
360 606
400 646
JT14




Pistons for pneumatic cylinders D=40...320 mm (pos. 16)

Al
L4 :’?Z‘.iUR‘\fj

R
\/Rel.8]
o | 4 EEREE A(4:7)
!
‘ © E FIEEEE =
3 B8 )
. 5 - 7
¥ /\’“ ’ N "
L8] ..
(LI %ﬁ' 7 S
. ) / . _ 25{.‘?00}.'3_2_' /5 5
e} H oo Q) Q) ) | Q ’ Hanfaorkg 3
| h/Bzi.25 -
- fA nosiemuneHy
[w]
. F‘a Hoz3
9 ) nx3
E
cx45” A \/RzZ0 /\@
= w
4packu =
¢ g
f
D deviation D D D d deviation d / ! / " i . D deviation D !
limits £8 i ’ ! limits H8 ! ! ’ limits h8 ’ ’
40 - - 38 8 11 24 15 2,5 1
20 - - 48 12 14 26 15,8 3 1 .
63 - - 61 05
80 40 50 78 13 20 Take
100 40 68 98 30 19 3.5 2 according to
125 55 90 123 22 24 ’ 2 ) 3g7
160 60 115 158 25 28 table 3.
200 80 160 198 32 35 32 20 4 1.0
250 100 200 247 40 43 3 ’
320 120 260 317 50 53 40 26,5 45 4
. . . . . . .. JT14
1. Material: aluminum alloy D1 TOCT 4784-97 2. Unspecified maximum dimensional deviations: H14,h14,+ =~
2
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Tie rods for pneumatic cylinders D=40...320 mm (pos.17)

Vrz20(\/)

Stroke
D of the piston L d ! I
40 167
50 177
60 187
40 80 M6-6g 207 25
100 227
125 252
160 287
40 183
50 193
60 203
50,63 ) MS8-6g 223 28
100 243
125 268
40 190
50 200
60 210
80 80 MS8-6g 230 35
100 250
125 275
160 310
40 200
50 210
60 220
100 80 M10-6g 240 42
100 260
125 285
160 320
40 220
50 230
60 240
80 260
100 280
125 125 MI12-6g 305 50
160 340
180 360
200 380
220 400
250 430
40 233
50 243
160 60 M16-6g 253 60
80 273
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Stroke
D of the piston L d ! L
100 293
125 318
160 353
180 373
200 393
220 413
250 443
50 270
60 280
80 300
100 320
125 345
200 160 M20-6g 380 70
180 400
200 420
220 440
250 470
50 295
60 305
80 325
100 345
125 370
160 405
250 180 M20-6g 425 80
200 445
220 465
250 495
280 525
320 565
360 605
50 320
60 330
80 350
100 370
125 395
160 430
320 180 M20-6g 450 80
200 470
220 490
250 520
280 550
320 590
360 630
400 670

1. Material: circle

d- GOST 7417-75

20- GOST 1051-73

JT14

2. Unspecified maximum dimensional deviations: H14,h14, iT

3. Take the value of ¢ in accordance with the norms of Table 2.14
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Rear covers for pneumatic cylinders D=40 and 50 mm (pos. 18)

r—r JV)
12.5
220
| \/Rz220
Q
E /
10,05 S| W72x1.5—6H I
E(2:1) [Fpig RO.S5 , )@ rO5 5 T |
.
a |_\/Rai,6 ; / | £ |
| © . N : |
Y b i N /-\ .
[ 7005 F N 20)
280
Q(\J Qh g A .
| \/Ra1,6 R "
N\ 1 R10 % \ ‘
h cpepa -
2 (]
©| 0.5x45° / d '
é 2packu 4om8.d,
| > \/Ra1,6 -l EIEO)
e § o
07 ) K| —
v N F ’ B
' Q / ¢ -
D | D Dy R | R | k2
deviation limits h8 bs b 4 B @ : i : ! " ' ?ﬁxvli?st hs
40 45 35 20 42 55 7 41 12 7,5 14 30 6 Take according to
50 52 40 24 52 70 9 44 15 8 16 38 8 table 3.6
1. Material: aluminum alloy D1 TOCT 4784-97
JT14

2. Unspecified maximum dimensional deviations: H14,h14,+ ——
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Rear covers for pneumatic cylinders D=63 and 80 mm (pos. 18)

r—r
L[

EEES Rk L

NRz20

| I6,050]

(V)

Ra20
Zo.05]x r
Sl e rRO5 5 518 |
RO \/Rzs0 [
5(2:1) * = \/Ra1,6 i
Ral. b V ""; <) : CJ
“ T, A Y 12,
A10,05TE N 7
i add ﬂ"\ R 3 /' < I N
cpepa W @
| \/Rat,6 R o o * S Q) o
L4 2 o I+ r— i | —7" &) N —+—
'~Zé S h1
by b 0
) — g,i%
Q‘;E; o .ﬁ A
Ral.g i : [ /]
0.5x45° 0.5 g |
i 2packy [T T |g [£] 4omb.29 \)/
E3ED) I
o el g e
) A k20 B
& e
i
D | D; TS
Jeviation Timits b8 D; | Dy | Ds | Ds | D7 | Ds | A | A1 | B | Ri | b d dz ! m h | i | S | S |D:r deviation limitsh8 R | R2 | h2
63 52 40 | 24 - 45 - 20 | 60 | 20 | 78 | 10 | - | MI2*1,5-6H | 10,5 | 45 | 12,5 | 16 - - 5 .
Take according to
80 65 55 (355062 | 72|20 (75|28 (92|10 | 7 [MI2*1,5-6H| 10,5 | 45| 125 20| 2 | 30 | 8 table 3.6

1. Material: D =63 mm - aluminum alloy D1 'OCT 4784-97,

2. Unspecified maximum dimensional deviations: H14,h14, £

JT14
2
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Rear covers for pneumatic cylinders D=100 and 125 mm ( pos. 18)

V()
Ling D=125mm

00 __ |
7 223
\/Rz40
RO.5 1
\/Ra1,6
—{]
S — +— M«
b |
' .2 S /R0 ™0
oA 0.5x45 ¢ ! \.*\
2¢acku 0.5 5| 40mb.d}| S
5(2:1) == N
a, b| [0
710.06] /:1_\ 7, 5 76| %3
{ \/Ra1,6 { R, S \/Rz20
h1
-
[/ Ral,6
i
D | D; D, Ri | R | s
deviation | D3 | D4 | Ds | Ds | D7 | Ds | A | A1 B R b | b: d di d> l m h S o o | deviation
limits h8 limits h8
100 | 65 | 48 | 35| 68 | 82 |72 20| 92 |36 | 115 | 12| 8 | 24 |MI12*1,5-6H| 11 | 10,5 | 45 | 12,5 20 | 12 | 30° | 10° .
Take according to
125 | 75 |55 (35|90 | 105 | 82 | 24 | 110 | 48 | 140 | 16 | 10 | 32 |M16*1,5-6H| 13 | 14,3 | 50 | 15 |25 | 14 | 45° | 15° table 3.6
. . . . . . .. JT14
1. Material: Cast iron CU21 I'OCT 1412-85 2. Unspecified maximum dimensional deviations: H14,h14,iT
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Rear covers for pneumatic cylinders D=160 and 200 mm (pos. 18)

Fr;f N Q/(\/>

! 1)
R3Z
710,06 e \kol§ T
£ Pasdl

__ _L_T;vg mi
S 7.
< 7K o
151 s
a—— —a' QX S ol -+ — — 4 ®| o®
b / | fi
R A=A
(] A
| <
i 0,5x45 14 i
2@acku 40/‘716.d, | R32 \//_
20,0
8 16 FE2.E W
Bl )
3 pim| T '
/U % , - B8
P A
b}
D | D Dy
deviation | D3 |Ds| Ds | Ds | D7 |Ds| Do | A |Ai| B | R |Ri| b | bi d di | d2 L || m h | S| S| deviation | R2 | R;3
limits h8 limits h8
160 | 85 | 65|52 | 120 (140 | 92 |24 | 130|140 | 66 | 180 | 16 | 12 | 12 | 32 |M16*1,5-6H| 17 | 143 |53 |31 | 15 |30 | 15| 8 Take according to
200 | 110 | 90 | 60 | 160 | 180 | 120 | 26 | 160 | 172 | 80 | 220 | 16 | 16 | 16 | 32 |M18*1,5-6H| 22 | 16,3 | 58 | 42 | 17,5 | 35| 18 | 10 table 3.6
. . . . . . - JT14
1. Material: Cast iron SCh21 'OCT 1412-85 2. Unspecified maximum dimensional deviations: H14,h14, = ——
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Rear covers for pneumatic cylinders D=250 and 320 mm (pos. 18)

e AN
i

5(2:1)
| “Jo.n6]E. 2__\ R,
i & S| a| —-
W Ry
72 Z
3 i
@ g ¥
E \/Ra1,6 ‘/S 2
0
2
0,5x45° 0.5 g::IJ
2@acku [Tl »
n—-n
: 20) [Toesf]
/ & / L~
R~
b,
D [ D; D;
deviation | D3 |D4| Ds | Ds | D7 |Ds| Do | A | A1 | B | R|Ri|R2| b | bs d di| d> |l ||| m | h|hi|S|Si| a | or | deviation | R2 | R3 | h2
limits h8 limits h8
250 | 115 92 [ 65(200(225]|125(26(210({210]|105(275|16|60|16|18 |32 |M18*1,5-6H|22|16,3|63|42| 8 |17,5|38| 1 [20]12|45°|15° Take according to
320 [ 13512095260 (290|145 |34 290 (265|137 |345(20|80|20 (25|40 |M24*1,5-6H|26|21,7(70(47|10| 20 (48| 1 |24|14|30°| - table 3.6

JT14
2. Unspecified maximum dimensional deviations: H14,h14, = ——

2

1. Material: Cast iron SCh21 TT'OCT 1412-85
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Seats for rod seal cuffs (type 2)

Table 3.5

(TOCT 6678-72)

2x45°

h

Seating for sealing cuffs cylinder
(type 1)

Table 3.7

(TOCT 6678-72)

2x45°

1,

Rod dlzmeter s D Ds hy
12 22 12,4 5.5
16 28 16,4
25 37 254
32 44 32,4 6,5
40 52 40,4
50 64 50,8
63 77 63,8 77

a
Cylinder

diari;eter ,D Ds D L
40 39,3 28,0 6,6
50 493 37,0
63 62,3 50,0 79
80 79,3 67,0 i
100 99,3 87,0
125 124,0 112,0
160 159,0 146,0 7,7
200 199,0 186,0
250 248.8 234,0 33
320 318,8 304,0 i

Table 3.6
Seating for rings
('OCT 9833-73)
o a=0+5°
—
RO,2
\ >
(Qéi R0,6
3 hy
a 5 -
a
.. Fixed
Ring size D(d1) Movable joint connection
Di(ds) | I Di(d4) hy
005-008-19 8 5 2.4 5,2 2,6
008-012-25 12 8 8,3
014-018-25 18 14 33 14,3 3,6
018-022-25 22 18 18,3
020-025-30 22 17 3,7 17,3 4,0
026-032-36 32 26 26,4
034-040-36 40 34 344
044-050-36 | 50 44 44.4
057-063-36 63 57 4.4 57,4 4.7
074-080-36 80 74 74,4
094-100-36 100 94 94,4
032-040-46 40 32 32,6
118-125-46 125 117 59 117,6 56
150-160-46 160 152 ’ 152,6 ’
190-200-46 200 192 192.6
240-250-58 250 240 6.5 240.8 70
310-320-58 320 310 i 310,8 i
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Recommendations for execution

. Study the product diagram, its functioning, the purpose of each part, and the functional features of
the parts.

. According to the variant, determine the size and shape of the component parts.

. Identify parts that are manufactured by industry, that is, standard.

. Make a specification for the product, taking into account the availability of standard and standardized
parts.

. Develop drawings of components of non-standard parts, taking into account the design of standard
elements.

. Make an assembly drawing of the product, putting the necessary dimensions and positions of the
components.
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JCTY ISO 5457:2006. loxymeHTauis TexHiqHa Ha Bupoou. Kpecnennku. Po3mipu Ta popmatu
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I'OCT 2.303-68 €nuna cucreMa KOHCTPYKTOPCBKOT JoKyMeHTanii. JIinii
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IIEPOXOBATOCTH TIOBEPXHOCTEH)
JICTY EN ISO 9692-1:2014 3BaproBaHHsI Ta CIIOpimHEHI Nporecd. PekoMeHaamii MOA0 MiAroTyBaHHSI
3BapHUX 3’e¢nHaHb. YactnHa 1. PydHe nyroBe 3BapioBaHHS, 3BaplOBaHHS B 3aXHCHOMY rasi, ra3oBe
3BaproBaHHs, TIG - 3BaproBaHHS Ta IPOMEHEBE 3BAPIOBAHHS cTasei
I'OCT 11534-75 Pyuna nyrosa 3Bapka. 3'€QHaHHS 3BapHi HiJl TOCTPUMH 1 TynmuMH KyTamMu. OCHOBHI THIIH,
KOHCTPYKTHBHI €JIEMEHTH 1 pO3MipH
JACT 2.312-72*. €CK/I. YM0BHi 300pa)keHHS 1 IO3HAYCHHS IIBIB 3BApEHUX 3’ €JHAHD
I'OCT 9466-75 Enextponu NOKpHUTI MeTajeBi JJIsl Py4HOi JyroBoi 3BapKM cTaledl 1 HarulaBICHHS.
Krnacudikarist i 3arajgpHi TEXHIYHI YMOBH
JICTY T'OCT 16093:2018 OcuHoBHI HOpMHU B3aemo3amiHHoOcTi. Hapisp Merpuuna. [omycku. Ilocaaku i3
3a30pOM
TI'OCT 8724-2002 OcHOBHBIE HOPMBI B3aMMO3aMeHsIeMOCTH. Pe3p0a MeTpuueckas. JlnaMeTpsl U marn
T'OCT 25229-82. OcHOBHBIE HOPMBI B3aMMO3aMEHIEeMOCTH. Pe3n0a MeTprueckast KOHHYIecKas
I'OCT 6357-81 OcHoBHI HOpMH B3aeMo3aMiHHOCTI. Pi3p0a TpyOHa mmtinapuyHa
I'OCT 9484-81 OcHoBHBIC HOPMBI B3auMo3aMeHseMocTH. Pe3npba TpaneuennanbHast. [Ipodunm
JCT 2.311-68. €CKJI. 300pakeHHs pi3b0iIeHHS
I'OCT 27148-86 U3nenust kpenexxusie. Berxox pe3pobl. Coern, Hepopessl 1 MPOTOYKH. Pazmepsl
I'OCT 1759.0-87 bontel, BUHTHI, IIMNWIGKA U Taliku. TeXHUUECKHUE yCIOBUS
I'OCT 11284-75 OtBepcTust CKBO3HBIE O] KpENeKHbIe AeTanu. Pa3mepsl
T'OCT 7798-70 BonTsl ¢ mIecTUTpaHHOM TOJOBKOM Kitacca TOYHOCTH B. KOHCTpYyKITHS M pasMepsl
I'OCT 5915-70 T"atiku mecturpanHi kinacy TouHocti B. KoHcTpykis i po3mipu
JICTY T'OCT 17473:2008 I'BuHTH 3 HamiBKPYTJIOIO TOJIOBKOIO KiaciB TouHocTi A i B. Konctpykmms i
po3Mipu
I'OCT 11371-78 1llaii6u. TexHiuHi yMOBH
TI'OCT 6402-70 Ilaitou npyxunaHi. TeXHIYHI yMOBH
JCTY 3436-96) llIBenepu cranesi rapsyekarani. CopraMeHT
I'OCT 15608-81 ITHeBMOLUMINHAPHI HOPIIHEBBIE. TEXHUUECKUE YCIOBHS
I'OCT 9833-73 Kinblst TyMOBI KPYTJIOTO NEPETHHY /IS TIPaBIiYHNX 1 THEBMAaTHYHUX NPUCTPOIB
I'OCT 6678-72 ManeT r'yMOBI YIIIJIbHIOBAU1 I THEBMAaTHYHUX NPUCTPOiB. TeXHIUHI yMOBH
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