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INTRODUCTION

Methodical instructions for laboratory classes from the course "CAD of
machines and tools" are intended for students of technical specialties of higher
educational institutions who are studying in the specialty "Industrial mechanical
engineering".

The discipline "CAD of machines and tools" belongs to the cycle of pro-
fessional training, it is based on previous knowledge of fundamental and profes-
sionally oriented disciplines, in particular, such as "Metalworking equipment",
"Machine parts", "Higher mathematics"”, " Fundamentals of CAD", etc.

The task of the discipline is to acquaint students of the specialty with au-
tomated design systems (CAD) for their further use in solving design tasks, for
example, in the design of machine tools and tools. Students should understand
the general principles of construction and operation of CAD, as well as know the
tools necessary for designing machines and tools. To acquire basic knowledge of
the general principles of work and trends in the development of modern systems
of automated design with the help of computer technology; to be able to use the

most common domestic and foreign CAD systems.



HISTORY ABOUT THE DELCAM SOFTWARE

Delcam was founded in 1977 on the Cambridge University site. In 1997,
the company became a joint-stock company, and its constant development is due
to the demand for software. Currently, the company is the largest developer of
software for modeling and production of products. Delcam software is used by
more than 45,000 organizations in more than 80 countries around the world.

The Delcam company is one of the world's leading manufacturers of pro-
gressive CAD/CAM solutions for the manufacturing industry. Delcam's soft-
ware covers all areas of production, from modeling to precision control of the
finished product, providing fully automated CAD/CAM solutions to support and
ensure concept-to-reality.

One of the main representatives of the Delcam software is the Pow-
erShape package - a modern modeling package with solid and surface modeling.
Surface modeling is the strongest point of the PowerShape package. The pack-
age automatically suggests the most appropriate way to build the surface. At the
same time, the user at any stage has the opportunity to independently set the
construction method and parameters he needs.

Delcam PowerMill is a package for preparing high-performance control
programs for CNC milling machines. It allows you to increase the productivity
of the machines and, at the same time, achieve the highest quality in the manu-
facture of parts and equipment. Delcam PowerMill is traditionally considered
the best system for preparing control programs for milling of products of com-
plex shape.

Delcam Powerlnspert is an accuracy control system using 3-coordinate
control and measuring machines and manipulators. Combining the advantages of
a wide range of capabilities and ease of use, it allows you to control complex de-
tails by comparing them with the original computer models created in the CAD
system. Delcam PowerlInspert allows you to control both complex free-form sur-

faces (showing the deviation of any measured points from the computer model)



and geometric elements of the correct shape, control equipment, scan prototypes
to create computer models.

Delcam ArtCAM is a software package for spatial modeling and mechan-
ical processing, which allows you to automatically generate spatial models from
a flat drawing and obtain products based on them on CNC machines. ArtCAM
offers a powerful, easy-to-use set of modeling tools that gives the designer the
freedom to create complex spatial reliefs.

A powerful representative of the Delcam family of software products is
the FeatureCAM system. This is a system for preparing control programs based
on automatic recognition of typical elements. The technology of automatic
recognition of processing elements has become extremely popular among cus-
tomers of small and medium-sized businesses, allowing to make the develop-
ment of programs for CNC machines as fast and simple as possible.

The Delcam software line includes a specialized solution for the shoe in-
dustry - Delcam Crispin, which allows you to solve the design, decoration and
manufacturing tasks of all types of shoes. Delcam also offers a specialized solu-
tion for dentists. This solution is based on an open system consisting of two
modules. Delcam DentCAD is a specialized system for modeling dental bridges
and crowns. Delcam DentMill is a specialized system for manufacturing dental
bridges and crowns on CNC machines.

FeatureCAM comprises several modules, which enable you to perform
different functions. This help file documents the entire product family, so, to dif-
ferentiate between the features specific to individual products, the titles of help
topic titles are followed by product codes in parentheses. The codes are:

(25D) — requires a minimum of the 2.5D Milling product.

(3D LITE) — Requires a minimum of the 3D Lite product. The functionali-
ty is also available in the 3D MX and 3D HSM products. 3D Lite is an entry-
level 3D product, which enables you to mill only one surface per feature, but
you can create multiple features. The strategies available in 3D Lite are Z-level

rough, Parallel rough, Parallel finish, Isoline, and 2D spiral.



(3D MX) — Requires a minimum of the 3D MX product. The functionality
is also available in the 3D HSM product. 3D MX is a mid-level 3D product that
enables you mill multiple surfaces. It has the same strategies as 3D Lite, plus Z-
level finish, Radial finish, Flowline finish, Four-axis finish, Horizontal + verti-
cal, Between curves, and Swarf milling.

(3D HSM) — Requires a minimum of the 3D HSM product. 3D HSM is a
high speed machining product with the same strategies as 3D MX, plus Pencil,
Plunge roughing, Remachine, Steep and Shallow, and Spiral 3D.

(REC) — Requires the FeatureRECOGNITION product.

(MSIM) — Requires the Machine Simulation product.

(5AP) — Requires the 5-axis Positioning product.

(5AS) — Requires the 5-axis Simultaneous product.

(TURN) — Requires the Turning product.

(TURNMILL) — Requires the Turn/Mill product.

(WIRE) — Requires the Wire EDM product.

(TOMB) — Requires the Tombstone product.

(SOLID) — Requires the Solid Modeling product.

(MTT) — Requires the Advanced Turn/Mill (MTT) (Multi-turret turning)
product.

(SND) — Requires the shared Network Database product.



TASKS FOR CALCULATION AND GRAPHIC WORK

The purpose of performing the calculation and graphic work: famil-
larization with the environment of the Delcam PowerShape. Learning tools for
creating flat and spatial elements.

Graphic work conventionally consists of 3 tasks:

1. Work with flat primitives.

2. Work with simple spatial elements

3. Creation of spatial models of node details and their combination into an
assembly drawing.

The main goal of the 1st part of the work is to study the basic commands
of the toolbar "Lines", "Arcs", "Coordinate systems", "Annotations" and "Basic
editing commands". In the process of performing the work, the student must
learn to create objects such as arcs, lines, be able to apply dimensions to draw-
ings and perform elementary commands for editing objects.

In the first part of the work, it is necessary to make sketches for three
parts such as a lever, a disk and a plate.

Variants of tasks are given in appendices A, B, C, Art. 10, 11, 109.

An example of the task is given in Appendix F, Art. 38, 39, 40.

The main purpose of the 2nd part is to study the commands of the "Bod-
ies”, "Curves", "Properties™ tool panels. In the process of performing the work,
the student should learn to more freely use the set of commands of the "Arks",
"Lines" tool panel. To fully master the general editing commands of flat and sol-
id primitives. Be able to create simple bodies using standard primitives and con-
tour drawing commands. To study the peculiarities of using Boolean operations.

According to the individual option, create 3D models of parts such as
"Lever", "Disc", "Plate" and "Hull" in the Delcam PowerShape system.

Variants of tasks are given in Appendix A, B, C, D of Art. 10, 11, 19, 27.

An example of the task is given in Appendix F, Art. 41, 42, 43, 44,

The main purpose of the 2nd part is to study the commands of the "Bod-

ies”, "Curves", "Properties” tool panels. In the process of performing the work,
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the student should learn to more freely use the set of commands of the "Arks",
"Lines" tool panel. To fully master the general editing commands of flat and sol-
id primitives. Be able to create simple bodies using standard primitives and con-
tour drawing commands. The main purpose of Part 3 is to study the commands
of the "Elements" toolbar. In the process of performing the work, the student
must learn to determine the optimal way to create a model of complex parts.
Know and be able to use different modeling methods. Also learning the Com-
pose toolbar commands. Mastering the basic principles of the assembly model.
In the process of performing the work, the student must learn to create a new as-
sembly, add new elements to it, and determine the relative location of parts us-
ing anchors.

In the Delcam PowerShape system, create all parts, including standard
products, according to the given assembly drawing. Create an assembly model
of the node by combining previously created three-dimensional models of parts.
You will render the three-dimensional model of the node.

Typical variants of tasks are given in Appendix E, Art. 35. Additionally,
assembly drawings can be selected from any special publication.

An example of the task is given in Appendix F, Art. 44-50.
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ADDITION A

VARIANTS OF TASKS OF "LEVER" TYPE PARTS
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ADDITION B
VARIANTS OF TASK DETAILS OF TYPE "DISK"

Variant 1
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ADDITION C
VARIANTS OF TASKS OF PARTS OF THE "PLATE" TYPE
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ADDITION D
VARIANTS OF TASKS OF DETAILS OF THE TYPE "HULL™

Variant 1
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ADDITION E
TYPICAL VARIANT OF ASSEMBLY DRAWING
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ADDITION F

AN EXAMPLE OF THE EXECUTION AND DESIGN OF

LABORATORY WORK

L 120 . 125 _
Lit. Weight Scale
Ch.[Sheet| Nedocum. |Signature| Date
Developed| Velborn D.
Checked | Bakster P. Leve r
T. control Sheet | Sheets
MMB-221

Approved
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NU CN 01.00.005

Lit. Weight Scale
Ch.|Sheet| Ne docum. |Signature{ Date .
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Lit. Weight Scale

Ch.[Sheet| Nedocum. |Signature| Date
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Approved

43




NU CN 01.00.009
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Ch.[Sheet| Nedocum. |Signature| Date
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Approved
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Approved
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[tems 1, 2 not shown

NU CN 01.00.015

Lit. Weight Scale
Ch.[Sheet| Nedocum. |Signature| Date
Developed| Velborn D. R II
Checked | Bakster P. O erS
T. control Sheet | Sheets
Approved
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