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Lesson 1 Engineering Drawings

Text

A washing machine and a robotic hand in Figure 1. 1 are clearly represented for visual
purpose by photographs., However, these products could not be manufactured solely from
photographs. Detail drawings must be prepared that note the exact shape, sizes and material
composition of each component; assembly drawings that show how the total product is put

together by fastening each part in proper sequence are also needed.

(a) A washing machine (b) A robotic hand

Figure 1.1  Pictures of some typical mechanical products

Engineering drawing is the means by which engineers design products and create
instructions for manufacturing parts. An engineering drawing can be a hand drawing or
computer model showing all the dimensions necessary to manufacture a part, as well as
assembly notes, a list of required materials, and other pertinent information. Engineering
drawings are legal documents,so they must be formal and precise. .

In modern manufacturing industry, several types of drawings are acceptable. However,
the standard engineering drawing is the multi-view drawing. An engineering drawing usually
contains two or three views (front,top,and side). Each view is an orthographic projection of
objects(see Figure 1. 2). The projection on the frontal plane(x-z ) is fixed and the image is
called front view. With the projected image, the horizontal plane (x-y ) is rotated 90°
clockwise on the x axis;the result is the top view of the object. The profile plane (y-z ) is
rotated 90° clockwise about z axis to obtain the side view.

Line types and conventions Line types and conventions of engineering drawings are
shown in Figure 1. 3. Acceptable quality of a drawing is dependent on the density and
uniformity of line work (and lettering). Types of lines described herein are merely line
conventions, but in every case, each type of line shall be opaque and of uniform width and
shall be used on all drawings other than diagrams,such as schematics,etc.

Scales Drawings shall be made to full scale unless the parts (or assembly) are too large
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to permit it or so small and complex that drawing to an enlarged scale is essential for clarity.
When the main views of large parts are drawn to a reduced scale, the detail views “taken” to
clarify detail should be made to full scale whenever possible. When the part has been drawn
to an enlarged scale for clarity, it is not necessary to make an actual-size view. The scales
preferred for engineering drawings are full size 1 ¢ 1,reduced 1 : 2,1 4,1 : 10,1 ¢ 20,and

enlarged 2: 1,4 : 1,10 1,20 ¢ 1.

Hea
Part Outlines =
ight
Section Lines Ligh
Hidden Lines _________ Medium _______.
top view | side view Center Lines Light
rJ"_—l ] Light
. 1mensional and | 3.000 |
front side Extension lines |
r . Heavy
front view Cutting Plane —— -+ —— - - —— -+ —— - —
Heavy
% Break Lines
Light | \
Figure 1.2 Multi-view drawing of an object Figure 1.3 Line types and conventions

Sketch drawings A sketch is a quickly executed freehand drawing that is not intended as
a finished work. In general,sketching is a quick way to record an idea for later use. Freehand
sketching benefits the entire process in engineering communication: from designers to
draftsmen, from workshop supervisors to craftsmen. A sketch may be all that is needed to
convey enough of the design that finished engineering drawing can be produced. Sketches may
be schematic or instructional and produced to convey ideas between engineering personnel.

Detail drawings A detail drawing should be a complete and accurate description of a
part,with carefully selected views and well-located dimensions of the part. The detail drawing
should include all of the necessary information to enable procurement, manufacture and
should identify all of the relevant codes and standards. Finished surfaces should be indicated
and all necessary shop operations shown. The item weight/mass should also be included for
reference. The title should give the material of which the part is to'be made and should state
the number of the parts that are required for the production of an assembled unit. Detail
drawings having only the dimensions and information needed by a particular workman are
sometimes made for the different workmen,such as the patternmaker, machinist,or welder.

Assembly drawings A drawing that shows the parts of a machine or machine unit
assembled in their relative working positions is an assembly drawing. A typical assembly
drawing may contain the following:

* One or more views,including sections or auxiliaries;

* Enlarged views to show small detail;

» Opverall or specific dimensions needed for assembly;

+ Notes on manufacturing processes required for assembly;

» Balloons to indicate item numbers;
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» Parts list or bill of materials (BOM).

Assembly drawings vary somewhat in character according to their use, such as: design-
assemblies ; working drawing assemblies; genera assemblies, installation assemblies;and check
assemblies.

Sectional views Many objects have complicated interior detail which cannot be clearly
shown by means of front, top, side,or pictorial views. Sectional views may be necessary in
many drawings to bring out and fully dimension the parts. Features of sectional views are
cutting-plane symbols (see Figure 1. 4), which show where imaginary cutting planes are
passed to produce the sections. Usually, one sectional view is sufficient, but several sections
may be required for some irregular objects. A full-sectional view or cross-sectional view,
showing an object’ s characteristic shape, usually replaces an exterior front view; however,
one of the other principle views, side or top, may be converted to a sectional view if some
interior feature thus can be shown to better advantage or if such a view is needed in addition
to a sectional front view. Half-sectional view is used when a view is needed showing both the
exterior and interior construction of a symmetrical object. A broken-sectional view ‘is used
mainly to expose the interior of objects so constructed that less than a half section is required

for a satisfactory description.
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(a) Full-secetional view (b) Half-cross sectional view (c) Broken-sectional view

Figure 1.4 Sectional views

Dimensioning  Engineering drawings communicate not only geometry (shape and
location) of objects but also dimensions and tolerances for those characteristics. Several
systems of dimensioning have evolved. The simplest dimensioning system just specifies
distances between points (such as an object’s length or width,or hole center locations). Since
the advent of well-developed interchangeable manufacture, these distances have been
accompanied by tolerances of the plus-or-minus or min-and-max-limit types. In drawings of
large structures the major unite is the foot,and in drawings of small objects the unit is the
inch. In metric dimensioning, the basic unit may be the meter, the centimeter, or the
millimeter,depending upon the size of object or structure,

Exploded drawings An exploded drawing is a type of pictorial drawing designed to show
several parts in their proper location prior to assembly (see Figure 1. 5). Dimensions and
relative sizes of items may be shown to indicate mechanical relationship. Although exploded
views are not used as working drawings for the machinist, it has an important place in
mechanical technology. Exploded views appear extensively in manuals and handbooks that are

used for repair and assembly of machines and other mechanisms.
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Figure 1.5 Exploded drawing of a gear pump

Schematic drawings A schematic’ or diagrammatic drawing show all significant
components, parts,or tasks (and their interconnections) of a circuit, device, flow, process, or
project by means of symbols. For example, an electrical schematic is a functional schematic
which defines the interrelationship of the electrical elements in a circuit, equipment, or
system. The symbols describing the electrical elements are stylized, simplified, and
standardized to the point of universal acceptance. In a mechanical schematic, the graphical
descriptions of elements of a mechanical system are more complex and more intimately
interrelated than the symbolism of an electrical system and so the graphical characterizations
are not nearly as well standardized or simplified. A process flow schematic is a diagram
commonly used in engineering to indicate the general flow of plant processes and equipment.
It displays the relationship between major equipment of a plant faciiity and does not show
minor details such as piping details and designations. Schematic diagrams are used extensively
in repair manuals to help users understand the interconnections of parts, and to provide
graphical instruction to assist in taking apart and rebuilding mechanical assemblies.

Layout drawings A layout drawing is a graphical statement of the overall form of a
component or device,which is usually prepared during the innovative stages of a design. Since
it lacks detail and completeness,a layout drawing provides a faithful explanation of the device
and its construction only to individuals such as designers and drafters who have been
intimately involved in the conceptual stage. In most cases the layout drawing ultimately
becomes the primary source of information from which detail drawings and assembly

drawings are prepared by other drafters under the guidance of the designer.

- New Words and Expressions

1. assembly drawing %% fid 6. broken-sectional view J&HFHE
2. balloon E{HF5 7. convention %, HIE

3. detail drawing E{ K 8. cutting-plane |

4. view A . 9. sketch drawing HL[&

5. full-section view 4|4 & 10. interchangeable W] & [



