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Chapter 1 Basic Skills of Engineering Drawing

A new machine, or product must exist in the mind of the engineer or designer before it
becomes a reality. This original concept or idea is usually placed on paper called drawing paper to
form engineering drawing. The engineers or designers can communicate each other with the
engineering drawing. So, the engineering drawing is often compared to a working language.

Since drawing instruments are indispensable tools in making engineering drawings, this
chapter will introduce some basic instruments used by engineers and drafters, and discuss the way
to use them. Again, the Chinese National Standards of Technical Drawing are briefly introduced

in the chapter. Lastly, some of geometric constructions are also brought in.

1.1 Drawing Instruments

1.1.1 Drawing pencils

A good drawing begins with a proper drawing pencil and its correct use. Pencil grade ranges
from the hardest, 9H, to the softest, 7B. Grade H, HB and B are most frequently used because
of their medium hardness. The choice of the proper drawing pencils depends on personal
preference and the drawing paper used. Recently, mechanical pencils ( B 31 4% ) become

popular. Leads in a mechanical pencil do not need sharpening but provide a uniform line.

(c) Oversharp.

(d) Overdull.

Fig.1.1 Sharpen drawing pencils correctly.

I a wooden pencil is chosen, the procedure of sharpening it is as follows. First sharpen
about 25 to 30 mm of the wood with a knife. Meanwhile, expose the lead about 6 to 8 mm. Note
that the mark grade H or HB at the end of the pencil can not be sharpened. Second, a sandpaper
is used to achieve the desired pencil point (%4k) as shown in Fig. 1.1(a). You must exercise
carefully in sharpening pencil point. Oversharp point may be broken or cut into the drawing paper
easily (Fig.1.1(c)). Conversely, overdull point, as shown in Fig. 1.1 (d), will create fuzzy
(##5/9) and inconsistent lines ( AE4EM4E). The drawing pencil sharpened as shown in Figs.

1
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1.1 (a) is used to draw thin line while the drawing pencil sharpened as shown in Fig. 1.1 (b) is
used to brighten (fi#l) thin line to form thick line.

1.1.2 Pencil eraser

A good eraser is necessary for removing the marks on paper quickly without smudging

(15%).
1.1.3 Erasing shield (EEE)

It is helpful to have an erasing shield similar to the
type as shown in Fig. 1. 2. The erasing shield will allow

selective erasing without removing the drawings nearby.

This can save time and enhance the quality of appearance of

Fig. 1.2 Erasing shield. finished drawmg.

1.1.4 Triangles ( =#1R)

Most inclined lines in engineering drawing are drawn with the 45° triangle and the 30° ~60°
triangle (Fig.1.3). The triangles are made of transparent plastic (#EBIfg¥%l) so that lines of
the drawing can be seen through them. With the help of a pair of triangles it is easy to generate

lines parallel or perpendicular to a given line (Figs. 1.4 and 1.5).

Fig. 1.3 Triangle. Fig. 1.4 Parallel line construction

Fig. 1.4 illustrates how to draw a line parallel to the given line AB. One side of a triangle is

placed along the given line AB first and then the supporting triangle is fixed against another side of
the first triangle. Slide the first triangle along the supporting triangle to any position desired, and
draw the parallel line.

Perpendicular lines may also be produced by the sliding triangle method. As shown in Fig. 1.5,
one perpendicular side of a triangle is placed along the given line AB, the supporting triangle is
then fixed against the hypotenuse (#}i%1) of the first triangle. Slide the first triangle across line
AB along the supporting triangle to any perpendicular position desired, and draw the perpendicular

line.

2
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Construct line
perpendicular to AB

—— Position
parallel
to given
line AB

Fig. 1.5 Perpendicular line Construction.

1.1.5 Compass ([E#®)

A compass is applied to draw circles and circular arcs (3K) (Fig.1.6).

In order to obtain a high quality circle or circular arc, the lead of the compass must be properly
sharpened and positioned correctly. A sharpening device such as a metal file (£ E# 1) or a
sandpaper may be used to create the beveled side (#}ifi) of the lead as shown in Fig. 1.6 (a).
The lead with beveled side is called compass lead ( [E#it:).

To draw a circle, (1) set off (#Ht) the required radius on one of the center lines, (2)
place the needle point at the exact intersection of the center lines, (3) adjust the compass to the
required radius, and (4) lean ({§i%}) the compass forward and draw the circle clockwise while
rotating the handle between the thumb and forefinger kﬁ'?‘é‘) . To obtain a thick circle, it may be

necessary to repeat the movement several times as shown in Fig. 1.6 (b).

(a) (b)

Fig.1.6 Compass.’

1.1.6 Divider (4##)

A divider is similar to a compass in construction. It is used for measuring 'distances from a
ruler. It is also used for transferring distances or for setting off a series of equal distance (Fig.1.7).
3
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Fig. 1.8 illustrates how to use a divider to create a double distance simply by transferring the

dimension measured, thus to avoid measuring repeatedly.

Fig. 1.7 Divider. Fig. 1.8 Using divider.
1.1.7 Drawing board ( E#§)

A drawing board is made of wood on which the drawing paper is stuck (k5il5). The drawing
board for student is shown in Fig. 1.9. The left side edge of the drawing board is working edge

and it must be straight and smooth.

Fig. 1.9 Drawing board.

1.1.8 T-square (T=%R)

T-square is made of a long strip (%), called the blade (R ), fastened rigidly (22223
[E#%) at right angles to a shorter piece called the head (/R 3k) (Fig.1.10 ). The upper edge of
the blade and the inner edge of the head are working edges and they must be straight and smooth.

To draw a horizontal line, press the head of the T-square firmly ('%'%H) against the working
edge of the drawing board with your left hand; then slide your hand to the position shown in Fig.
1.11 (a) so that the blade is pressed tightly against the paper. Lean the pencil in the direction of
the line at an angle of approximately 60° with the paper, and draw the line from left to right.
Rotate the pencil about its axis while drawing so that its point will wear evenly (Fig.1.11 (b)).

To draw a vertical line, press the triangle on the T-square with the vertical edge on the left,
as shown in Fig. 1. 12. With the left hand, press the head of the T-square against the drawing
board; then slide the hand to the position shown in Fig. 1. 12 where the hand must holds both the

T-square and the triangle firmly in position. Draw the line upward, rotating the pencil slowly
4
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Working edge of board
must be straight

Length of T-square

Working edge of T-square head
/ must be straight

90° must be straight

For lmngm/

on nail

§ K Working edge of T-square

Transparent plastic edge
Head permits seeing drawing
underneath.

Fig.1.10 T-square.

(a) (b)

Fig.1.11 Drawing a horizontal line.

A

Fig.1.12 Drawing a vertical line.
between the thumb and forefinger. Lean the pencil in the direction of the line at an angle of

approximately 60° with the paper.
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1.2 Provisions of Chinese National Standard of Technical Drawing ( #l4#%I@E
ERFENME)

1.2.1 Drawing paper (GB/T 14689 —1993)

1.2.1.1 Drawing paper size ( E1§)

The sizes of the drawing papers together with their lengths, widths and letter designations,
are listed in Chart 1. 1. "

Drawing papers are sized by AO to A4. These sizes are multiples of the standard size of

1188 x841 and they can be cut without waste from the standard rolls of paper.

Chart 1.1 Paper size Unit (mm)
Format Code
A0 Al A2 A3 A4
(EEARS)
BxL 841 x 1189 594 x 841 420 x 594 297 x420 210 x297

a 25 .

c 10 5

e 20 10

1.2.1.2 Paper frame format ( BiEHR)

As shown in Fig. 1. 13, boundary lines of the drawing paper are drawn with thin line while
frame lines are drawn with thick line.

Usually, there are two types of paper frames in use, i. e. without or with bookbinding ( %&iT
1) areas. The paper frame format without bookbinding area is shown in Fig. 1. 13 (a). The
value of e at each drawing paper is shown in Chart 1. 1. The paper frame format with bookbinding

area is shown in Fig. 1. 13 (b). The values of a and ¢ at each drawing paper are indicated in
Chart 1. 1.

Boundary line Boundary line

ln

|

Fig.1.13 Format of paper frame.

1.2.2 Title block (#RrEE#)

A title block is designed to show some information such as the name of the part, drawing

scale, part material, part number, name of the drafter, name of the checker, name of the
6
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company, date of drawing and so on.
The title block is usually placed at the right bottom corner of the drawing paper ( Fig. 1.13).
However, sometimes drawing paper may be rotated 90° counterclockwise to make the title block be

located at the right top corner of the drawing paper (Fig. 1.14).
B

Boundary Line
Title Block

Frame Line

Fig. 1. 14 Papers located vertically.
A typical title block is shown in Fig. 1. 15 where all the words and digits should be written

horizontally.
15 45 15 20 25
w0
g
B
NOrdler Part Name ' Quantity Matetial Comment ﬁ
% Scale Material Number w E
T Part Name : g g
°° s £
@n
®© Drawn by Date E. s
0 Checked Company Name g
by
15 30 -60
120

Fig.1.15 Title block
1.2.3 Measurement units for engineering ( T#2it & 4r)

1.2.3.1 Metric system (SI) of units4
The International Standard Organization ( EbrbrUEiLAa LR,

ISO) recommends to adopt the metric system for length in

centimeter=10 mm=width
of nail on index finger

engineering, and the international system of units is
abbreviated (4E) to SIL
In the SI units, the meter is defined as a length equal to

the distance traveled by light of a certain wavelength in a Fig.1.16 The centimeter.



Fundamentals of Engineering Drawing

vacuum during a time interval of 1/299,792,458 second. In life, the nail width of your index
finger (#4) is approximately equal to 1 centimeter, or 10 millimeters.
Besides, in engineering drawing, the units of all the dimensions are in millimeter ( mm)

which is one-thousandth of a meter, and its unit “mm” is generally omitted. For example,. “25”

means ‘25 mm”.

1.2.3.2 English system of units

The English (Imperial ##% E#)) system of units is based on arbitrary units of inch, foot,
cubit (R ), yard, and mile. England has set up a more accurate determination of the yard,
which was legally defined in 1842 by act (#:4) of Parliament (E4). A foot is 1/3 yard, and
an inch is 1/36 yard.

In old England, an inch was defined as the width of a thumb or three barley corns ( =#%
%7) , round and dry, and a foot was simply the length of a man’s foot and so on (Fig.1.17).

Conversion of two units is as follows: 1 meter = 39.37 inch, 1 inch = 25.4 mm

English System
Three

barley-corns ‘ ( ab
|
'——l inch’-l 1 foot ! ! 1 cubit {

18~23 inches

l——1 yard ! |-—1,000 Paces—]

1 mile

Fig. 1.17 English units.
1.2.4 Scales (b®1) (GB/T 14690—1993)

Drawings should be made according to the scale, and the scale should be indicated in the
title block. Large objects may be drawn smaller than life size ( E32R~}) while small objects may
be drawn larger than life size. The ratio of drawn size to life size is the scale. Scales may be
classified into original value scale (JE{f.41), enlarged scale (A H.#) and reduction scale
(45/pEef) as shown in Chart 1. 2. The scales in ( ) are second series and they are spare (%
A) scales.

Chart 1.2 Scales

Kinds Scale
original value scale 1:1
enlarged scale 2:1(2.5:1)(4:1) 5:1 1x10™1 2x10™1 5x10™:1
reduction scale (1:1.5)1:2(1:2.5)(1:3) (1:4) 1:5 1:2x10" 1:5x10"
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1.2.5 Characters (4) (GB/T 14691—1993)

1.2.5.1 Height and number of a character (FZ®#FE)

Chinese National Standard of Technical Drawing stipulates that the height of a character may
be1.8,2.5,3.5,5,7, 10, 14 and 20 (unit; mm). Small letter (/NE=¥%) h is used to
assign the height of a character. The height of a character is defined as the number of the
character. For example, the character of No. 3.5 means 3.5 mm in height.

1.2.5.2 Chinese characters (;YX=¢)

In general, Chinese characters are square written symbols. In engineering drawing, Chinese
characters are written in font of “f%{k” (Fig.1.18). If small letter h stands for the height of
a Chinese character, its width is 0.7 h. As mentioned above, the Chinese character of No. 10 also

means 10 mm in height.

Noto FARTELE KL F R34 4 H5 EF

No7 M0 ¥ B v R A % 5 3% 47 Bk O #%
No.5 HARM EHRE FAREMEMM L ARLT A5 0 45 RB%
No.3.5 S #3 T8 & TH#H 2 5 BN A3 506 T 51 ACH R W R 3R A&

Fig.1.18 Chinese characters in font of “ ¥ fjzRik” .

Basic stroke in Chinese characters are point ( &), horizontal stroke (#%), vertical stroke
(%), left-falling (# ), right-falling (#s), rising stroke (#k), turning stroke (47) and hook
stroke (4j). The witten orders are shown in Chart 1. 3.

Chart 1.3 Basic stroke in Chinese characters and the witten orders

% A ®o|®| | % | % 5 #
1 i

£ (25N, | g TR m | v e A4 jﬁﬁ \)1 2&
*
£ 2 Y| | my \z |7 | s 6“‘ s ww N
% |wx A 4]2 R s zfzgw

E%R g | T | S > s 4 5376
* 1/ H¥ R BT gyt morwen wiT
* |\ R A\ HTARSHA M BE | FFRE
o 0% | FTRIEAKRKBEBELR 2 X | LT KB

1.2.5.3 Letters and numbers ( FBf%F)
Letters and numbers may be written in italic (£l44&) or vertical ( Efk). Italics are frequently
applied in engineering drawing. Italic numbers are shown in Fig. 1. 19; italic capitals in Fig.

1.20; italic small letters in Fig. 1.21; italic Grecian ( #j§#4) letters in Fig. 1. 22 and Roman
numerals in Fig. 1.23.
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Fig. 1.21 TItalic small letters.

Fig.1.22 ltalic Grecian letters.

Fig.1.23 Ttalic Roman numerals.

1.2.6 Drawing lines ([E%) (GB/T1 7450—1998)

Each line on an engineering drawing has a definite meaning and is drawn in a certain way.

Chart 1.4 shows various lines required in the engineering drawing.

10



