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CHAPTER I

Introductory lopirc s

SECTION 1-1 LETTERING

Lettering on technical drawings should be of the single-stroke gothic style .
and of such -juality that a clear diazo print can be made without loss of clarity.
The letters may be vertical or 1inclined but should not be mixed on the drawing.
While lower--ase letters are used on some drawings, it 1s accepted practice to use
all vaprtals on drawings related to mechanical or cquipment industries. “lhe
herghts of Jerters used should vary between the approximate values of 3/32" and

"9l 52" tor different applications but otherwise be uniform ~nd generally i1ndependent
of drawing size. Fiqures 1.3 and 1.4 show the style and size lettering recommended

by the United States of America Standards Institute.

UNJIFIORM _ ARE i em—b
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Figure -1.1 Background- area between . Figure 1.2 Always use guide lines.
letters should b uniform.

- ABCDEFGHUKLMNOP'{
| QRSTUVWXYZ& 7
| 1234567890132
TITLES & DRAWING NUMBERS

TYPE 2¢ _&

FOR SUB-TITLES OR MAIN TITL.ESI
' ON SMALL DRAWINGS e

Q Figqure 1.3 bt
ERIC —== -
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) /32
wre3 ABCDEFGHIUKLMNOPQRSTUVWXYZ -+

1234567890 1 2 32 Loz
FOR HEADINGS AND PROMINENT NOTES

TYPE & -\B(\E"EF".A)"\ thal N ‘v'vah;)‘s v e

‘o § e A
'FA456 8905 2§ 23} .
FOR BILLS OF MATERIAL DIMENSIONS & GENERAL NOTES:
TYPE S

OrFTionaL Typz same as Tyee 4 BuT usine Type 3 sor FiRsT
LevTER OF PRinCIPaL WorDs. May BE UseD For Sus-TiTLE"
AnD NoTes on THE Boov oF Drawings.

TYPE 6 abcdefghijklmnppqrsfuvwx_yz
Type 6 may be used in place of
Type 4 with copitals of Type 3.

Figure 1,3 (cont.)

' ABCDEFGHIJKLMNOP/)
QRSTUVWXYZ& >
123456789043 2
7O BE USED FOR MAIN TITLES
& DRAWING NUMBERS

2 ABCDEFGHIUKLMNOPQR
STUVWXYZ&
/123456 7890 & 54
7O BE USED FOR SUB-TITLES

Mtgqure 1.4

— s e e e

5
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wres | ABCDEFGHIJKLMNOPQRSTUVWXYZE.
| 1234567890 £ 3 8%
FOR HEADINGS AND PROMINENT NOTES

reec 4 ABCDEFGHIJALMNOPQRSTUVWXYZ&
1234567890 3 137253
FOR BILLS OF MATERIAL, DIMENSIONS & GENERAL NOTES

TYPE S
OprrionaL TYPE SAME AS TvPE 4 BUT USING TrPE 3 For FiRsST

LETTER OF PRINCIPAL Worps. MAy BE USED FOR SuB-TITLES &
Nores oN THE Booy oF DRAWINGS. ‘

TYPE 6 abcdéfghyk/mnopqrsfuvwxyz
Type 6 may be used in place of
Type 4. with capifals of ype 3

Figure 1.4 (cont.) -

(EXTRACTED FROM AMERICAN STANDARD DRAI'TING MANUAL,
LINE CONVENTIONS, SECTIONING AND LETTERING
(ASA Y14-2-1957), WITH PERMISSION OF THE PUBLISHER)

LA RATORY

1. The student should be able to do pencil lettering on tracing paper usind
s1ngle-stroke gothic style. The work should include capitals, lower
case, whole numbers, and fractions. A diazo reproduction should be
clear with no loss of clarity. )

SECTION ITEME
STUDY  UESTIONS
1. ow much space should be left between words?

«hat 15 the angle of slant on an inclined lettec?

31, When lettering a fractional number, what 1s the height of the fraction
relative to the height of the whole number?
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EXERCISES .

Lay out sheet, add guide lines (vertical or

‘e

-4

letters as indicated.
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SECTION 1.2 USE OF EQUIPMENT

°

inclined), and fill in

-

Pyoper use of equipment 1S one of the determining factors in producing a
Some of those ‘1nstruments most difficult to master

quality technical drawing.

lave been listed.
“ ‘

1.

2,

5

Drafting machine - Tha proper use of a dratting machinc can save

many hours of drawing:time.
_the different models available.

Its use 1s not covered here due to
Manuals giving detailed instructions:

on the use and care of thé& drafting machine are available through .

the manufacturers.

Pl

Drafting pencil - Good line technique begins with the selcction of

the correct grade of lead and the proper sharpness on the point.

PENCIL GRADES
Figure 1.6

1%

4%
PENCIL POTNTS
"igure 1.7




Figure 1.8 Drawing Horizontal Line. ‘ -~

.Draw pencil along straight edge.- . Drawing a Vertical Line

Rotate pencil to maintain uniform point. Figure 1.9

3. Scale - Some scales in .common use today are the mechanical
enginders scale, civil engineers scale, architects scale,
and to a lesser extent in this country, the metric scale.
It is not uncommon to find triangular scales which in-
corgorate several different types into one multi-purpose
scale. - )

4, Dividers - Dividers are used: for transferring measure-
ments and occasionally for dividing lines or arcs into
equal parts. Care must be taken when usinag the dividers
so that the legs do not move between taking the Mmeasure-
ment and laying it off.

5. §9E§§§§.' The compass is probably the most important single item of
all the drafting instruments other than the pencil and straight edge.
~ The correct choice of lead and-proper sharpening technique 1s essen-
" tial to the successful use of a compass. Avoid those compasses which
do not have a center wheel for adjustment.

., Figure 1.10 Three different methods of sharpening a compass lead.

1




/ . PENCIL LINES o INK.LINES

© THICK , THICH
] ; VISIBLE LINE -

MEDIUM MEDIUM '
2 MIDDEN LINE =~ 2———=— == — = ——— ===
THIN THIN
3 SECTION LINE 3 - - —
! THIN THIN
4 — CENTER LINE & —--—mm—— - —
. Leader ] L ecder . ’
5| V7 Extension Line rs }—Exlensmn Line
e /~D/men5/on Line ) Dimension Line
N " t THIN DIMENSION . | THIN
6 ta——~F——3> LINE 6t 35 -
EXTENSION ¢ '
LUINE
. AND LE ADERS |
2-37 THIN 2-3> THIN
7 i _2_.__..___—H L 7 f-——— - ————~2- B
i

L/.NES OR
VIEWING-PLANE
LINES

{ THICK . } . . Q THICK ’
8 - - CUTTING-PLANE | & - - .

THICK THICK
'O W ('O WW‘-
b BREAK LINES
THIN b L THIN
L o) e A A
THIN THIN d
2 - - - .- —  PHANTOM LINE 12— —— — =~ —— 7
-y
WIDTH AND CHARACTER OF LINES
Figure 1.11 )
(EXTRACTED FROM AMERICAN STANDARD DRAFTING MANUAL,
LINE CONVENTIONS, SECTIONING AND LETTERING
(ASA Y14-2-1957), WITH PERMISSION OF THE PUBLISHER)
Q Tl
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6. Fraser and eraser shield - These are relatively inexpensive items
by'bomparison but improper use can result in dark smrdges on a
vellum drawing. Make sure that the eraser is soft (not artgum)
and the eraser shield 1s metal (plastic is too thick).

7. Irregular curve - These curves are used for the mechanical drawing
of free curves and require some practice to use effectively.

4. Circle template - The circle template is particularly useful 1n
drawing small circles (1" diameter or less) wher> a large bow compass
would be difficult to usc. When drawing concent .C circles with a
o'vele template 1t's best to lay out first with a small compass.

LABORATCRY

1. The student stiould be able to draw object lines, hidden lines, and
~enter lines using graphite lead for both straight lines and arcs.
These lines should be sharp, blac», and capable of being reproduced
into a diazo copy without appreciable loss of line density and sharpness.

[}
.

The student should be &éble to draw a layout line to an accuracy of
+ 1/32" and to measure 4 previously drawn line to an accuracv of
+1/32".

i. The student should be able to take angular measuremwents within ¢ 10
minutes using the drafting machine.

’ SECTIUN ITEMS

QUESTIONS 3
1. What grades of leau are best svited for technical drawing?

2. Should a compass lead be she .ened into a conical point?

3. Given the following lead grades; 2B, 2H, F, and 4H,
which is the hardest? Which is the softest?

EXERCISES
1. Measure the following lines to * 1/32" on length and '10' on angles.

Use full scale An.,wers

length angle
(a)
(A (b)

(d)

v 9 — . (e) — .

horizontal line (6”)

[ERJ!:‘, 1 ~

Aruitoxt provided by Eic:




Moanure the following lines to b 03" on length and '10' on angles.
A
//\ / ANnswers Use full
~ _ 1
///// (b)) -~ length ‘angle
V;////’/’//// ay __
e (b)
(c)
—_— (d)
“‘“‘*—-—-—.._________.__~~ (d)
\
t (o)
(e) -
0o line

Measure tne following lines to *.80 mm on ler.gth and *10' on angles.

Use full scale

Answers

length

angle

scale

L - -




4. Make a full scale pencil instrument drawing of the GusSET 1n Fig. 1.12.
Draw on a 9" x 12" sheet of vellum with a 1/4" border and use title block
Aas shown .n Fig. 3.14. Make a diazo print of the finished drawing.

.

‘:z - € ©25 cim rlE

v, < 3 Awch
S1M

3 - 1 BD -
CHAPTER_ITEM.. Pigure 1.12
HXERCLSES
1. Make a full scal. pencil instrument drawing of the plate 1n Fi1g. 1.13.

Draw on a 9" x 12" sheet of vellum with a 1/4" border and use title block
a5 shown in ¥Fig. 3.14. Make a diazo print of the finished drawing.

FETTOA e
i ]
AT
Qo rFigqure 1.13
ERIC T
- - 19




ANSWERS = ECTILN L1 -10-

TULY JUEST LN

1.

1
3.

L}
A crover s qual to the e ot the letter ™",

) O i
t | ‘yV .

Twir height ot whole number .

-~

SEJTION 1.2

RTUDY QUESTIONS

3.

bH - HB. Many factors such as drafting media, hunidity,
drawing surface, and individual technique will play a
part in lead selection but generally +he following is
recommended: 6H - 5H for layout work, 4H - 2H for thin

lines {center lines, etc.), H - HB for thick lines and
lettering

No. Compass leads should be sharpened intc a chisel point or an
elliptical point.

Of that given grouvp of leads the hardest is 4H and soft-
est i< 2B.

EXIIPCISTS

1. length angle 2. length angle .
Q
(a) 2 3/32 290 35 (a) 1.26 28~ 40
(@]
(b) 2 916 25° 40" (b) 2.37 21° 05!
(c) 2 3/32 59 00" (c) 2.56 42 05!
(d) 2 1/2 12° 15° (d) 3.16 5o 05"
(e) 1 5/32 199 15° (e) 1.88 26° 15°
3. length angle
(a) 47.50 340 is!
(L) 93. 30 15° 55°
(c) 76 .20 30 15" ‘
#
(d) 79. 20 21° 55 1
(e) g2.80 | 31° o0’
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CHAPTER II

Geometrical Construction

SECTION 2-1 BASIC APPLIED GECMETRY

hpplred geometry 16 the basis for layout and construction in instrument
drawing. While 1t 1. not neceusary to write geometric proofs to solve problems
i applied geometry, it ois impertant to have a general understanding of the
«principles of plane geometry. The practice of pure geometric construction is
t1me consuming and does not utilize the many accurate instruments available to

rhe drafrsman. The 11llustrations 1n this section wi

methods where accuracy permits.

L 380° .
Y
+ PRy - 1ecr
a > /
, , ‘ )%W
| \ [
i [ AGANY
COMPLE TE STRAIGHT ANGLE SUPPLEMENTARY ANGLES
CIRCLE
o + @ =180°
. \
90* LESS MORE
THAN 90* THAN 90°
RIGHT ANGLE ACUTE ANGLE 0BTUSE ANGLE

Figurc 2.1 Angles

VERTEX

AN

EQUIL ATERAL TRIANGLE 1SOSCFLES' TRIANGLE

S/Ot
0@
ALTITUDE

)\

SCALENE TRIANGLE

<

Figure 2.2 Triangles

11 use the most expedient

COMPLIMENTARY
ANGLES

= +@ =90

RIGHT TRIANGLE
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SHIANGLE AHUARE PENTAGON HE X AGUN HEPTAGON O TAGON

Figure 2.3 The Reqular Polygons

4
X\ -
~
\\
N
. ~N
1 N
QUADRANT ™~ | i \
°°' IN
SECTOR . oo GIVEN LINE ; E_JX .
[} / P } L.,, —
stauu%
4
*
CENTER
oF AB T
' 4
4
B N
. A — A -8
. N
Figure 2.4 Elements of the Circle Figure 2.5 To Bisect a Line

~ EQUAL ANGLES

A GIVEN ANGLE

(a)

Figure 2.6 7o Bisect an Angle

‘ ) 1\4




/
GIVEN LINE // 4 EQUAL DIVISIONS
| Y i B AN Y
N - /
~
ANY ANGL?/ AJ
(a) (b) (c)
1
' Fgure 2ol o divide o line 1nto equal parts. (a) Draw a linc at aﬁy
angle from one end of given line, (b) Divide angled line into required number

hbraw from last mark on angled line to end of given linea

of equal spaces.
ark dividing given line into equal parts.

(¢c) Draw parallel lines from each m

.
[}

Inscribed Circle~

Circumseribing Circle =
Distance across flats given,

Distance across corners given.
1

-~

Figure 2.8 Tn Draw a Hexagon

i

. . 0
3
. 4 > 1
o
o
Figure 2,9 To draw a circle Figure 2.10 To draw a tangent
through three given points, and a circle

O

ERIC
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CIRCLE ELLIPSE
PARABOLA HYPERBOLA

Figure 2.11 The Conic Sections

For all conic sections, a cutting—plane passes througk a right
¢1rcular cone 1n such a manner that one of the following is formed by the
intersection of the surface of the cone and the cutting-plane. The angle
between che center axis of the cone and the cutting-plane determines the

CUrve .
Circle - Cutting-plane is 90° to ax)s of cone.
» ¥
Ellipse - Cutting-plan: is inclined to axis of cone. The angle
formed is greater than that between the axis of the
cone and its elements.
Parabola - Cutting-plane makes the same angle with the axis of
the cone as do the elements of the cone.
Hyperbola - Cutting—-plane makes an angle with the axis of the ¢one
less than that formed between the elements. and the axis.
LABORATORY

1. The student should be able to perform basic geometric construction such
as b secting angles and lines, drawings rangents, dividing lines into
equal spaces etc.

SECTION ITEMS

STUDY QUESTIONS

<!
1. tlow many deqgrees are 1n o hexagon?

2. What are complementary angles?
3. What conic¢ section can be drawn with a compass?

ERIC 4. What 13 the gencrzl term for a plane four-sided figqure?
B




[ 1.

[B] (TR

Pormat on Chogdor 10, tige 304, tar the (ollowing froblema.  Use a

bocd tead and Loave conntract i Tohes,  Draw full soale,

(3 P]
¥
.

b

brvide g bine 34" long nito Y equal party,,
Construct a hexigon whit h o 1s 2" across flats.
i o

Construct. and bLisect a -5 angle.

Locate the tangent point between a line drawn at 30° and a 2"
drameter circle.

Draw a right triangle with one leqg 1-1/4" and the other
1-3/4", Construct a circle which will pass through
these three points. (Fig. 2.9)

Draw two circles 1" diameter and 2" diameter, respectivelye
space them 2-1/2" aparc on a line inclined at 30°. Draw
all lines which are tanqenﬁ to both circles and mark
tangent points (Pl, Py, etc,) (fig. 2.10) :

Draw a triangle having sides 2,80, 3.25, 2.40. Find 1ts
center of gravity and draw the maximum diameter circle

that does not fall outside the triangle. What did you
discover? Draw a circle through the vertices of the
triangle (fig, 2.9). Is this center the same as the center
of gravity? what condition would cause the two centers to
be the same? (Note: You will' need to consult resource
material for this problem).

Construct a hexagon which is 2,50 inches across corners.

CHAPTER ITEMS

EXL.RCISES

1.

O

ERIC
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Make a full size pencil drawing of the LINK in figure 2.12. Draw'on a

9" x 12" sheet of vellum with .a 1/4" border. Use title block as shown
1n Figure 3.14. show all construction. Show all construction,

:\3
| SN

S S —
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ANSWERS

SECTION 2-1

WUESTTONS

i.  720°

..16_
B8 A WOLE N

Figure 2.12

LINK

O
e Two adjacent angles whose sum 1s 90
ie A circle
4. Quadrilateral

EXSRCISES

75 DA HOLE\

a e
:/
b ——— —i

-

D

b
)
l\‘"

| N W

e e
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LABORATORY

1. The student should be able to demonstrate the proper line technique’
for sketching object lines, hidden lines, and center lines.

The student should be able to make a one view pencll sketch on grid
paper showing a border, title block, and proper line techniques.
This sketgh may be trom a model or another drawing,. -

ro

SN M

STULY QULSTTONS . -

1. Does a center line take precedence over a hidden line?
]

to

What type eraser is used . to remove layout lines from a sketch?
3. How is a pencil sharpened to produce a sketch center line?
4. What grades of pencil lead are best suited for sketching? -

5.. Where should you be looking when sketching a layout line between
two points?

6. Does a visible line take precedence over a hidden line?
7. How is a pencil sharpened to produce a layout line?

8. Where should you be looking when sketching an object line between
two points?

9. 1Is a gkerch usually made to a specified scale?

10. Are "measuring aids" ever used to help keep a sketch proportional?

EXERCISES

1. Sketch the line technique exercise in Fig 3.5. Use 9 x 12 paper with
I/a" grid.

2. Sketch the two gaskets shown in Fig. 3.6. Use 9 x 12 paper with
i/4" grid and sam¢ format .as given.
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Fig. 3.5 Fig. 3.6

Section .2 ISOMETRIC SKETCHING
Pictorial sketching is an excellent way of conveying an idea to either

technical or non-technical personnel. Isometric views have the advantage

of a uniform foreshortening factor on all axes thereby simplifying the

transition from orthographic drawing to pictorial. Isometric axes are

120° apart with one axis in the vertical position. Any two of these axes
. define a plane which can be used as a reference in locating points on the

sketched object.

Fig. 3.7 Isometric Axes Fig. 3.8 Isometric sketch
of 1" cube.

*an thapter IV

[KC Rl
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Fig. 3.9 Reference planes defined by two isometric axes include
(a) frontal, (b) profile, and (c) horizontal.

LABORATORY

1. The student should be able to make an isometric sketch on grid paper
complete with border, title block, and proper line technique. The
sketch may be made from a model or a drawing.

(a)

(c)

Fig. 3.10 Shows the steps

in making an isometric sketch.
The object to be sketched at
(a) reference box to exact

size at (b) and finished

' at (c).
O ‘ (b) n ‘:)(
ERIC -6
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(a) (co.rect) (b) (wrong)

Fig. 3.11 Circles in isometric views usually appear as ellipses. Tt~

end of the right circular cylinder is correctly shown a
(a) with minor axis along centerline.

SECTION ITEMS

STUDY QUES™IONS

1.

2.

What is the name of the reference plane whlch touches the side of
the object being sketched?

What are the measurements made perpendicular to the horizontal plane

~ called?

Isometric axes are drawn 120o apart. What true angle is representec
by this 120° angle?

Can angular measurement be made in an isonetric viev?

Are measurements normally made other than parallel to one of the
isometric axes in an isometric sketch?

What is the angle of an isometric ellipse?
Are hidden lines normally shown in an isometric sketch?

What measurements are made perpendicular to the profile plane?

Wr2n an isometric box is constructed, what is its height, width, and
depth with respect to the object Leing skotched? :




| EXERCISES

1. On a sheet of 9 x 12 isometric grid paper sketch an isometric view
of the object shown in Fig. 3.12. The numbers represent units on the
isometric grid. Border and title block will be as in Fig, 1.6.

28
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CHAPTER ITEMS

1. Sketch the isometric view of Fig. 3.13 on grid paper. Show border
and title block as in Fig. 3.6.

?. Divide a sheet of rectangular grid paper into four equal areas and
add border and title block as shown in Fig. 3.14.

(a) 1In space I, sketch the view that you would sece if looking
perpendicular to the ho.izontal face of the reference box used
to sketch the isometric of Fig. 3.13.

(b) In space III, sketch the view you would see if looking perpen-
dicular to the frontal face of the reference box.

(c) 1In space IV, sketch the view you would see if looking perpen-
dicular to the right profile face of’fbe reference box.

EY L J
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ANSWERS

SECTION ITEMS

SECTION 3.1

No. Order of precedence is vigsible line, hic .en line, center line.

Artgum.

Sharp conical point.

F, HB, and B.

At the point to which the line is being drawn.
Yes. (See answer No. 1)

Dull, blunt point.

At point of pencil.

No. Sketches are made to proportion.

Yes. A pencil or a strip of paper may pe used to keep sketches
propor<ions1l.

SECTION 3.2

Profile reference plane.

Height measurement.

90°

No. Angular measurements do not appear as true anglcz in an iso-
metric view.

4

D
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5. No. The only measurements which can be made true length are along
the isometric axis.

6. 35916'

7. No. Hidden lines are usually omitted from isometric views since
three surfaces are visible.

8. Width measurements.

9. The isometric "reference box" should have the same height, width,
and depth measurements as the object.

EXERCIS&§ N
1.
i
-]
i —a———Tr
&
CHAPTER ITEMS
EXERCISES
1. 2.
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CHAPTER IV MULTIVEW PROJECTION  ~2°°

Section 4.1 Theory of Projection

Objects whose exact shape and size are to be conveyed to
a machinist or other technical person are best defined
through orthographic projection. There are six views in
the American National Standard arrangement of views.
Multi-view projection is the drawing or sketching of as
many of these views as is required to comR1ete1y describe
the object showing all visibie and hidden'lines.

///f‘\‘\\‘ ~.
/// <22::>

.- ‘ﬁ’ - 4.

C:] ,fL:::J \"1-~-

%5 ==
o> N

(a)
(b)
—
TOP VIEW

] )
| T ] |

REAR VIEW LEFT-SIDE VIEW FRONT VIEW RIGHT-SIDE VIEW

T

BOTTOM VIEW

&

(c)

Figure 4.1 Shows (a) projection of object onto faces of glass box
~ (b) unfolding of glass box (c) American National
Standard arrangement of views.
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Fiqure 4.2 Normally three views are suff1c1ent to. describe the
shape of an object. )
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Figure 4.3 Hidden lines are used to describe features that would
otherwise not b: seen.
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SECTION ITEMS

§ﬁuﬁy Questions

1. What is meant by orthographic dimension?

2. What orthographic dimensions can be seen in the front
view? .

3. What are adjacent views?

4. In the American Nationai Standard arrangement of views, ‘\‘““x\,///}f

what views are adjacent to the front view and what ortho-
graphic dimension do they have in common?

EXERCISES:

1. Sketch the two given views and add the top view of the
objects in Figure 4.4. \Use the same format and title block

as shown. sheet size 9 x 12
/
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LABORATORY

1. Student should be able to sketch three principal ortho-
graphic views showing all visible and hidden lines from
model or isometric view.

2. student should be able to sketcﬁ third view from two
given orthographic views.

SAMPLE PROBLEMS

1. Orthographic view drawn from jsometric.

2.

F — —

= i
— L — =
|- L S S l T
- Figure 4.6 (a) Given views Figure 4.6 (b) Completed third view

ERIC : i
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BECTION 4.2 Instrument Drawing

Views should be well balanced on the sheet with border lines and complete
tle block. After the aumber of required views has been determined, then
bortant center lines and outlines are drawn with a sharp 6H pencil. 'If
hree or more views are required, one of the methods in Figures 4.8-4.10
ould be used to transfer measurements. Once the views are accurately drawn,
he finish line work is added with an H or 2H lead.

’

T d

1 I H - _ I 1 1

Figure 4.8 yse of mitre line
to draw right side view.

Figure 4:7 Layout balanced
drawing with 6H lead.

zzzzqq
F [
s !_s____._,_:.
)
.. T
; i
I 1.1
Figure 4.9 yse of dividers to Figure 4.10 Drawing front view )
draw top view. from given top and

right side view.




LABORATORY ~30-

1. Student should be able to make an instrument drawing
complete with border lines and title block from a model,
pictorial view, or given orthographic views. Drawing
should be made on tracing paper and of such quality
that a clear diazo print.can be made with no appreciable
background color.

SECTION ITEMS

Study Questions

1. Are instrument dr. ings usually drawn to a specified scale?
2. Are three views always required in an instrument drawing?

3. What is the proper contrast between visible lines and
center lines?

4. At what angle is a mitre line drawn?

5. Are hidden lines aiways shown?

EXERCISE:

1. Rearaw the given views in Fig. 4.11 on9" x 12"tracing pane
and add missing view and isometric view. Use format and
title block shown in Fig. = 3,14 . Make a diazo

copy of the finished drawing.

(.

I I -

Figure 4.11
Q ‘jg
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CHAPTER ITEMS

On a sheet of 9" x 12" vellum, draw the front, top, and right-side views
of the obiect in Fig. 4.12. Use border and title block as shown in Fig. 3.14.
Figure 4.12
ANSWERS
SECTION 4.1

Study Questions

1.

Height, width, and depth are orthographic dimensions.
They are made perpendicular to the horizontal, profile,
and frontal planes, respectively.

Height and width.

Views which are separated by a folding line; i.e., front
and top views.

Views adjacent to the front view are the top front, left
and right side views. They all show the orthographic
dimension of depth.
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EXERCISES (sc lution)

si=t =

Figure 4,13

SECTION 4.2

Study Questions

1.
2.

Yes. Some example are full size, % size, 4%size, etc.

No. Drawings require only those views necessary to describe
the object. That may be as few as one or more than three
views.

Visible lines should be drawn twice as thick as center lines.

Mitre lines are always drawn at 450,

No. When clarity is not lost by doing so, hidden lines
may be omitted.




EXERCISES  (solution)

——

—t
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CHAPTER ITEMS

EXERCISES

1.

Figure 4.14

Figure 4.15
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CHAPTER V

Auxiliary Views

SECTION 5-1. PRINARY AUXILIARY VI1EWS

All objects cannot be completely described through the six requiar views.
In such cases it becomes necessary to "take another direction of sight" in order
to describe the object more fully. Orthographic views which are not principal
views are auxillary views.= When these auxiliaries are projected from principal
views they are primary auxiliary views. Primary auxiliaries show a true ortho-
graphic dimension of height, width, or depth depending on the view from Which
they were projected. Figure 5.1 shows the modified "glass box" used in projecting -
an auxiliary view. The steps in projecting a primary auxiliary view are as follows:

Estabtish a direction of sight.

Project all points on the object parallel to the direction of sight.
Corstruct a folding line perpendicular to the direction of sight.
From a view which shows the same ovthographlc dimension ag the
auxiliary being drawn, transfer the measurement into the new
-auxiliary viow.

5. Connect points and determine- visibility.

O W N e

Figi:e 5.1 Modified Glass Box ~
¢




SN
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Fiqure 5.2 Establish a direciion
of sight

Fiaure 5.4 Construct folding line
perperndicular to direction cf <ioht.

Figure 5.6 Determinc visibiiity
and connect points.

ERIC

Aruitoxt provided by Eic:
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Figure 5.2 Project all poirts
parallel tc direction of si

“(a)® ‘ (b)

Figure 5.7 Vis.bility can be detcrmined by
inspecting adjacent view-. (@) Nearest
edge is visible. (b) Farthest edge or
corner is hidden.

4..
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Sketch a primary auxiliary view of the cables in Figqure 5.9 which
show their true lengths.

CHAPTER ITEMS

EXERCISES

1. Sketch the indicated auxiliary views showing all visible and hidden
lines with correct visibility.
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ANSWFRS - Section 5.1

STUDY CUZSTIONS

- T, Top view.
2. They are perpendicular.
3. The directiouns of sight are mut.ally perpendi-ular.
/
< By taking a direction of sight o:rpendicvlar to tha
S. Bv taking a direction of sight »2.pendicular to the
EXERCISES

1

-

—
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CHAPTER ITEMS

Jlare
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ouction 5,1

PRI R D O I PR ATT O LLA1NG, FULL nNJ HaLF SICTIONS

N

a set of working drawings mizht be an "assembly
how the parts of a device fit together,

S8,
-

*y . g

2L, ').-1

nSsembly secticn. i view

Hnow: the ascsembly of jarts more clearly,
r
Fip, 6.2 Cuttin, planc, Jhe baci.,

tor showin; a section view i+ to
imagine the part being cut :0 t.e
incerior can te seen.

iz, 6. é
section liuning.
n few of the
materials arc
shown, .Jirect-

N ion of lining
shoulid change
on adjacent
parte,

rig. 6.3 rFull section views, ‘ne full
~action i. the most commonly usid. i
entire view io "fully .cctioned",
cuttons plane loeation i+ along tie
centr o Line of the noyrt,

[RIC 1

sectloning or opening the part, the internal des

>2ctional viewe arc oftes uied on engineering drawings.

-

v

4”?“?“

l’he cover sheet on
section'" view or cutaway showing
Reading a drawing of a part with many

.id .en internal features 1. complicated by the hidden lines in the view:

Oe

. By
ign of the part is more clearly

i
AV

SECTION LINING ON ASSEMBLY DRAWINGS
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Fise fo4 alf section. This type
of view is pvarticularly useful wherc
tne rart is symmetrical and both
exterior and interior features need
to he shown, '

:ur\)ﬂ(n'{n DURY

1. he stud-nt should be able to draw
anil '1se the correct section lining

Lo lIC 1T2MS

STUY LUSSTICNS

1., «hat type of object is best

HALF SECTION

or tketch full and half section views

rerre~entatioin.

shown in section view 2

2. when should a half section be shown in vrreference to a full section ?

3. Is the spacing for cast iron rection lining alwavs 1/8 inches ?

K 1ous

~ketcn the answers to tne following rrotlem:.,

1. BASE BLOCK R

SIVEN — TOP - RIGNT 108
AND PCTORIAL

SRAW:® FRONY VMW 1N
FULL sECTION.

4s are cutting plane lines always shown in full and half sectiones %




2. OPERATING LEVER
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onecial tyrpes of cectioned views have been accaepted 1., 2
father than draw an entire view 1L
;0. .1ble to break out, partial zection, or puall cut

part f-ature: more cleariy.

F15. .S uffset section, lere, tre
suttin, r.ane is bent or offset to
retter . now rart features.

Fig. e% lisgned section. Jhe cuttun:

rian2 iJ angled throush the rpart. 'o
; cection view, 1t ic nece€s.ary
+c revolve tne ;oints along the section
~ut baék to the direction of projection,

ri-. 7.7 removed section. The cuttiing
tisne line indi~z it . where tuae section
3w 1. cate e viewg are
et er convienient on tue page.
11entified by oo -y - B, C - < etc,
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7
n 2 ,:_"‘ ~ PHANTOM
r10. 6.9 P hantom .ection.  Jhic view .t,(c),{ [ '}5«35._JA sEcTiomnG
show. both internsl and external vart N
' [
urfaces. .ecticn lining is ohown as ——

jashed line: and material typce i not
wndicated. a?

e ]
— ey
{:"1

- —
-4
T
e

SECTION A A SECTION B0

Fig. 6.10 .hat not to section.
Center shafts, bolts, pias, balls,
keys etc. shovld not be sectioned.

KEY COTTER BALL PiN

LaBURAJCRY ALTIVIFILS AND 5n1LS

1. The student shouiid be abl: to draw or sketch section views similar t~ those
showd.

2. The student chouid be able to choose the best tyre of section view tO i
show a particular part.

5.CTICH ITHiS

SPUDY . U=ITIONS

1. .hat tyre of rexrt is best shown with the phantom voction?

N
L]

Are the point. alongthe aligned section cut projected directly to the
adjacent view?

AL s

. «shat determines whether to use a revolved section iiew or a romoved
- section view?

4, .hat do the arrows on the cutting ;laue lines mzan? .hy use litters
at the end of euach arrow?

~XLRC IS

raw or ~ketcn the answers to tne tfollowing problems.

O

ERIC 4
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CHAPTER ITZ

QUESTIONS

l. +hen should sectioned views be uved?
L Y

<e what i the importance of section lining?
5+ vhen would an offset section be preferable to a full section”

be Tist the types of secticn views requiring cutting plane lines

O« why are arrows needed for cutting plane lines?

EXERCISES

Solve the following problems.
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1. TAKE-UP BEARING
| ! b ] — - R U - =+ -
- — '"7'J‘\
. / \
/ .
- +_ —
\ /
A / l
v L - — = .
P o | e —— — — o— — — n | — — o — — ———— dr—-—-r—-—q

— o —— + _— ‘
, w
R T |
} —— |
: // \\ }'
| T |
i -
i K / I
| / | ‘
! / / | |
i /
' ' i
it
—+—— R el “"‘ —_— 1
H ' '
:
\ ; b
\ ' i N
} AR | | '
| AN N “ : | | .
i N ~
| \\\ | ‘
| : R S | :

- = i - |
H . l 1
e T |

Lo o4 |
+ ’ v
\
\
ot WHLETE TOP AND LEFT SIDF VIEWS OF A TAKE-UP BEARING |
MNIE a0 HHASS 3 BHONZE 3 90 C ARBON STEEL 4 SAE 1045 5  AST 1RON
s FRONT VIFW IN BULL SECTION

* FH\}N T VIEW IN HALF SEC TION (Show Hidden | fnes In Upper MHalf)
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JOFRONT VIEW IN PHANTOM SFCTION
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Front and left side views
Top view in full section
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1, »ection views are best for parts that have many auternasr feature:s that
#ould otherwi:« have to he shown bty hydden Llianc,

N n half -ection shoul> be ised when an rchject i+ ym ot~ cal and has both
internal 1nd external fe-times that need tao be -~nown,
[ 4 -
3, Ho, Jpacin »f section lines is nmrually vrororticnal Yo the overall
cize of tne irawing, Small drawiacc <houl i Fave sect on lines
»racod clower,

“e No. Jutting rlane lines are oft=n not rhown in {111 and half section views.

EXFRCTSES
1. BASE

Block I

N . N I -

. [ . R I SIVEN — TOP -RIGHY $I0F

N ) .. N AND PICTORIAL.
¢ pre—

ORAW S PRONT VIEW I%

PULL SEC)ION.

* 2. OPERATING LEVER
SPERATIIG LEWER WAT'L CRs
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EE
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1 1 YEN S TOP AND RIGHY
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: . B Y
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H ' ORAW = PRONTY VIEW IN
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: l t : [ PICTORIAL 1N
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3. Tlunger Retainer

TLYNORN AETAIRER AT’ -c RS

|

SIVEN = YOP AND FRONT VIEWS

— -
ORAW o RIQNT 3IDE VIEW 1N
"‘L —_ 1= MALF SECTION.
S — ) PICTORIAL 1% RALP
sccrion.

N L L.
Qewa &L 0 2
dnddnlch i <

l. Tne pnanton secticn is best for objects witn large uncomplicated int.ornal
cavat: es,

2. No., ‘'he intersections along the angled poriion of the section cut m st
first be revolved until perpendicular to tbr: line of signt between tle v.iews,

2e Space availavle on the part drawing. removied section View shoula be nsed
when too crowded.

*« 7 . arrows on the cuttinz plane lines indic tc

~etters are used to distinguish the various

the Jdirecticn of view.
ection cits.

O

ZXERCISES
1. . GUIDE SHOE QUIBE MOE - NAT'L €
‘-]A T
[
1
¢
. .
;
| SIVEN® COMPLETE FRONT,
[ TOP AND RIGHT 3108
y
4 ke | | e
4 — DRA® ¢ ORAW FRONT N PMANTON
. ":7,‘/,”7"/‘ sECTION 8-
4 ' v //,A;({n SRAW RIOKT NIDE in
L e | —! "~ .L‘I-L_— PHANTON MCTION A-A
R, :CTIoN -8 $7CYION A-a

I

-
s
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2. BRACKET snAeREY wATL  cas ; * 7

ALL WLES TRRGweN -51-
a 4
p.
| —¢ ,
4
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: | |
) HEB
! J 1)
4 ‘! . : e SIYEN s TOP AND RIOHT SIDE
e 1 TJ ”+"'. } T
iy SRR
* | ) Prdrtaban AW « FRONT VIEW N OPPSEY
! N l '1"["[' AW o teTion To tNCLUSE
' | l My ety PEATURES A B, AND C
v \ HItHE THH EMOW CUTTING PLANT
1 . B T T
3. RACK
- o) = e =) /| = ¢
————————————————————— s M
T T TaT T ™ T '
§ b P {028 { I b 0
- L] B |} Ly !
- ! b - T ——— 1 ks - '
N P : - l iV :f H
Al Bl- Clw— -1D
1Ty ‘;TT“ 1
] 14 4
SECT i A StcTion B 6 stCTioN C-C VIEW D-D
courry Ut (gt VDU e S0 Doutstt s g

REAAOy D ST L D S oVED VIR

v ynm e - e
CrArT.t TOUFS

lo. 3Secticned view. .rouid be iased when an object ha: many internal featuares
that would otherwi..e have to he <hown by hidden linecs.

2. .ection lining defines the colid areas< on a part. Various materials can be
shown and ‘he direction of cection lining c.n be varied to make parts in

an ac-embly section stand out more clearly,

2, n offset section ~“*t~1 aitlow. more part features to bLe chown than the
fui. section view,

=+, all section views 1n "ot recuire cittines vlane line., to be shown. .ome
companys do not “how cutting nlane lines on the full uny half rection views,

5. srrows on cuttias olanes indicote the direction . view,
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CHAPTER VII  BASIC DIMENSIONING ' =54~

Section 7.1 VEAYS FCR SFECIFYING CIMENMSICNS

mre part srawirg shows the shape of the part, Limenslons must
re srecified to show the size of the part, Limensions should conforn
+o accented standards such as U,5.A.S.1. Y14.5 for style and place-
wert, Too many dimenslons can lead to errors in vproductlon, Too
“ew dimernsions can lead to lost time., lroper form, location and
cresification sre essentisl for qulck interpretation of the drawing.

DIMENSIONING CONVENTIONS

DIMENSION LINE
e N LEADER

. ~lo - EXTENSION LINE
“ 7 Tyt .
‘ig. .1 Extension lines, 3'{ v PCINT TC CENTER
fimen<ion linecs, leacer 3 ORILL=y
linec, arrowheads, A i ! g 13T
Aimersioned part is chown, — , rox
‘ote *trhe sive, vlacement, r s e
sracing and form for the L3R c "
iizensizns, e -
b -1
L e Y Y ¢ {
/Y i
3GAP” HTT;—' "1‘35 - — C A
‘N
H%* Lo . -‘»mmuuu SP'A‘C[S
—e
ALIGNED ; UNIDIREC TIONAL
b} - 1. _
. i
1z, 7e 7 Aliﬁz;ned and ] I Sl
nidire d |
anidirectional imension An f‘l" ) }omu—zuous I ,.|%.1 - 35 0M1L-2 WOLES

riacement, The unl-
iirectional system’is
rererally preferred.

71a Loz oss]

4 e 252 C

f
! - } : 6 60
Chnewl rantinay gl ol ' 3/,» + (05 - ,‘1 é /{\ ‘\/
" . ’ * » . ' y A\ e ~ -7 ’ i ‘- J
R A 1 AT e - -~ H
- . - ] - ' )
’ E ; "4 ! ) i ¢/ LR
te o F - N =l eT,
_ua] ~imensioning may te 13101 - )
ereci®ied so hoth inch anc P rig57] 30%\
re+tric 1nits can be shown, 36 08 / .

DIM. IN{ | ARE MILLIMETERS.




Ak Lalb Placement of dimenslons,
sn adAt*lon to proper slze and . :::ifc:;:
spacing, a dimension should be : ot
loecated in the correct view, 4;}l“m“”“
Place the dimension where the ;
shape shows best. Avold
dimensioning to hidden lines.
Place the shortest dimensions
closest to the part.

~N

’Liln 33 '1‘

A DETAIL WORKING DRAW!NG

Standard sizes, Many items used in producing parts and assem-
blies are avallable in standard sizes, Examples are: screws, nuts
and bolts, bearings, pins, Machining stock i1s avallable 1n many
materials preformed to accurate size in many shapes llke: round,

square, hexagon, rectangular etc., Thin metsls are specifled 1n
gage thlcknesses,

LABORATORY

1.. The student should be able to demonstrate the proper line
teclinique in adilng extenslon, dimensior, leader and lettering
guide lines to a drawlng for dimensioning. Form arrowheads.

2. The students should be able to choose the best placement of
dimensions based on shape of part features,

L4

2, The student should bte able to convert dimensions between the
cractional inch, decimal inch and metric systems maintaining
the same relative accuracy.

4. The student should be able to locate tables specifing standard
sizes for hardware 1tems, formed stock shapes and sheetmetal

gages. ’

SECTION ITEMS

STUDY QUESTIONS

1. «hat is tre minivus ded b4 for Lotterin - on a rawing’

2e I using fracticnal dinencioming, whal 1o the candnar boocht for L tetat
fractinn®

4, «h t 18 *he correct lire thickrearn Tor extention linel?
Wil 3o the correct dennity for ontrniaon lanes?

Yo a3y - 3 Ar, - P B 3
Ly Unue, wnrt comdirtinng raedd mroshcads be Wigrhrnd in?
c -

5, Tan dinencions bo grsced within toe o ot s oang dtnerd

6. it a diwension i, oprcified 2470 ¢ 02 dnchos, whet i Lhe wetric a0 o 0 alT
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Section /7,2 STANDARD METHODS OF DIMENSIONING FEATURES

: PR N ooy . P~ a5
“odic direroyecans regiaire s uoRnca 0 L <

- 2 o - 2 >

. ‘ f "
*1g, 7, Angles, Angles are N Y
2imenslioned by glving the length ¥ ' N
of two sides or by giving cne -
cside anc the angle in degrees., ~

[} L
~‘ 30 o 60. - - 2 L 12.

“1g., 7.7 Arcs. An src is less

than a full circle, The radius

is wenerally specified, Important
radil should be dimensioned by
‘locating the center and giving thg
radius from the center., For unimportant
radll, rounded corners, etc,, just
cnecify the rsdlus,

“ig, 7,7 <Cylindrical holes and
cvlindrical narts, Holes are
usually srecifled by dimension

in tne clrcular view, Cylindrical
suriaces are dimensioned in the
rnon-circular view, The diameter
of the cylinder or hole should be
Zzlven,

¥1g. 7.9 Hole iatterns, The
dimension to the center of the
hele should be given, Centers
can te located by angular or
coo.dlnate dimensions,

. ‘i(uvj ORIL, S MY
f CGUALLY SPATED
3
D
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159 \P \+j

Fig, 7,10 Arrowless
dimensioning, Com-

plicated hole patterns 81 ———_h{;L_____ﬂ_{?L

in parts can sometimes
be dimensioned by an Frn &
distances from a fixed . hd
location (datum). e5
Hole sizes can be 0
tabulated, /7
) Datuir -
019 R 19 183 250 zEr 312 350
SIS | A [ ot
WL O 7o) !‘ zr;i

#1g, 7.11. Rellefs.
Rellefs are undercut ) {::ET:::::H
areas used to facllitate 1
machining or assembly
of parts,

e ]
’ : _: A B
~ig. 7.12 Chamfers and rounded U Eiﬂ,

corners, These featurs are

designed on parts to break sharp

dangerous corners or to facllitate

assembly or fabricatlon of parts. g~\_

E%E;mjoiz Slots, Machlined qulum_Jﬁ '.3
slots should be dimensloned to (LMW_A",I
ceniter line locations. ’ «

6o
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GUA L -
.S
! v .
. AT
j\ re {' -6
=i{g, 7.14 Irregular curves, P {
CoordInate dimensions are '
located along the curve, * : ;
¢
e 56 e~ |
—a~~lj6-'4
-~ —- ---- 2,00 -

1

LABCRATORY ¢

1. The student should be able to place dimensions on part features
according to the examples listed,

SECTION ITEMS

STUDY QUESTIONS

bo  Live or o slcieh tuo o thade of din o oym e s encle,
:

Under whart conditions should the center of an arc be located.

& B .
9 aole cnmulie be diaraci

b theteh teo retholl, of direncionia  thafte and cylinders,

. . , .. . ,
Do G rol Uo ditiey don o chy o

y ¢ ronn’~d1 earner,

EXERCISES

Flace dimensions on the following part drawings.

£,



NIMONSIONING PRORLEM #1

Fully dimencios the part using
fractional inch dimensions.,
"se dividers and the scale at
the bottom of the sheet to
determine lengths.

BRACKET

ADD ALL MISSING LINES

ﬂ*WYIvrT
0




DINEZNSICNING FRC3LaM g2

Fully dimension the part using
decimal inch dimensions.

Scale = 1/? zize.

(1idasure to center of lines to
get lengths,)

el S

e — e

-09-

N
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DIM=NSIONING PROBLIM #3

Fully dimencicn the part usin,
metr.c dimeacions,

Scale = Full size,

—t 4
-
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nrormatian resatin Lo cec1 .

Ly weldins .nt Jocnin rroce:

Fla. T.i2 rill, -ore, <oam.
— O

s
4
~Xalliie, ar> shown «here the acti..

macniniae proce o 1. named.  JSome

MPun e~ prefer showing the size
as 1ia. (iiameter) oniy with no
r,

retersnee Lo tne rroce.

Tise e £€C.iL n3le
—— e

N3aTR . L7ege Arg ro-
Tilre? lor ure 41tn head

“1°. 7..7 rreatel holes
——

wnenever tareals must be cut 1nside

+ role, <he 1nformation for the
nolo aze and threan note must be
vy from .tancard tabler,

aeve nots s mult te written 1n concios
cWway Lror the fimen.ion wd extensiorn
er the e noter, Followins are example -

>

urtace

rroce

rrven 1n notae form,

'orm a1 placed on ot irawing 1a areadn
compinies have a standard torm
ucual aote form and standard

THROUGH HOLE

reReraL.y d.ed whe
celf iozkings, or
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a o -

Tig. 7.19 lritical diameters. Limit -6 3-
iimensions may be specified to sive the
aliowab.c rans: of Slzes tor a shu®t

or hole,
M DRILL AND COUNTERBORE SIZES DRILL AND COUNTERSINK SIZES
Fi-..7.20 oJriil and counterbore si.es. tﬁ%'ﬁgq - e,
. 1 TR ‘e

~learance must be alleowed for the bLody e t ) . e

4 . N . 4 M —
and heal sizes for common rastener s, o .
. v . —
sorr=ct iiuameters and de;ths can b R , ’
obtained from tatles or ty lookin: ur a-
tue fa-tener head ize sni alilng |
smail clearance.
. . 2 un sa LT
rige 74l xternal tnread. Jhrend ; . ’

T - »

diamcter ant number of threadc rer inch NI S

are crec fied,  laformation oa standard - 41

taread Lilzeo, ad mumhoor 0! throag: rer 1nch

¢

I obtaine? iron table.,,

L
!
P - e . N 3 EV f
TiRe Jeoo r2ys.  neys sal Keyways are o ha =
uced to yvrevent zlirpage hetween .'a‘t LA g g
R . — . N £4
and mating part. otandari tyves a d t//' o
21ze  are obtained fran tables. - - .‘“
, !
.//
.
Cr AWING MNTEA C

Fi-s Vec’ rnurls. truai-cat and diamon
ghaye., are comion. .allout ca. opecaify ansr o rva MR ’
P STRAIGHT -
flne, mediam or ¢coar e, R -

o .
why CE T 4 o
r_l
|
r /
[ - 4 /
Fige /. 4 JSymbole. .:.cli. ymbod:
—r R
are ure? to avold lomgr notes,
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bnosCda (0o

1.

5.

)

irawing,

Jhe student should be able
in tables for internal and

‘he :tudent shoul: b> able

N ANT N halAYR]
[P OX' i uus

e

STUVY L UESTIONS

-L.

~hen a drill depth is specified

iriil point?

--.cw deer 15 a spotface”

-

- 12 student chould be oble to use standard notes ani Lymhols

on a dimensioned

to write ctandard threai notes from information

extemnal threads,

to calculate ~lea.ance hole s1zes

+hat is it used for?

«hat ic the advantage of a woodruff key?

~ry 1s a taper pin used in preference to . strai-ht dowel

Can a "blind" hole be threaded all the wa7 to the bottom?

~

LXERZISES
e o)

arite a threai note for an 2xternal thread on a shaft.

- Length of thread - 2 1/L in.

srite a thread note for an internal threaded hole.

above, bole ir threaded all the way throuvh,

for fasteners.

15 1t the entire depth of the hole to the

pin’

‘lameter - 3/8 in,

to mate with 1

H
srit+ a ir;ll ani countorbore not» for a 1/7 dia hexagon socket head cap

T,

i
“rite 1 irill ind countersink note for a /%

dia countersunk heid cap ocraw.
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LIMIT DIMENSIONS

NOMINAL SIZE

i A DESIGNATION GIVEN TO THE SUBDIVISION OF
THE UNIT OF LENGTH HAVING NO SPECIFIED LIMITS OF
ACCURACY BUT INDICATING A CLOSE APPROXIMATION
TO A STANDARD SIZE. —A SHAFT 2" IN DIAMETER.

BASIC SIZE

THE EXACT THEORETICAL SIZE FROM WHICH
ALL LIMITING VARIATIONS ARE MADE. -2.000°IN DIA.
ALLOWANCE

AN INTENTINIA DIFFERENCE IN THE DIMENSIONS
OF MATING PARTS.
TOLERANCE

THE AMOUNT OF VARIATION PERMITTED IN THE
SIZE OF A PART,

Mo
N
t Tt Toler 1
! Loy (LIRS I ., (e (0, el (0 0 03§ 00
60 IS} O, [ (AN (o, o hooy [E R 4 O
' NEARE] [ (1,2 TN (s [ (o (. na, on:
P 27 ¥y, -, [ P T [ Tt o, KER O 010
P MR (IDNE] O, AN Goi2 i (13 (R 0 a1z
40 YAy o d Vo (71 [ N ) coq 1‘ Y (15
’ 1 ]“ !}ur. [EIQERE {11 (9] - (2 (3 (",;,: T ) ﬁ')\,l
! Ca) 7,7y ] [SIVRR 00 NG (we, [ORES! 0. (e
Fopiaran
1 4
o
i ot
[y
BENTOR R A

Fig., 7.2% Jaciaine tolerances,
if tne machining process is known,

tne tolerance

can be arecified

ba.ed on the capabiiity of a
ce¢rtain machine.
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ind [y R ~ .
- : -7~ .
3
- - , Blut Lt of 3 et the rutn.
. Y T - e Lo
— - —_— ., -
1 - - ) ‘
. - P
- ) ’ -
) -
s - -~ i
- - ¢!
; ,
. - - - - ; < 7 l\ -
Fige 7,29 U.l.aul.]. tolerance
. torles,  Chese tu.erance:, ar
w2l e 1t rtat t - Cnl- I . . :
~2.ect to 1t o wertain part Lootoanly wosmall pdrtion of o.e tavle is
canctien,  Jolerance.: are Jhown,
sieCiired wittout resard to new
e nart feature 1., mycnined,
‘nxumaile: Calculate the nole ani chaft li~it dimen dons for a1 3 in. dia.
(Rominal a2 using nn xC-b *1t.
. . - R N o . R

1. .ook i. ti- table unier ni-5. e 1 3/ 3ia n--inal ci1ze falls
hetwean 1,13 and 1,97 inche:-.

<e 00K 3arross to find the plus an? ~inis variation from tne nominal
a1ze. lotice that these numbers are exrrasied 1n thousandths of
an inch,

7o arite down the nominal size twice tor the =naft ca.cula*ionz and
twice for 4ne hole calcilatione, a1i or cubtract the limit: from
the tabie to ret the il lirit limern:ionc.

ACLE, ShAFT
1.575‘) b . 37‘:’” 1 05')5 2 1. 5750
+ 015 s D00 - LUt - 036
1.37%4 143750 1.3730 1.271L
(Max ('iin {(ax (“in
lirmit; c1mat) Iieit) - lizit)
GEOME TRIC CHARACTERISTIC SYMBOLS
TRUE POSITION ® Craracterahe Symbat
) posdonol | ONCENTRICITY 4 © FLATNESS (2%
Towrences . STRAIGHTNESS —
SYMME TRY (%) E -
s ;‘; ROUNONESS(CIRCULARITY) | ()
5 Feotue [CYLINDRICITY Vo
é PROFILE OF ANY (INE ~
Fiz, 7,30 scometric ol rance Symtois, § PROFILE OF ANY SURFACE™
(e g™ olo 4l0m,, Ait. men: ion..e - ARALLLLIOM'? H
apprrel tc tne _ymocl.  r used to ber ("E""‘:FO;JCFUQL‘;’)\R'" J,
show tolerance. between reiated Lart Pewtea |[SUL: =
{eatir- T {NGUCARITY <
e e QULIOYT Y /

O

LRIC
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S.CTICH I10hs

SCUDY . UL IONS

1. 4hat is a unilateral tolerance? & bilateral tolerance?

2. Using tne title bliock tolerance block in fig. 7.26 what is the implicd
tolerance on a dimension of 2,38 inches?
rewrite this as a limit dimension.

. accoriine to (i, 7Y " Ahat 1 LN T wvar it e o s we ot re REFI1EY
e oot e R S N ’

4
O e e’ B . . 2., nI lo Lirance cor a2 tu
G ok lla amitho ree x bl el Lo toleraaose gy <),

5 Calculate the 1imit dimensione ‘or a l/2ﬁdia shaft using a RC-5 fit.

&, <tonvert the answer tc prob. 5 into metric equivalents., Be surc to maintain
the same relative accuracy.

CHAPT. R ITZMS

STULY UssTICNS

l. +hich dimensions are selected f.rct?

2. Can dimensions be placed con the ohject?

3« which dimensions ar: placed clnsest to the object?
b, = hole should be dimensioned in which view?

5 Are aligned or unidirectional d-mensiony prefered?
EXZRCIGE

Fully dimension the following drawin;:. Use decimal inch dimensions.

ve
i
{ .
Q
ERIC
P i
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L
+
_7l~
s .
l\.h.:-vu.' S
v Gl Ilnad
- cou il 7,1
e fiv el
i, Animur felght Yor Letiering on engineering drawings is 1/ in,
<o -he total hei-ht for a fract.5nal dimension shoul i be at least 1/4 in,
%e  llne thicknen. ror sxten.ion .in:s shoald corrcopond to "thin'" on a i-ne gage
cn rt.
~ine Jencity for exten ica liie., Lshoild be, sLACK.
*e vOMe corpanys prefer arrowhew s, he blackened in especia ly where the irawin-s
ire to be riacrofilimed. R ]
:. :‘OSQ
Te 3472 £ .03 1n. = 33,19 + .76 gm rounded off to consistent degree of accuracy.
SL0LTUN T, P
o MY e
f%
1. ~ncles can be dimensicued by -ivins the length of one leg and the irncluded
angle or by givin- the leagth of two lexs of the angie,
"« ‘he center of an arc .nouid b specified when the radivns i3 a critical location
from the center,
fe 0l2s are usually dimensicued in the circuiar view,
! : : < ) ~
. i7ensionin’ ¢haft and cylin.ere: X
; Dia.
X J
— Dira.
% -
. —
— Dia. .
x e OR '
e wltencionin: a coamfer: Jimensionins a roanded corncr:
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te "he student should ve able to layout a block diagram from a rough cketch,
w1vout shoul i reflect the oroper block sizes, spacing and function
lettorins,

Ay . .
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s .- .~

[ | 'y e U0

e what 1. tn> advantace of a block diagram over a\uchematlc diar-ram’”
< Yast block: always be rectansular in chapet

3, #nat cecide~ the si1ze of a block®

“+. .ow do you determine how rany hlocks to use”

~e iinw woill a feedbark circuait be snown on a block diagram’

rem o N

', SUR PN TS Jute )
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- +eionvert tre cneratic discram to 2 olock diagram. ‘e the Tunctions rrinted
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SEOTICH 2.2 CONNICTION DIAGRAMS AND INTERCONNECTION OIAGRAMS

Sonnection diagrams chow the wiring between parts of an assembly. These
drawings show the actu . wiring inside a particular unit. They are often
used to instruct assemblers on how to wire a device and how the wires should
be routed.

Interconnection diagrams show the external wiring used to connect a series
of individual uaits, These drawings are often used for field assembly and
instzallation purposes.

Fig, 8.3 Wwire coding. “ires Color Abbreviation Number
used in connection work are
usually color coded. The color Black BK 0
1s either abbreviated oa the Brown BR 1
drawing or shown by code numbers. \ Red R 2
aires may also use a base color - Crange 0 3
and one or more color stripes. Yellow Y 4
Green GN 5
Note: A wire coded 2/3 is red with 31:;ef\ gL g
an orange stripe, Gray GY 3
White W 9

e ———

Tig. 3.4 Typical
connectior. drawing.
nll companents are
noused in the same
enclosure or chas-
sis.

ey e m e e meam
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Fig. 8,3 Feed line connection diagram. wire destinations arce given. This
type of Jiagram avoids a maze of crorsin- lines.

N Sy ey
e e —==
] /\ b ‘b-—u z
'““tiz J4 g
\ . '/T J
Fig, 8.9 +lug, Jack, terminal S | ]
* ‘board etc. pin identification A
stem, —2 5
’ > 2-F T8t
S -6 7823
' ’ é ‘3-8 IEe-S

6 £4-5 TB‘-'-—"‘-—O

TB8

~TBl4/4-8210 O}—
—RI149/)-84 40 Of—
—T814/3-86{0_O—

. \—-TBIR/2-B4
Fig, 8,10 wire destinations are
Ticted alon: with wire code. "B2" —TB14/2-86

(B- #22 gA. 2 = red) —RI48/3-BT
Letter identification per chart

somewhere on the lirawiuge r‘RIOI/Z'BQ
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1, he .;tudent should ve able to iraw or nketch a connection irawing.

student <hould be aunle to read gt wrige warfng .ints or charts.

vt o ~
wioa il 1ab MG

32U0Y WUESTICHS

‘inw are wire colors icnoted”

1.

2 Is there a general rilc regarding the color wire ftc use hased cu the
circuit. function of the connectioa?

3, .hrat is the correct identification for terminal 7 orn terminal board 37

4, 7., cclor codinz the cnly method used for marking wires?

5, ahat is tne difference in the feed iine, base line and point to point type
connection diasrams?

-

<y T

- -
DAL IoLD
kbt

1. .rite a wirinz list for parts 5 and 6 on the feilowing drawing.
(ot a.l pin numbers can be shown due to rirawing size limitation)

liote: rartial, simplified table is shown.

7ok 7R0OM o0 N1re, GAGZE
, NC. COME, PIN SCHMF.] PIN JCLC™
: 'S 5 | 1 Y 2
’ 16 .
r_____ﬂ______w D
[
- e B -t
et ted— -
" T 7
Q f

ERIC
U;l

'




>

/
-fary 2 n ELoITRON /z - .
- OAR” \ L5T3L TLoE At 10 pe N
[ LOCAT ON ‘ U i 2
YT ! . TS ASTRAR) 1TTM OV w2l

I \ Planat \ / [ SLEEVE I8 moseia ,
|~ rarT PRIWIRIX
« / \ ’ \ ¢ 67 \ 6 -~ DIREST WIRING
REFEPINC ? ryr
A g 5 1 — . L S IELD
[} G .~ ‘T 1 /
\ * £/ L. = J SER I 4 TEPHINATICN CF
< O— A7~ R LA L A" SHIELED
V] oANdIY maRT ! \ s 6% V2 V CC4DUCTOR
CEED LINE - / S s A | RIS T R A e B
b R 3 i ’/ //ﬁ:__:L"C‘ | / L \ J"’ /('Ct /s //z |
) " ™ i ;
D% rm s / N T - SECONIARY |
COLORES - £.7 pur A ce [ S |
PraTATY ¢\__ d == -., \ A o 13 é ( CABL
L — N X5 J - ¢/ x®] INDICATICN
\ 1 ’4 /[— //f £ r:
—~e ) A= C 55 0|/ o, » - © of
per | = A 137 L
wiEE COL00 ASSOC d 1 e o —\'J Q { | @ | ZER4aSST L) O
VTR LTITOATION & < ) > e £ o 3l s B 3 N L/
I WL T [ R 2. S
‘- - A were e~ 7 x 0y
SRR E 3 sl 3 2 B EERE R NN RN
A A S A S I I B A © S| sermen surrx
,ﬁD ¢ ADDITICN AL
[ v v 1 i~ ~ FEED Liu°
CESTINATUOM-(ICATION Z ol o < < > SN BRI B &l ol w IDENTIFI2ATION
NLMBERS L PENTICY b3 ¥ Sce] a0 ) W S ' S B ] B IS REQU-RED
PRI CTETIONS ) © o| g R > >
TO WHICY Flfe g N - “ !
AT S G Carte s 1 s Al 3 b
- Live o CLRT SY4EDL ~ % N e
: b Q S I L Q
. . SURFACE WIPINE ~———— « Vit |- PAIFEC YIRES ‘
v '\\“ «~ *
HEy msEr ~_TT* 51 [ ik NS p/
T, / srusot o PG o— -
4 ¢ o /2
. /0 .
r7 ) r2 - 73 7 TERMINAL
: o | o} ] [ o) ‘/J/ DESIGNATION
4 < i / 2 i I !
€ —‘l ‘
, |
LU Fig. 8.11 Drawing for exercise no. 1.
P . N
O

ERIC

Aruitoxt provided by Eic:




SoClUION 84,3 SCHEMATIC DIAGHAMS

\~ ~Schematic' diagrams use symbol:s to Jenict tre electrics,
part in a device. .'ifferent tecnnique= are ased to draw sthematics 1n various
fields; electronic, electrical and arcnitectural. working with schematics in
each field involves knowing the symools used und the conventional methods of
showiny the connectione.,

-+ -
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Jymic .l scnematic symbol.s used in electronicc diapgrams,

e exercise ‘i o1n section 5,1 [or typical electronic schematic diagram,
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-87- N~ oL Motor FC

u— T
.
L? -‘—m oL Stotor FC
L2 —{} ~— Dschorge o
@ resisfor }cww
Fig. 8.13 Typical indus’ Reacter [ £
schematic. A.C. motor : “EE } p
controller is shown. pevw— , < St FC
st oL O -
MFI—‘; AO-IQHHHH (
—- {t...
M FC 08P 410 sl
l——H—-T——JF—Jrf«n:-‘ 3}51‘ T
R
—H——¢
s S = Switch
S3 =  Three-way switch
4 = Duplex convenience outlet (plug-in)
£ = 220v outlet (plug-in range, etc.)
S._ ‘,O =  Relay
O = Outlet (light)
M = Telephone
@ = Other outlets -- letter inside means type, as fan, heater, etc.
R =  Any letter by a symbol means something, as R = range, Dim = dimmer,
wp = weather proof.
EXAMPLE ¢
K S
P
./
S s) |
4 >3 ~ 7
- ~.
Ss
L. B W

Fig. #.14 architectural symbols and sketch of a floorplan with nymbol<.
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LASCRATORY

- The student should be able to sketch a schematic diagram from a prototype

or pictorial layout.

The student should be able to draw a schematic diagram from a rough sketch,
/ T e

The student should be able to read, sketch and/or draw an architectural

schematic. '

S.oTICN ITZHMS

[SIHUPY

3TUDY . US37ICNS

l. «hat is the basis for spacing symbols on schematic diagrams.

2. 4ust schematic symbols always be placed verticalily or horizontally?

X, +«hat is meant by part ”identlti” on a schematic diagram, wWhat are the
ruies?

4, In what waye are industrial schematics slightly different from electronic
Schematics?

. In architectural schematics how are 220V circuits shown differently from
standard 115V ¢itcuits? .

1 [~)
LXZRCTISES

Y ]

sketcn the schematic diagram of the unit shown.

A S B AN O
‘ ! f A
+ —l - I
| ' [ P4 ,
T m (ﬁ, \
S s : 31 1 Mete
;! :3’><\J = ! i’ 1 Resimtor, 330 4
j _'JI wl I : RS 4 Resistor, 10 oneg
- o’ 2t .
o] c T K L Rosistor 22 b o
- .- ‘f‘u—"i—}“\{ > I Besistor, 1400 ohi
o ommm ks kil o33\ R6 1 Reatotor, 27070 o,
AT N —}\\Q N A L2504 4 dake
! U BV N AT P
- =7 ol ;J LR
;\ . \4,/jn \\\\, ~
N Y S

(A3

O

ERIC
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Zketcn tne floorplan for a classroom, labratory or shop area and show the
architectural electrical schematic for the wiring,
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<4CTION 8,4 1OGTC DIAGRAMS, INTEGRATED CIRCUITS, PRINTEZD CIRCUITS.

Micro-circuits are fast becoming a standard item in industry. They can be
designed with many components inside a common case. These components are wired
internally to perform a pre-determined function. Design of complex logic and
electronics circuits is greatly simplified since the designer must only pick
“he proper building blocks. Charts, diagrams and drawings are needed to assure
tho correct connections, power inputs etc.

Most micro-circuits are wired and mounted to printed circuit boards. Special
drawings are needed to produce printed circuits.

#

AMEL LR

I
D '
s

APPLICATIS T
Fise 3ol Typical symbols used in . RU:”A@U tt
» Iy g 2
lczic diagrams,
- o4 8
GR ———tat A [ 2
' I::> A
FYCLin (4 o

()f D
[

i)
v

e
S

‘ E o i j 13
Fig, 8.16 Integrated circuit. ' ;" O Al
This has four separate circuits . . ) al 5.

in one case, Note the input, , ' : ; . &
oitprut and rower connections, : [:“‘ :]‘°
v . . .
v o H ’ E > e :] ?

0t “,o¥y [ A, uy

;

: l ' A i f

' ! 0 U V]

! : i lo |
U i ]
L I S

fn " 7 s

Fig .17 Internal logic inside the package. Note the four separate circuits
211 the input/output notations. [lo the right is a "Truth Table" showing how
the circuit reacts to various inputs. 1" = yes or on, "O" ~ no or off,
{‘hir notation can change for —ome tyees of logic argument.)
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Fiz. 3.18 Component outline drawing. The designer must know the eloctrical
and physical charactoristics of every part. Parts manufacturers supply drawings
cimilar to this one for desiga and purchasing purposes. Fig. 8.16 shows an
outline drawing for an integrated circuit. '
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Powe.
s 70°C

1/8 watt

1/4 watt

1/2 watt

1 wett

2 watt

h i
T

Fig. 8.19 Component outline drawing for resistors. lLarger wattage resistors require
larcer case size. Hesistors are available only in the sizes shown.

1.3t 004", 13t 0.04"
! L

L ‘
D ===
Fig. 8,20 _Component outline drawing ' Aﬁ_fzqi:;_—

for one type of capacitor. Capacitors
are available in many case styles and
sizes.

Dimensions (inches)
Can Sie_ | ¢ 0 (Mazsmum) ¢
0 260 T0032”

_0z60 T Toez "0
0327 0032
L 040 | 0012
0410 0032
0509 0032

* Insulated

Fig, 8.21 Component outline drawing
for a transistor. Transistor case
sizes are usually specified as a

TO- number (Iransistor Qutline)

iote the connections, emitter, base,
collector, pin orientation and spacing.

Fig. 8.22 Component outline drawing
for a diode. DO - number (Diode Qutline)
Diodes must be oriented in the circuit
Q correctly. UNote the banded end om the
ERIC ¢tode
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+ECTION ITEMS -93- ' #
STUJY UESTIONS . )
1,

Explain the logic functions of; or, nor, and.

What can be done on a printed circuit toard to avoid crossovers of circuit
paths?

3. Where car vou find information or the size and pin functions for integrated
. circuits'
4. Zixplain the process used in making a etched circuit board.
5; Look up the prices on some of the 7400 series integrated circuits, Would
Jou classify them a= expensive or inexpen:live?
EXSRCISES
i. From the connection diagram and pin connection information given, prepare
a pin connection chart similar to fig. 8.2k, ‘
1
. . - (01
N Lo [t} Lin LN t v Ny
ETVS V27 B Cae: BI60 Sii2 tied N2 B LNy e = e
e rr” | 2 [E*L [ 1
1) ’l"‘"[: c .
A e € £ J
o [ — ’
Y DYy Crs
A 2261 Cg
) T
4 i
: B LPLUTAN Cea
a 2 TR
1 L:b—i I“’. V“- 2
2 E'—" C ] D . E-—d o v "
H —1 M F ]
. L, " " H E'_‘ ¢] L8 ’—: [}
Pt , A " ) E'—‘ " * D—‘: "
: :'_‘ N . . E— n U b—: "
'Y C"“ Gy [} b"D ”»
? E'_1 " . .
' E"’* v ) C—W " ) H: ’ - S
< O ' we_ )], Note: Connect aT+
“ E*—- [ VCC p1ns '
W [ “ 8261 Connect all gnd
O . pins.

lu;
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2. Using the data and component outlines ia this scction, sketch a 2X layout
for a printed circuit board for the circuit shown,

Note: Usa 1/2 watt resistors and can size 1 capaéitors.
Use TO-18 size transistor case,

R4
oK




CHAPTLR ITEMS . -95.

l.

sketch a block diagram of the automotive electrical system shown
JUNCTION

below.

SWITCH

4 INDICATOR

VOLTMETER

2. Sketch a schematic diagram of tne device shown below.

3. Using the componert sizes given,sketch an etched circuit layout to replac
the "verfboard' unit shown, -




~0¢,—

4. write a pin connection chart for the counection dingram :hown below.

N
[ O
5
o1
i S
| =
X S
]
|
by
i
N s T ! My N, SR SR B Y £ SNSRI SR S
R Yy
[ I
i oo
i i.“
! 1 1
/
_____ I O A O O I O O .
:- '-5 -: .[:7—<.< —13,
. J1 JESNECY
] I [ l l 4E__Jz :'—'31
‘10‘"‘ | .E__‘," "-‘:m
| : A[:'_"a ‘x—’jw
: | O G
L- ________ i_- ____J l[:L'" l-—':”
\ Ny ' ‘E'——" 'n_-*:'l
‘\E‘—‘i |'—':]u
- O~ —J
' o*—(j,,\

%266 !

>. Jraw or sketch fiz. 8.8 as a point to poiat wiring diagram,

o 1~
ERIC L
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ANSWERS

SECTION ITEMS N

SECTICN 8.1

l. The block diagram gives an overall picture of the device without regard to
the exact components or wiring. It allows much quicker interpretation than
the schematic diagram particularly for persons not trained in electrical
or electronic circuits.

2e No. blocks sometimes take on the shape of schematic elements.

5. Block size is determined by the wording that must be placed in the block.

4., There is no real answer for this question: Block diagrams can be as simple
or complex as needed. Every electronic part has a function so the block
diagram could be as complex as the schematic diagram.

5. The feedback circuit would usually be shown in the lower middle of the
bY 'k diagram and the arrows would point to the left toward the inputs.

EXZRCISES )

l. [

[ ANTENNA e r,F, AMP [—e CONVERTLR I.F, AMP {» DRIVER P OUTPUT
X !
4 POWER SUPPLY -———9 SPrAKER
i
[}
: '
L
4
A
(Optional) (Optional)
2. Inputs ¢ould include: F.M. Tuner, A.M. Tuner; Tape decks for 8 track,

Cassette, Reel to Reel; T.V. Tuner, Record player etc.

Pre- Amplifier, Video monitor ]

‘Power “mplifier

Speaker systems and headphones,

1!
-
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+ SECTION 8.2

l, Wire cplors are denoted by a one or two letter abbreviation or by color
code numbers.

2. Yes. High voltage for example is usually red. 115V mains are usually gray.
3. TB3/7

b, No. W:L)\es may be marked by adhesive labels, paint, and sometimes by hot
etamping..

S« Feed line shows wire stubs with destination symbols.
Base line shows all wires in a common single line,
Point to'point shows exact connection of wires.

\,

EXERCISES \\
NOTE: PARTIAL, SIMPLIFIED TABLE IS SHOWN. °
ITEM NO. |t SR FTR—] WIRE COLOR | GAGE ‘
15 5 1 L 2 R-EL 22
15 5 2 16 - R-BL A
17 5 2 6 1 RW
18 5 3 6 6 A
19 5 4 26 - R-0 -
| 20 6 1 10 2 R-G
‘ 21 G 2 5-1 2 B
| R-2 6 3 6 5 -
i 22 6 y n 1 R
23 6 4 6 5 “pos
2k 6 6 10 1 Y
2 6 7 Bl 1 BR-W
26 6 8 b 2, Y
! K .6 CAP 7 - B
\ )
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SECTION 3.3

l. Zqual area concept.

2« Yes. Only in a few circuits (3ridge, delta, "Y" etc) are achematie 1gmhh\p
placed on an angle, N

3. Parts must be identified on a schematic diagram. These identifications are
related back to the parts list, Basic identifications are: R - 1, ¢ ~ 15
D - 7 etce In addition the value, voltage, device number, etc., may bg ‘shown
to make schematic interpretation easier.

4, 1Industrial schematics use the block format and variations on some of gke
symbols.

5. Different plug symbol and three wires instead of two wires.

EXERCISES
- J-2 J-1 .
1, ﬁ)
ffv*
R3
VA R
o VAV

2. Tp be answered locally.

S
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l. Trese symbols refer to the outéut conditioas of a device based on the input
coaditions. One explanation might be: (positive logic)

. - OR . .. . if input A or B is on, output is-on.

NOR . . . . if neither input is on, output is on.
- AND . . . . if input A and input B is onm, output is on.

2. Circuit paths can be routed under components - using the compoaent as a
'bridge", double sided boards can be used, jumpers are sometimus needed.

3. No standard reference is generally available. Usually the individual part..
' manufacturer’s catalog must be used.

3

4, ‘Artunrk, photo-negative, circuit boar& exposure, develop circuit immge, etch,
drill holes. . ,

-5¢ Very inexpenaive.
' EXERCISES

1. Connection diagram may vary depending on the IC-1, IC -2 etc. notation choun?

"IC-1 IC-2IC-3 IC-4 IC-5 IC-6 IC - 7 -8 IC-9

b e 2 e 2 e 2 e M e ey —em 3l
=R ~=2— 12 = 12—=) —=) —=7 —=)]>

. Seha SL6A7
14 3 = 11— 1] —=]1
15 —= i 12 —=12 —»12 .
13 13 —=13 —]13
1 —= 3 1 1 =]
15 —~4
13 -l e b e by
14 —e= 3 -5
b —— 8 N
13 - ly
14— 3 X -5
A \og
13 A 6
14 5
8= Ic-9
.
ole-y o oodcs2 o ue-3 o ic-4 . ic-s  MNUUN
flows “‘;’ " : J:‘” » 8§ glh " r i ) . :.' (7]
e ¢ tn s w8 w? ny LR
Li ;'] "‘ r—q‘ . ’_—‘
L="1 ITTT
’ 2
| S o A T
| 4 iC-6
‘| . [ r
! h—H'l'i'I"h ¢
\ U %)
iIC-7
Ir
]
'/ .Av'hn&mn‘n N
4iC-8 ©

)
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' I3

2. Urine the detn «w.d cormponcul out wires, in thins section, exetceh a 2X layout

for a printeca circuift heaed for the circudl shown,

Note: Use L/2 wett reci:tors and can size 1 capacitors.
Uge 10-17 1-=¢ trancictor cace,

1!,

(31
)' gl
Out™

3
4
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CHAPTER ITEMS CFAPTER.VIII

ig : iy
JUNCTION INDICATOR
s
BATTERY j—p BLOCK H WITCH -qJ AP
<
TYPICAL
2.
TYPICAL
nl ,
-®
"'ésl
3
—
L
3 2
'

NOTE: VIEW FROM TOP OF BOARD

USE REVERSE NEGATIVE

{
3
7
o
~
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3, Diagram may vary according to how IC's are labeled.

IC -1 1c-2 Ic -3 IC - 4 (I¢ -1, IC - 2 =
8266)
16 16 24 24
8 &7 8&7 ™ 12 12 (IC - 3, IC - 4 =
9 9 3& 4 8260)
1&2 1&2 .
5&6 5&6
10811 1o&ll
14815 14815
3
L
12
13
3
L
12
13
4.
\—
92 ¢
-
D
5 4 5
6727 6
2K




CHAPTER IX -104-
WELDING DRAWIRG

" SECTION 9-1 PROCESSES, JOINTS, AND SYMBOLS . !

The joining of two pieces of metal by gas, arc, or resistance welding 1s
an economical means of fabrication especially in the early stages of design.
A knowledge of the common welding processes, basic welded joints, and symbols
used, to represent various welds is a necessity for the technician involved in
preliminary design.

I——— ‘
L | I L L ] L 1 L |

BUTT CORNER TEE LAP EDGE

Figure 9-1 Basic types of welded joints.

.

N
AN 4 O

BACK FILLET PLUG SQUARE
OR BACKING OR SLOT

v n A . S I .
\% v ¥

", BEVEL I|U|| J

-

Figure 9-2 Fundamental arc and gas welds with related symbols.

_ TYPE OF WELD
' Flash
Spot | Projection | Seam’| or
Upset

O O &l

Figure 9-3 Resistance weld symbols.

- e ——T

. SUPPLEMENTARY SYMBOLS
Weld All} Field | Melt~Thru Contour
Around Weld Flush | Convex |[Concave

- | =<
A4
Figure 9-4 Supplementary symbols.

1.

A

1
‘.




FINISH SYNOOL : -105- GROOVE ANGLE; INCLUDED
CONTOUR SYMBOL ANGLE OF COUNTERSINK

FOR PLUG WELDS
ROOT OPENING; DEPTN OF FILLING

LENSTN OF WELD
FOR PLUG AND SLOT WELDS

2 PITCH.(CENTER -TO-CENTER
SI2E; SIZE OR STREINGT
FOR AESISTANCE WELDS F :::::cc)o::c:::.:: ner
REFERENGE LINE A ERENCE LINE TO ARROW

SIDE OF JOINY,.TO GROOVED
MEMDER, OR BOTH

SPECIFICATION, PROCESS) FIELO WELD SYNBOL

OR OTHER REFERENCE WELD ALL AROUND SYMBOL
TAIL NUMBER OF SPOT OR
BASIC WELD SYNSOL PROJEGTION WELDS

OR OETAIL REFERENCE

Figute 9-5 Standard location of the elements of a welding symbol.

Due to the standardization of welding symbols, precise information can
be placed on a drawing regarding the exact type, size, and number of welds re-
quired. The following illustrations show typical examples of various welds.

, DESIRED SYMBOL DESIRED SYMBOL
WELD (a) \ WELD °* (b)
: ]
2 0
‘ 8
' 7
k-1
DESIRED SYMBOL DESIRED SYMBOL
WELD . (c) WELD (d)

Figure 9-6 Examples of welds.

1
‘o &

»
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1. The student should be able to translate ANSI* welding symbols from

a typical cross section into 1 cl¢ar and complete statement describing
the required weid.

The student should be able to draw the correct ANSI welding symbols
—_ and apvly them to a typical joint cross section from a word description,

LLCTION 1TEM!

ey

1. What does o field weld symbol 1ndicate?
J. Ts edge preparation usually shown on a working symbol?

Wwhy 15 welding usually preferred over casting or forging in proto-
rypr fabrication?

EXERCISES ;

1. Draw the symbol for a 1/2" weld on the other side of the joint
at (a) and both sides at (b).

/ | AN

DESIRED DESIRED
WELD WELD

(a) (b)

2. Describe the following weld.

ERIC * American National Standards Inst]tute

. .
.
s

Y

. B /




CHAPTER TTEMS .

¢

1. Make a weld assembly drawing on an A size sheet of
vellum using proper ANSI SYMBOLS.

ANSWERS

Section Items

1. Welds made after the jnitial fabrication.

2. No. With proper weld symbols and notation a picture
of the edge preparation is not required.

3, Welding is usually preferred in prototype iabrication
becauée it is cheaper and faster.

EXERCISES (solutions)

1.

. y 7
Al . AN N

DESIRED DESIRED
WELD WELD

(a) . (b)

2. Field weld all around with 3/8" fillet weld.

122
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CHAPTER X

PIPE DRAWING

S5ECTION 10-1 JOINTS, FITTINGS, AND VALVES

Pipes which carry a fluid must be joined together and routed i1n various
directions to get the fluid from one point to another. The joints and fittings
which are required must form a leak proof seal and, in the caseof high pressure
lines, must be structurally sound. The flow of the fluid usually requires some
control and this is achieved through the use of valves. Pipes are made from
ferrous and nonferrous materials with various applications. The material from
which the pipe is made and the condition of the fluid being transported are
determining factors in the selection of fittings and j&fnts.

Pipe Material

N
Pipe is available in steet, wrought-iron, cast-iron, seamless brass and
copper, or plastic. Their selection depends to a large extent on their appli-
cation. R

Pipe Joints and Fittings

Fittings may be used to join pipes together, change size or direction, or
allow for branching. The type of joint and.fitting may be screwed, welded,
flanged, or soldered depending upon material and application.

Valves

Valves are used to control the flow of fluids in a pipe. The more common
types are gate valve, globe valve, and check valve.

¢

-

LABORATORY
1. The student should be able to select the correct f:ttings and joints
when given a pipe material, size, and application.

SECTION ITEMS a

STUDY QUESTIONS

1. What is the purpose of a check valve?

rS

Name one kind of joint that can be used in a high pressure steel line?

3. Of the two, which offers the most resistance to flow; a gate valve
or globe valve?

12;
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EXERCISE

1. Make a list of the pipe and fittings to be ordered
for the system shown in figure 10.1. Arrange

the list in tabular form under headings of size,
pipe length, valves, fittings,etc. Use a scale
of 1"=20" for the length of pipe taken from the
isometric, Use flanged cast-iron pipe. Pressure
in the pipe will not exceed 200 1bs. psi.

4" CAST IRON PIPE

3" CAST IRON PIPE
3" CAST IRON PIPE

45

Figure 10.1

E 125

P
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SECTION 10-2 SINGLE-LINE AND DOUBLE-LINE DRAWINGS

Pipe drawings are made to show the size and location
of pipes, fittings, and vaives. A single-line draw-
ing showing ANSI symbols is a fast and convenient way
of making a drawing using orthoaraphic or axonometric
drawing. Double-line drawings aic¢ used when more
detail is required in the drawing,

g
asw caoss T . : ELBOW
¥ y | M
SOBE Weve - GATE VALVE  COUPLING .
{JOMT) N
COUPLING
{ (JONT)  CMECK VALVE  TEE
m m . ;
+ a.sow
asow

Figure 10.2 Single Line Drawing

|
GATE VALVE ;
CROSS !
£LB0OW ELBOW
- + - + - - } + - - — -
GLOBE VALVE UNION COUPL ING
) ' CIOINT) ,
'
trt
+ B “ ‘
El.BOW LOUPL INS !
’ ’ CHECY VAIVH £ AW
. (JOINT) ¢
3
+
ELBOW

ELBOW




ILABORATORY

'+ The student should be able to make a single-line
orthographic or isometric drawing from either
word description or double-line drawing.

2. The student should be able to make an orthographic

or isometric double-line drawing from a single-line
drawing.,

SECTION ITEMS ,

EXERCISES

1. Make a single-line isometric drawing of figure 10.3.

CHAPTER ITEMS

EXERCISES

'« Make a double-line isometric drawing of figure 10.2.

ANSWERS
SECTION 10.1

1. The purpose of a check valve is to allow flow in only
one direction.

Welded joints. )
Globe valve. The fluid must go through the valve

at right angle to the flow direction. '

w M
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CHAPTER XI GRAPHS

SECTION 11.1 LINE GEXPHS

Line graphs are commonly used in the engineering field because of their
visual appeal and ease of interpretation. Some of the more common line graphs
are the Rectangular Coordinate Graph, Semilogarithmic Graph, Logarithmic Graph,
and the Polar Graph.

~ show o tted poLanty
labed srdinate scaled ‘uflou’, Wt esor for emphasis
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. .o a o e i .
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\ 50 ——— ’_.___ j1._ x‘r T — —e =3 - - r - 4 ,_1

HANL.
—— 4m

i
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Fig. 11.1 Typicel Line Graph

i

The manner in which a curve is drawn on a graph will depend upon its deriva-
tion. 1If the graph represents discrete values such as temperature or dates it will
be made up of straight line segmerts and pass tnrough all data points as in Fig.
11.2 (a). For a curve that can be easily defined mathematically, it will be ]
smooth and pass through all data points as in Fig. 11.2 (b). A graph representing
experimental data may be straight or curved and will take a mean path through the
distribution of data points as in Fig. 11.2 (c).
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When constructing a line graph, the following suggestions should be con-
sidered:

1. The horizontal scale should usually read from left to right and the vertical
scale from bottom to top.

All lettering on the graph should read from the bottom or from the left-hand
side.

The zero line should always be shown except for logarithmic graphs. The
diagram should be broken if the scale is such that the zero line would not
normally appear on the graph.

Important numerical data and formulas should be included on the graph.

The title should completely define the graph and be placed so that it is
easily found.

LABORATORY

The student should be able to annotate a graph when given the grid, curve, and
pert/inent data.

SECTION ITEMS

QUESTIONS

1. wWhat four line graphs are most commonly used in the engineering field?
2. 6n which side of the vertical axis is the label usually placed?

3. Why does the zero line never appear on a logarithmic graph?

4. On which side of the horizontal axis shouid the label be placed?

EXERCISES
Comblete’tho graph in Fig. 11.3 by adding the given information.
Title: STRESS-STRAIN DIAGRAM Soft Steel
Horizontal axis label: Strain in inches per inch
Vertical axis label: Stress in pounds per sq. inch
Scale on vertical axis: each sq. equals 1000 psi

Scale on horizontal axis: each sq. equals .00l in.

. ‘)'t
‘U'J




4
]

44444

¥ WL

-4+ 11+ +-4-

.

t+-1-

t—«
1

-+ 1+

[41 S5 NS SeW A g »"

4

+

44

4 44

T1TTTTIT

++141

]

1.1 L

1-44 441

F 441 { -+

- ¢ 4

T SN SN
+—+ + + ¢
r w&—}-l&-—»-o—hi s -f
e e o T

O I O o SI TR P
[V S ST IR S SN S G S S

~
Flg, 11.3

SECTION 11.2 RECTANGULAR LINE GRAPHS

Rectangular line graphs are usually drawn on preprinted grid paper whose
horizontal and vertical lines form small rectangles which range in sizes of 1 mm,
1/10", or 1/20" on a side. The horizontal and vertical axes of the graph on which
the independent and dependent variables are plotted, respectively, are drawn about
1" inside the grid to allow for lettering. ) h
i I I I O o
10| COST OF LIVING e
* i 1941-1953 //

H _——

/P\

/

‘44 ‘47 '50 '53
YEAR

Typical Rectangular Line Graph

LABOKATORY

1. The student should be able to pick correct values from a rectangular Line
graph.

Q@ . The student should be able to construct a rectangular line graph when given
ERICr a set of aata.
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SECTION ITEMS

EXERCISES

1.

PLOTTING GRAPHS

Look at the examples of plotted graphs.

related to the iine graphs of examples 1
how data js plotted to form a line graph
data tables and locate additional points

Typical curves with wrzitten notations for
follow the written information on the graphs,

Notice how certain circled data are
and 2. Now that you have observed

choose other given data from the
on the graph.

You to compare. ‘See if you can

1

|

1.0 '

~ 0.9

0.8

0.7

N

1]

0.6

0.5

0.4

0.3 H-1

Anterma
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h

T

L

1]

4

|

i
]

L1

]

T
1

50

50
) Plate Volts

11
500. 0

Anterma
Current

Plate
__Volts

0.1 0.2 0.3 f0.5\ 0.5 0.6 9.7

4 75 102\130/ 160 190 220

0.8 0.9 1.0 (Mperes)
252 283 320
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2. RECTANGULAR LINE GRAPH

Looking at the following graph, complete the following unfinished material by

providing the temperatures in degrees for the given times.

100
80
L2t
2 80 :
[5]
£ ol
o .-)
! 3
60
(3]
N
§ 50 ]
. 7
W 40} 1
30 : |
Noon 2 4 ) 8 10 12 4 e 8 10 Ncon
P. M. A M,
TIME DEGREES TIME DEGREES
NOON —— B0 MIDNIGHT
~1:00 e 1:00 .
2:00 2:00 '
3:00 3.00
4:00 4:.00
5:00 ' 5:00
6:00 6:00
7:00 7:00
8:00 8:00
9:00 9:00
10:00 10:00
11:00 11:00
Q ' -l t}:
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Aruitoxt provided by Eic:

SECTION 11.3 SEMILOGARITHMIC GRAPHS

/

A semilog line graph is one in which two variables are plotted on semilogarithmic
coordinate paper to form a continuous straight line or curve. Semilog paper con-
tains uniformly spaced vertical lines and logarithmically spaced horizontal lines.
Semilog graphs are useful when the dependent variable has a large range.
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Fig. 11.6 Typical Semilog Craph

LABORATORY
1. The student should be able to pick correct values from a semilog graph.

2. The student should be able to construct a semilog graph when given a set of
data.

SECTION ITEMS

EXERCISES:

1. Using a sheet of semilog paper, plot the data in Fig. 11.7.
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TEMPERATURE STRESS
T, °F S, Ib. per sq. in.
1,100 2,700
1,200 1,250
1,300 570
1,400 270
Fig. 11.7

SECTION 11.4 LOGARITHMIC GRAPHS

A logarithmic line graph has two variables plotted on logarithmic coordinate

grid paper to form a continuous Iine or "smooth curve”.
logarit™mically spaced divisions on both the vertical and horizontal axes.

Log grid paper contains
Log

and semilog graph paper can be obtained having as many as five cycles on an axis.
Log graphs are used for comparison of large numbers of plotted values in a compact

space and for comparing relative trends of several plotted curves on the same
chart or graph. Log graphs are not the best form to present relatively few plotted

values or for displaying absolute amounts -- but are very good for displaying an
extensive range of values used in empirical equations.
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LABORATORY .
1. The student should be able to pick correct values from a log graph.

2. The student should be able to construct a log graph when given a set of -lata.

SECTION ITEMS

EXERCISES \
1. Plot the given date SPEED CAPACITY
on log paper. Choose RPM
the number of cycles CU. FT. PER HR.
each way to use most 1.5 u6
~of the paper. 2.5 4 57
4 < 76
6 30
10 117
15 143
19 . 170
34 220
60 280
90 355

SECTION 11.5 POLAR GRAPHS

Polar graphs are often used when data is to be examined with respect to various
angular posi*ions. The polar graph is different from the previous graphs in that
the independent variables are marked off in degrees around the border of the graph
and the dependent variables are marked off on the horizontal or vertical radial
lines. '
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o Fig. 11.10 Typical Polar Graph
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LABORATORY
T T \

1. The studert should be -able tsipick correct values from a polar graph.

2. The student should be-able to construct a polar grabh when given a set of data.

i

SECTION ITEMS

EXERCISES
¢

1. Construct a polar ‘'graph using the data in Fig. 11.11. . \

Orientation, degrees -~ Candle Power

0 o 130
10 oL 200
20 e 300
, 30 . 310
40 300

750 300 .
P - 60 290
- 70 L 280
o 80 270
e 90 T 240
100 200
110 280
120 285
130 290

140 305 .

150 320 ’
160 330
’ 170 340
180 330

Fig. 11.11 Candle Power Distribution
in a Vertical Plane, of an Incandescent
Lamp' Suspended froﬂ?the Ceiling.

CHAPTER ITEMS -

QUESTIQ

1. Why is a curve sometimes drawn between plotted points on a graph rather than
through them?

2. What are the two axes of a graph called?



~a

N

-
i

‘3. How ;re the values plotted on the X and Y axes?

4. what are the two variables on a graph called?

5. In reading a graph, how accurate must one estimate?
6. Why are graphs used by scientists and engineers?

7. What 1is the difference betw =2n common rectangular graph paper and semilog graph
paper? -

8. Why 1s graph péper printed in various colors; i:e., black, ‘'orange, green,
purple?

EXERCISES

RECTANGULAR LINE GRAPH

- This is the frequency of the output of device "y" as the temperature of
the device is changed.

Temp. oC Frequency (MHz)
0 100.0500
2.5 100.0230
5.0 100.0200
7.5 100.0100
10.0 100.0060
12.5 99.9980
1s.0  } 99.9970
--17.5 99.9920
20.0 99.9930
22.5 99.9910
25.0 99.9900
27.5 99.9910 R
30.0 ° 99.9915 ’
32.5 99.9960
35.0 99.9965
. 37.5 100.0000
40.0 99.9980
) 42.5 99.99130
45.0 99.9875
47.5 99.9840
50.0 99.9820
52.5 99.9760
55.0 99.9765
57.5 99.9750
60.0 99.9740
62.5 99.9730
65.0 99.9720
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2. LOG GRAPH \

Graph this data:

Y X Y X

2.0 .1 95.0 3.0

5.2 .2 130.0 ° 5.0

9.0 .3 150.0 7.0

. 13.0 .4 170.0 10.0
22.0 .6 230.0 20.0

30.0 .8 260.0 30.0

50.0 1.3 280.0 40.0

72.0 2.0 300.0 50.0

3. SEMILOG GRAPH

Here is some data on frequency response of an amplifier:

Gain (dB) Freg. (Hz) Gain Freg. (Hz) Gain Freg. (Hz)
20 1 40 200 40 20K
25 2 40 300 38 30K
. 27 3 40 400 36 40K ‘
29 4 40 500 35 50K
30 5 40 600 32 60K
3% 6 40 700 30 70K
3 7 40 800 25 80K
33 » 8 41 900 20 90K
34 2 4?2 1G00 10 100K
35 10 41 2K ,
37 S 20 40 3K
39 30 40 4K
b 40 40 41 5K
40 50 42 6K '
41 60 43 7K
40 70 44 3K
41 80 43 9K
49 90 40 10K
'39 100

Notice that there are five general groups of frequencies; 1-10, 10-100,
100-1000, 1000-10,000, and 10,000-100,000 These are the 5 cycles and
the reason you were to get 5 cycle paper. At other times, you may only
need 2 or 3 cycles.

. 12,
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ANSWERS

Section 11.1

1. Rectangular line graph, semilog graph, log graph, polar graph.
2. Left side.

3. Because the logarithm of a number approaches infinity as the number approaches
0.

4. Lowgr side.

H

ANSWERS TO EXERCISES

Section 11.1 (Engineering Graphs)

1. oy
2. - e,
/
23000 4
- A}/
i 7
x
I o
‘ /
!
| ] /
| [P
i : /
Py
/ —
[rey ! STRESS - SYIAINI
£ DIAGRAM |
/ st Sieel J
¢ Lo Steet
_j
/
~l -"»s L] 1) ”

¥rmm in Inches Por inch

Section 11.2 (Rectangular Line Graphs)
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Section 11.

(Log Graph)
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CHAPTER ITEMS .

ANSWERS TO QUESTIONS

1.

O

ERIC

Aruitoxt provided by Eic:

Experimental data will always have some variation from the "true" values due
to errors in reading instruments, slight changes in conditions, etc.

The vertical axis is called the Y-axis or ordinate and the horizontal axis
1s called the X-axis or abscissa.

vValues along the X and Y axes are positive up and to the right and negative
down and to the left.

Most physical systems with two variables have one which can be varied, by
the experimenter and a second variable which depends on the first. The first

.1s called the independent variable and the second is called the dependent

variable.
To the nearest half of the smallest scale division.

They are very descriptive and can be used to clearly show the results of an
experiment, how a circuit or device behaves, to present data, and to show the
relationship between variables in mathematical equations.

Rectangular graph paper has equally spaced linear divisions along the vertical
and horizontal axes. Semilog graph paper has equally $paced linear divisions
on the short axis and non-linear logarithmic spacing on the long axis.

Certain reproduction processes require special colors and sometimes the grid
lines are intended to not print script lightly or to print out strong when
reproduced for an engineering report.
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ANSWERS TO EXERCISES

1.

Rectangular Line Graph

B - ”lu A . . — " . “ ‘e " .\._ w M . m
- AU JURUIRY RS R LA NSNS JSSPVS SRS PUNS NIUR: SRR -
. m — , " ' {
] _ o] | n
i
S , _ D ——— e
N o “ “
vee » - ’ .w . ..“ )
. 1 — . e - - -9
-7 i '
- “ _ X

|
i
|

-

c o e

40

PERATURE- OC

TEM

b

145




N
.
‘- T y..
.— .
N Y L
) M LN .-—-.
! M RN i
8 Har
: KN .
: e
\ : )
HE
MY
' .-o—
o JY SOy .
- - ™
. =
]
1}
[ T ~
| il
i ; ) B
[ ) mia
@ . .
o~ . '
— 9 PN I Y U §
] . H
: Jal
_ L.
T TR
» . Vo e
I ' R
F.
. N
._ : HH ™
b.ﬂ * ey
—n_ i
o e .'.L. —y
&, 8
] =
]
&)
g
r , //
X .
CF
O—)
i
H
8 LK
.-

|
|
;
|
\
|
|



