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Chapter 1 Fundamentals of
Machine Manufacturing

Unit 1 Third-Angle Projection

Text

The six views. Any object can be viewed from six mutually perpendicular directions, as shown
in Figurel-1-1a. These six views may be drawn if necessary, as shown in Figurel-1-1b. The six views
are always arranged as shown, which is the American National Standard arrangement. The top,
front, and bottom views align veﬂicaﬂy, while the rear, left-side, front, and right-side views align
horizontally. To draw a view out of place is a serious error and is generally regarded as one of the

worst possible mistakes in drawing®.
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Figure 1-1-1 The six views

Note that height is shown in the rear, left-side, front, and right-side views; width is shown in
the reaf, top, front, and bottom views; and depth is shown in the four views that surround the front
view—namely, the left-side, top, right-side, and bottom views. Each view shows two of the princi-
pal dimensions. Note also that in the four views that surround the front view, the front of the object
faces toward the front view.

Adjacent views are reciprocal. If the front view in Figurel-1-1 is imagined to be the object it-
self, the right-side view is obtained by looking toward the right side of the front view, as shown by

the arrow RS. Likewise, if the right-side view is imagined to be the object, the front view is obtained
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by looking toward the left side of the right-side view, as shown by the arrow F. The same relation ex-
ists between any two adjacent views.

Necessary views. A drawing for use in production should contain only those views needed for a
clear and complete shape description of the object. These minimum required views are referred to as
the necessary views. In selecting views, the drafter should choose those that best show essential con-
tours or shapes and have the least number of hidden lines.

As shown in Figurel-1-1, three distinctive features of this object need to be shown on the draw-
ing: (1) rounded top and hole, seen from the front; (2) rectangular notch and rounded corners,
seen from the top; and (3) right angle with filleted corner, seen from the side.

The three principal dimensions of an object are width, height, and depth. In technical drawing,
these fixed terms are used for dimensions taken in these directions, regardless of the shape of the ob-
ject®. The terms “length” and “thickness” are not used because they cannot be applied in all ca-
ses. The top, front, and right-side views, arranged closer together, are shown in Figurel-1-1. These
are called the three regular views because they are the views most frequently used.

Alignment of views. Errors in arranging the views are so commonly made by students that it is
necessary to repeat this: The views must be drawn in accordance with the American National Stand-
ard arrangement shown in Figurel-1-1. Figurel-1-2a shows an offset guide that requires three
views. These three views, correctly arranged, are shown in Figurel-1-2b. The right-side view must
be directly to the right of the front view—not out of alignment, as in Figurel-1-2c. Also, never draw
the views in reversed positions, with the bottom over the front or the right-side to the left of the front

view (Figurel-1-2d), even through the views do line up with the front view.

Z AN
b1 '\J'
—

ef. 61- ! i Bottom

e :

! p 1 VENY
1 *i,‘_ =1 ; 7 L
—7 R Side Front
c) d)

Figure 1-1-2  Position of views
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Questions

1. What is the third-angle projection?

2. What are the differences between third-angle projection and first-angle projection?

3. List the six principal views of an object.

4. In a drawing that shows the top, front, and right-side view, which two views show depth?
Which view shows depth vertically? Which view shows depth horizontally?

5. What are the three principal dimensions of an object?

New Words and Expressions

.view[ vjur ] n. K vt WK

. projection| pra'dzekfon] n. #35%, A4

.mutual ['mjustjuol] adj. FHEHY, IL[EH

. perpendicular [ pa:pon'dikjulo] adj. FEHK, EACH n FEH
.draw [dror] vt. fi, #5, 2%, W5 i HE
.arrange [o'reindz] vt. BH, HE5 vi. LHE, MR
.top [top] n. Tiivg, E#H  adj. fHEH, T LK

.front [frant] n. 1EJA, BT adj. IEWGAY vt vi. JA([H)
.align [o'lain] vt vi. flil—EHZk, HEFR—AT

10. rear [rio] n. J5¥B, JGE adj. JSHEH, JGHEHY

. adjacent [o'dzeisont] adj. $EITH, HHARAY

. description [ dis'kripfon] n. fUA, KU, 2l

. distinctive [ dis'tipktiv] adj. A XK, FFER

. reciprocal [ ri'siprokal] adj. MHE.A), HINA n EE
. arrow ['eerau] n. ﬁﬁ, j’E‘%‘I‘, %’?“j%

. arrowhead ['@rouhed] n. #isk

. left-side view Zfil]l (#1) Kl

. right-side view £Afl] (#4) K&

. hidden line (dotted line, dashed line) PRjiksk, HEZk

. be out of (the) perpendicular {Hi#}

. from top to tail (toe) MLZE|RE, EA

. front and rear FER[)G; RITBANGHE

.in accordance with f&ZHR, K¥E, LH------ —3

. line up with HE—47

. be adjacent FEiL, Lo B4

O 00 TN L AW N =

NN N N N N = e e e e e e e
L A LW N = O O 0 O i A W N =

26. be generally regarded as — B FEAE -+ , —MRHLBEIA R e
27. look toward [HIEH, HARE; AT eeeee VEGFHES
28. be referred to as  FRN, BOANIE
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Notes

[1] To draw a view out of place is a serious error and is generally regarded as one of the worst
possible mistakes in drawing.

KB FIEAE S AL E R — N EMMEIR, TEEFE RSB E AT
B A B SRR Z — o

4i]H To draw a view out of place N A EREIE, EEFIEEIE; HF out of place AJFE N
“REE, REBEHSMALE”; A is generally regarded as Al A “HH BN 0.

[2] In technical drawing, these fixed terms are used for dimensions taken in these directions,
regardless of the shape of the object.

FEHEAR (Fil) Z2ES, MeWETR A, X256 E E AR ES AR R XL @ E
HIRT .

In technical drawing 7/ HF/EMRIE, WiEN “ZEHAR (Filk) #HEH”; taken in these di-
rections J&it /A IEMEG BEIE, AIEN “EXETrE EWER”; regardless of fE “A
(=N N SN N /oSERRS (1 M 8

Glossary of Terms

. third-Angle projection 2§ =¥

. first-angle projection ZHE—MIRF

. mechanical drawing HLB | &l

. standard drawing FRUERE

. standard components ( parts) FRYEM:
. drawing sheet, drawing paper 4%
. drawer, draftsman, drafter 25
. working drawing T /ER, A=Kl

. detail drawing, part drawing F{FE
. sketch (layout, outline) i [&

. assembly drawing 25fCE

. design drawing it

. blueprint &

. engineering drawing T2

. structure drawing Z5 4 [

. machine parts (components) & (#) 4
. title blocks FRmaAS

. sectional view HI|H1El

. orthographic projection 1E#5

. the top view IR, LA

. the front view FHMEE (FHE)

O 00 N O it AW N =

3 R N T T e T e T e T
= O 0 00 N O i A W N = O
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22.
23.
.rear (back) view JHLE
25;
26.
27.
28.

24

29:
30.
3.
32,
33.
34.
35.
36.
37.
38.

the side view fUl#t52, M E
the bottom view IR &

end view i fL &

three-view drawing =41

pictorial drawing 7K

profile, section (full ~, half ~ , offset ~, broken-out ~ , rotating ~, inclined ~ , com-
pound ~ ) FIHE (&), HF . BEEE . REEH . EER. fE. Z6%)
technical requirements AR E R

a detail list of components /4B 4%

scale, proportional scale H; 4

dimensional line R f4&

descriptive geometry [Hj¥% JL{A[

dimensioning, size marking FR7ER T

straight line (arc, curve ) HZR (HIK, BHLR)

horizontal line (incline line, vertical line) K28 (H}Lk, THEHLR)
continuous thick line (full line, visible line) FHZZ4H

continuous thin line 4H5C4%

Reading Materials

First-Angle Projection

If the vertical and horizontal planes of projection are considered indefinite in extent and inter-

secting at 90° with each other, the four dihedral angles produced are the first, second, third, and

fourth angles ( Figurel-1-3a).

R Sied [T ' Front
view j L _..% view

Top view

b)

Figure 1-1-3  First-angle projection

If the object is placed above the horizontal plane and in front of the vertical plane, the object is
in the first angle. In this case, the observer always looks through the object and to the planes of pro-
jection. Thus, the right-side view is still obtained by looking toward the right side of the object, the
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front by looking toward the front, and the top by looking down toward the top; but the views are pro-
jected from the object onto a plane in each case. When the planes are unfolded ( Figurel-1-3b) , the
right-side view falls at the left of the front view, and the top view falls below the front view, as
shown. A comparison between first-angle orthographic projection and third-angle orthographic projec-
tion is shown in Figurel-1-4. The front, top, and right-side views shown in Figurel-1-3b for first-an-
gle projection are repeated in Figurel-1-4a. Ultimately, the only difference between third-angle and
first-angle projection is the arrangement of the views. Still, confusion and possibly manufacturing er-
rors may result when the user reading a first-angle drawing thinks it is a third-angle drawing, or vice
versa. To avoid misunderstanding, international projection symbols, shown in Figurel-1-4, have
been developed to distinguish between first-angle and third-angle projections on drawings. On draw-
ings where the possibility of confusion is anticipated, these symbols may appear in or near the title
box.

In the United States and Canada (and, to some extent, in England) , third-angle projection is
standard, while in most of the rest of the world, first-angle projection is used. First-angle projection

was originally used all over the world, including the United States, but it was abandoned around

1890.
Iz |
P W

Right-side Front view Top view
view
bty \V o A
—=3
‘ i I ] i
S L Front view Right—side
view
a ) b )

Figure 1-1-4  First-angle projection compared to third-angle projection

Lines in Sectioning

A correct front view and sectional view are shown in Figure 1-1-5a and b. In general, all visible
edges and contours behind the cutting plane should be shown; otherwise a section will appear to be
made up of disconnected and unrelated parts, as shown in Figurel-1-5¢c. Occasionally, however, vis-
ible lines behind the cutting plane are not necessary for clarity and should be omitted.

Sections are used primarily to replace hidden-line representation; and, as a rule, hidden lines
should be omitted in sectional views. As shown in Figurel-1-5d, the hidden lines do not clarify the
drawing; they tend to confuse, and they take unnecessary time to draw. Sometimes hidden lines are
necessary for clarity and should be used in such cases, especially if their use will make it possible to

omit a view.
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%
N
Correct Wrong Wrong Wrong
a) b) c) d) e) f)

Figure 1-1-5 Lines in sectioning

A section-lined area is always completely bounded by a visible outline—never by a hidden line,
as in Figurel-1-5e, since in every case the cut surfaces and their boundary lines will be
visible. Also, a visible line can never cut across a section-lined area.

In a sectional view of an object, alone or in assembly, the section lines in all sectioned areas

« must be parallel, not as shown in Figurel-1-5f. The use of section lining in opposite directions is an

indication of different parts, as when two or more parts are adjacent in an assembly drawing.
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Text

Interchangeable manufacturing allows parts made in widely separated localities to be brought to-

~ gether for assembly. That the parts all fit together properly is an essential element of mass produc-

tion. Without interchangeable manufacturing, modern industry could not exist, and without effective
size control by the engineer, interchangeable manufacturing could not be achieved”.

However, it is impossible to make anything to exact size. Parts can be made to very close di-
mensions, even to a few millionths of an inch or thousandths of a millimeter, but such accuracy is
extremely expensive.

Fortunately, exact sizes are not needed. The need is for varying degrees of accuracy according‘to
functional requirements. A manufacturer of children’s tricycles would soon go out of business if the
parts were made with jet-engine accuracy—no one would be willing to pay the price?. So what is
wanted is a means of specifying dimensions with whatever degree of accuracy is required. The answer
to the problem is the specification of a tolerance on each dimension.

Tolerance is the total amount that a specific dimension is permitted to vary; it is the difference
between the maximum and the minimum limits for the dimension. It can be specified in any of the
two forms; unilateral or bilateral. In unilateral tolerance, the variation of the size will be wholly on
the side. For example, 30 g ,,is a unilateral tolerance. Here the nominal dimension 30 is allowed to
vary between 30mm and 29. 98 mm. In bilateral tolerance, the variation will be to both the sides. For
example, 30.00 0. 01 or 30 *( 5. In bilateral tolerance, the variation of the limits can be uniform
as shown in the former case. The dimension varies from 30. 01mm to 29. 99mm. Alternatively the al-
lowed deviation can be different as shown in the second case. Here the dimension varies from
30. 05mm to 29. 90mm.

In engineering when a productis designed it consists of a number of parts and these parts mate
with each other in some form. In the assembly it is important to consider the type of mating or fit be-
tween two: parts which will actually define the way the parts are to behave during the working of the
assembly.

Take for example a shaft and hole, which will have to fit together. In the simplest case if the di-
mension of the shaft is lower than the dimension of the hole, then there will be clearance. Such a fit
is termed clearance fit. Alternatively, if the dimension of the shaft is more than that of the hole, then
it is termed interference fit. These are illustrated in Figurel-2-la and b. However in Figurel-2-1c,
depending upon the possibilities of dimensions, at times there will be clearance and other times there

will be interference. Such a fit is termed as transition fit.
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Figure 1-2-1 Typical fits possible in engineering assemblies

Questions

1. Why is it impossible to make anything to exact size?

2. What is the meaning of tolerance?

3. What is the difference between unilateral tolerance and bilateral tolerance?
4,

Explain the concepts of clearance, interference and transition fits.

New Words and Expressions

. interchangeable [ into'tfeindzobl] adj. FJZZH#EHY, ] B ¥Ry
. interchangeability [ intartfeindzo'biliti] n. F#M

.assembly [o'sembli] n. & ; ¥, HAH; KK

. millimeter [ 'mili,mista] n. ZX

. accuracy ['@kjuresi] n. WEW (), Kk (F)

. fortunate ['fortfonit] adj. SEiEHY, (R

. tricycle [ 'traisikl] n. =% %

. tolerance ['tolorans] n. A%, BFZE

. unilateral [ juini'letoral] adj. BAFIAY, H[EAY

10. bilateral [ bai'letoral] adj. XUGAK), PR

11. wholly ['houli] adv. 5243, L&

12. alternatively [ o:l'tomotiv] adj. FIEPE—HY, TR EER
13. deviation [dirvi'eifon] n. W2, TWE, WM

14. clearance ['kliorons] n. [AJBE, B

O 00 NN N L AW N =
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15. limit ['limit] n. FFR, J0E; H®E vt PR
16. interference [ into'fiorons]| n. i3&, T, Lk
17. transition [treen'sifon] n. i$J¥; 45, K%
18. as a means of fEHy------ MTHE (8hk, F&)
19. be termed as  #E AU, WEFRIE

20. in the former case FERT—FMEE T

Notes

[1] Without interchangeable manufacturing, modern industry could not exist, and without ef-

fective size control by the engineer, interchangeable manufacturing could not be achieved.

BA AT EHAERE, BT REA A7 ; B0 DRI TR A RS, TE

etk il WA AT RESE B o

A 4 1A without 5| M BB B AR A, 2 I FEH) AR AR TE, without /F “ EA”

fitt o

[2] A manufacturer of children’s tricycles would soon go out of business if the parts were made

with jet-engine accuracy—no one would be willing to pay the price.

0 R 2 A o 3 AR B s S I K R S L — AR RO B, PR EBCA A BB ST &
SO AR IGSE , T EL i 3 R K T e AR BRI H 2 T S A

Ay if 515005 B SE S S R PR o
Glossary of Terms

1. unilateral tolerance Bf.3j1[E] B

2. bilateral tolerance ¥{3J1[]

3. clearance fit [A] AL &

4. interference fit F& (#) FA

5. transition fit 3 JERS

6. hole-basis ( basic-hole) system JEFL il
7. shaft-basis (basic-shaft) system JE&hH]
8. basic size FAR <}

9. actual size SEPRR T

10. limit of size R R F

11. upper (lower) derivation I (F) {fZ
12. error JRZE

13. tolerance on fit FiE /A7

14. tolerance zone /N7

15. mass production f#tA =, KA
16. standard tolerance FRIE/LSZE

17. tolerance grade /A\ZEESR
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18. nominal error 4 Y iR#E

19. geometric tolerance FEA /%

20. positional tolerance i &/ 32

21. working ( finishing) allowance JIT&&E

22. straightness, flatness, circularity, cylindricity, parallelism, perpendicularity i 2§ JiF,
VR, B, BAEE, TR, EHE

23. angularity, concentricity, symmetry, roughness, finishing W&}, EHIEE, SFREE,
KSR, JEisE

24. total runout ( runout) Bkzh ([REBk3h)

25. datum ( ~line, ~plane) FEuE (FEHEZ, HERm)

26. setting up error ZHEIRIE

Reading Materials

Hole-Basis and Shaft-Basis System

For obtaining the required fit, the organization can choose any one of the following two possible
systems.

Hole-basis system. In this system the nominal size and the limits on the hole are maintained
constantly and the shaft limits are varied to obtain the requisite fit. For example,

Let the hole size be 30. 00*J*.

Shaft of 30. 00 *¢¢; gives the transition fit.

Shaft of 30. 00 70 0% gives the interference fit.

Shaft of 30. 00 “¢ g gives the clearance fit.

Shaft-basis system. This is the reverse of hole-basis system. In this system the shaft size and
limits are maintained constant while the limits of hole vary to obtain any fit.

Though there is not much to choose between the two systems, the hole-basis system is mostly
used because standard tools such as reamers, drills, broaches and other standard tools are often used

to produce holes, and standard plug gages are used to check the actual sizes. On the other hand,

shafting can easily be machined to any size desired.
Preferred Fits

The symbols for either the hole-basis or shaft-basis preferred fits ( clearance, transition, and in-
terference) are given in Table 1-2-1. Fits should be selected from this table for mating parts where
possible.

Although the second and the third choice basic size diameters are possible, they must be calcu-
lated from tables not included in this text. For the generally preferred hole-basis system, note that the
ISO symbols range from H11/cl1 (loose fit) to H7/u6 (force fit). For the shaft-basis system, the
preferred symbols range from C11/hl11 (loose fit) to U7/h6 (force fit).



