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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 Figure 1-1-1a. The six views may be drawn if necessary, as shown in Figure 1-1-1b.
The six views are always arranged as shown, which is the American National Standard arrange-
ment. The top, front, and bottom views align vertically, 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 rear, 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 principai dimensions. Note also that in the four views that surroynd the front view, the front of
the object faces toward the front view.

Adjacent views are reciprocal. If the front view in Figure 1-1-1 is imagined to be the object

itself, the right-side view is obtained by looking toward the right side of the front view, as shown
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by the arrow RS. Likewise, if the right-side view is imagined to be the object, the front view is
obtained by looking toward the left side of the right-side view, as shown by the arrow F. The
same relation exists 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 re-
ferred to as the necessary views. In selecting views, the drafter should choose those that best show
essential contours or shapes and have the least number of hidden lines.

As shown in Figure 1-1-1, three distinctive features of this object need to be shown on the
drawing ; rounded top and hole, seen from the front; rectangular notch and rounded corners, seen
from the top; and right angle with filleted corner, seen from the side.

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

New Words and Expressions

projection /pra'dzekfon/ n. ¥, K&

view /vjui/ n. HE; u. ME

mutual /'mjustjusl/ o MEH, FHEK

perpendicular /,pa:pon'dikjuls/ o FEHH, EXM; n. EH
draw /dro:/ w. Hr, i, 2%, #E; » #HE

arrange /o'reindz/ vt BEHR, HF; w. KH, #F

top /top/ n. TN, E%; o« BEM, WLEH

front /frant/ n. IET, BE; e IEEM; o & v HIY
dlign /o'lain/ o & vi. HHE—HH, HFIR—F

10. rear /ria/ n. J5IF, JEE; o JREM, KK

11. adjacent /a'dzeisant/ a. HEiLHY, BESPRY

12. reciprocal /ri'siprokal/ a. AHEK, HRH; n B
13. arrow /'mrou/ n. %, i, NS

14. description /dis'kripfon/ n. $G&, B, L&

15. distinctive /dis'tipktiv/ a. HEJIH, FFEKM

16. be generally regarded as — R BEEE - , BAR -
17. left-side view Z#ME

18. right-side view 75 #L/A&

19. hidden line (dotted line, dashed line) B, BL

R

Notes

@ To draw a view out of place is a serious error and is generally regarded as one of the worst
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possible mistakes in drawing.
FREBELFHEFABEYNMNEE—MTEHNSER, METESARRLEEIRP RN
RRATENERZ —

) ¥ To draw a view out of place HRNEXREE, A PIEFIE, HF# out of place 7]
Bl CREE, EAE YW E”, A F is generally regarded as 7] ¥R “ ¥ ¥ Bk

@ In technical drawing, these fixed terms are used for dimensions taken in these directions,
regardless of the shape of the abject.

EHEIWLES, FigwhkyERnT, XEFEREHFBARBRRILTHENR
o

In technical drawing ZEA] FAEARIE, AR “FEH L H B ; taken in these directions B
HESEBEFBEE, TiEN “GHEXES A LWHH"; regardless of fE “FEH”,
“REB” . “Fig----f" M@ in@#ER “RR"

Glossary of Terms

third-angle projection 58 = A K
first-angle projection % —FAEY
mechanical drawing  HLAE il &
standard drawing #RiEE

drawing sheet, drawing paper 4K
drawer, draftsman %8R

working drawing T {EE, 4™H
detail drawing, part drawing F &
sketch (layout, outline) F &

. assembly drawing ¥5FLH

. design drawing it &

. blueprint K

. engineering drawing T H&

. structure drawing ZMHHE

. title blocks FRETAL

. sectional view FME

. orthographic projection IE#t#

. the top view {RHRBE, KUK
. the front view TH#E, EUHAE
. the side view fll##E

. the bottom view {NHLH

. rear (back) view FHRE

. side (end) view Ul (¥%) #ME

. three-view drawing =&

R T o e e
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25. pictorial drawing 7 {&E

26. technical requirements HARZER

27. a detail list of components F{:BiFE

28. scale, proportional scale . %

29. dimensional line R -fF4§

30. descriptive geometry [H#x JLAA

31: dimensioning, size marking #REFENR T

32. straight line (arc, curve ) HZ (BEI, #hLR)

33. continuous thick line (full line, visible line) HHICLR
34. continuous thin line ZH3L4E

35. profile, section (full ~, half ~ , offset ~, broken-out ~ , rotating ~ , inclined ~ , com-

pound ~ ) HEIE (4% . &, gresd. BEH . EEH. B8, Z48)
Exercises

I . Answer the following questions according to the text.

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?
Il . Translate the following key terms into Chinese.

1. view 2. draw 3. projection 4. top 5. front 6. rear 7. arrowhead 8. perpen-
dicular 9. arrange 10. height 11. width 12. depth 13. blueprint 14. left-side view
15. right-side view 16. hidden line 17. proportional scale 18. dimensional line 19. full

line 20. three-view drawing

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 ( Figure 1-1-2a).

If the object is placed above the horizontal plane and in front of the vertical plane, the object
is in tﬁe first angle. In this case, the observer always looks through the object and to the planes of
projection. Thus, the right-side view is still obtained by looking toward the right side of the ob-
ject, the front by looking toward the front, and the top by looking down toward the top; but the
views are projected from the object onto a plane in each case. When the planes are unfolded ( Fig-
ure 1-1-2b) , 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
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- Figure 1-1-2  First-angle projection

orthographlc pro_]ectlon is shown in Flgure 1-1-3. The front top, and right-side views shown in
Figure 1-1-2b for fll‘St angle prolectlon are repeated in Flgure 1-1-3a. Ultlmately, the only differ-
ence between third- angle and first- anglc pro;ectlon is the arrangement of the views. Still, confu-
sion and possibly manufactunng errors may result when the user reading a first-angle drawing
thinks it is a third-angle drawmg, or v1ce versa. To av01d mlsunderstandmg, international projec-
tion symbols, shown in Flgure 1- 1-3b have been developed to distinguish between first-angle and
third-angle prOJectxons on drawings. O_n drgwmgs wnere the possibility of confusion is anticipated,

these symbols may appear in or near. the title box.

T -]

Right-side Front view
view

Top view

T 7
Front view. - - Right-side
view

Symbol . .., Top.view.
by N

a)

Figure 1-1-3  First-angle projection compareld_;to_,tl'li;d-angle projection



©6 - Pu L A2 ¥ 3k % 3E

Unit 2 Tolerances

Text

Interchangeable manufacturing allows parts made in widely separated localities to be brought
together for assembly. That the parts all fit together properly is an essential element of mass pro-
duction. Without interchangeable manufacturing, modern industry could not exist, and without ef-
fective 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 accord-
ing to functional requirements. A manufacturer of children’s tricycles would soon go out of busi-
ness 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 re-
quired. 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 differ-
ence 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 vatiation of the size will be
wholly on the side. For example, 30 _o.02 is a unilateral tolerance. Here the nominal dimension 30
is allowed to vary between 30mm and 29.98mm. In bilateral tolerance, the variation will be to
both the sides. For example, 30. 00 +0. 01 or 30 ‘g, . 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.

In engineering when a product is designed it consists of a number of parts and these parts ma-
te with each other in some form. In the assembly it is important to consider the type of mating or
fit between 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
dimension 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 Figure 1-2-1a and 1-2-1b. However
in Figure 1-2-1c, 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.

New Words and Expressions

1. interchangeable /into'tfeindzabl/ a. TIAFMRAY, A HBK
2. interchangeability /inta:tfeindza'biliti/ n. H ¥
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A e

10.
. bilateral /bai'letorsl/ o. IUHK, FAK
12.
13.
14.
15.
16.
17.

%
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Diameter
of hole

Hole
tolerance

c)
Figure 1-2-1 Typical fits possible in engineering assemblies

assembly /a'sembli/ n. H4; ¥, 44 EKEE
millimeter /'mili,mizta/ n. ZEX

accuracy /'ekjurasi/ n. Y¥EH (), ¥# (FE)
fortunate /'fortfonit/! a. FiBEH, HFEHN

tricycle /'traisikl/ n. =8%F

tolerance /'tolarens/ n. A

fimit /'imit/ n R, BHE; &B; o B
unilateral /'jusni'letorsl/ o BADIHY, BEMH

wholly /'houli/ ad. 5E2L, R

clearance /'klisrans/ n. [HBR, ZBR

alternative /'atl'tamativ/ o WEH—B, TBEN; EEW
interference /into'fiorons/ n. WA, T, KM

transition /treen'sizon/ n. L ; HE, P

as a means of fER----e MTHR (fFE, FB)

Hole
tolerance




A T A2 & b FE

18

. be termed as Frul M, BWHE

19. in the former case ZFERT—1EE T

Notes

(D Without interchangeable manufacturing, modern industry could not exist, and without ef-
fective size control by the engineer, interchangeable manufacturing could not be achieved.

BeATHkERE, BRTVRATRESE; A TR FHRTHARES, T

LR ERATRELIR,

A A 18] without B W ANR B &4 4], 43 BIZE ] R VER &, without ff “8& A"

%o

@ 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.

MREEHEFHEERNEREHARXRBI-HOEE, BafthXrgsarE, B

HEAEANBRINEROMBRE (B0 .

A% Joh if 51 S8 5B L B BE R

Glossary of Terms

— e bma e et A ek e
BRBoxIonsnmwn ~2

unilateral tolerance B3} [E] B

bilateral tolerance  ¥{321 [&] B

clearance fit [8]PREC &

interference fit TR ACE

transition fit IFEHR S

hole-basis ( basic-hole) system FEfL
shaft-basis ( basic-shaft) system  Z&%h il
basic size AFRNR

actual size SEFRR AT

. limit of size RBR T
. error R¥E

tolerance on fit WANZE

. tolerance zone /\EMW

. standard tolerance FRYEANZE
. tolerance grade NZEHH

. nominal error %4 Y iR#

. geometric tolerance JL{/AZ%E
. positional tolerance B/ E
. upper (lower) deviation L () W%
. working ( finishing) allowance fMTRE
. mass production FEHLAFE, KHLE
. straightness HZRE
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23. flatness SETHE

24. circularity [@]

25. cylindricity [Bl 4 B

26. parallelism SEi7F

27. perpendicularity I HE

28. angularity {Ei#&}BF

29. concentricity [5] %l E

30. symmetry XFFREE

31. roughness ¥H¥EE

32. finishing Y& i%E

33. total runout ( runout) 2Bk3h (RBkzh)
34. datum ( ~line, ~plane) FEHE (FEAEL, EHERE)
35. setting up error AR E

Exercises

1. Answer the following questions according to the text.

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.
L. Translate the following key terms into Chinese.

1. interchangeability 2. assembly 3. millimeter 4. accuracy 5. tolerance 6. devia-
tion 7. clearance 8. limit 9. interference 10. transition 11. circularity 12. symmetry
13. error 14. clearance fit 15. interference fit 16. transition fit 17. hole-basis system

18. shaft-basis system 19. basic size 20. tolerance zone
Reading Materials

Hole-basis and Shaft-basis System

For obtaining the required fit, the organization can choose any one of the following two pos-
sible 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 20. 00 ) *

Shaft of 20. 00 ;0 o, gives the interference fit.

Shaft of 20. 00 *>* gives the transition fit.

Shaft of 20. 00, o 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 constantly 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
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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.

Unit 3 Properties of Engineering Materials

Text

Design of structures and systems requires determination of component dimensions and is based
on the appropriate mechanical properties of materials.

Tension Testing. The tension testing is the test most commonly used to evaluate the mechan-

ical properties of materials. A typical SHaito fractiie

load-elongation curve for a pure metal Uniform strain

is shown in Figure 1-3-1. The stress- ]
Necking

strain curve for an aluminum alloy is begins .
racture

shown in Figure 1-3-2. A number of
important quantities can be calculated Tensile
strength Fracture
stress

Engineering stress

from the load-elongation or stress-strain
curve of a material, namely:
Modulus of Elasticity. The modu-

lus of elasticity, or Young’s modulus

Yield stress

(E), is defined as the tensile stress di- Engineering strain
vided by the tensile strain for elastic de- Figure 1-3-1 A typical load-elongation curve for a pure metal
formation and so is the slope of the line-

ar part of the stress-strain curve. This relationship is Hooke’s Law: E = o/ &.

45.000 1~ Tensile strength —\
40,000 — Elastic limit
astic limi
35,000 | ™~ \ {
Plastic deformation i
30,000 | , i Breaking
 Offset yield strength i strength
7 25,000 — * K or yield strength ,
% 20,000 — Sl . Elastic stretching j
1 Ae - |
@ 15000 - 22 ~Modulus of elasticity !
10,000 + g ;
| Elongation E
5,000 to failure N
0 | L | L~ | 1 i | 1 ™~ | J
0.002 0004 0.020 0.060 0.100 0.140
Strain/(in./in.)

Figure 1-3-2 The stress-strain curve for an aluminum alloy

Yield Strength. When a material under tension reaches the limit of its elastic strain and be-
gins to flow plastically, it is said to have yielded. ® The yield strength is then the stress at which
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plastic flow starts.

Tensile Strength. This is defined as the maximum load sustained by the specimen during the
tensile test, divided by its original cross-sectional area. It is sometimes called the ultimate strength
of the material.

Tensile Elongation. This is frequently taken as an indicator of the ductility of the material
under tensile test. To determine the elongation, the increase in distance between two reference
marks, scribed on the specimen before test, is measured with the two halves of the broken speci-
men held together. ® The percentage elongation is 100 times the quotient of the increase in length
and the initial distance between the scribe marks.

Reduction of Area. This is the quotient of the decrease in cross-sectional area at the plane of
fracture and the original arca at that plane (times 100, to express as a percentage). Similarly to
percentage elongation, this number is related to ductility.

The shape and magnitude of the stress-strain curve of a metal will depend on its composition,
heat treatment, prior history of plastic deformation, and the strain rate, temperature, and state of
stress imposed during the testing. The parameters, which are used to describe the stress-strain
curve of a metal, are the tensile strength, yield strength or yield point, percent elongation, and re-
duction of area. The first two are strength parameters; the last two indicate ductility.

New Words and Expressions

tension /'tenfon/ n. & v. HIfH, BLK
elongation / ijlop'geifon/ n. K, fHKR
modulus /'modjulas/ n. HE, ¥, #
slope /sloup/ n. HEIE, #E, ¥ (B) E
sustain /sas'tein/ v ¥4k, L

ultimate /'Altimit/ n. R, &K, BA
ductility /dak'tiliti/ n. #¥E, 2

scribe /skraib/ n. RIKMW; v AMRBIULK
quotient /'kwoufont/ n. B, ¥

10. load-elongation curve F7-{{<diLR

11. define...as... 3@.---e- EXH, e HEN
12. be used + # to WARER HER “RAFH---- B o

Notes

R N

(D When a material under tension reaches the limit of its elastic strain and begins to flow plas-
tically, it is said to have yielded.

MAORZER N BE A T B KM BB R, SRR B, AR,

£y when 3| S B94RB M AR, reaches 55 begins fE I FAIEFIHEE, WTFEH “Heo
N FEFFhG - "

® To determine the elongation, the increase in distance between two reference marks,



.12 - T AR H b kE

scribed on the specimen before test, is measured with the two halves of the broken specimen held
together.

ATHEMRKE, DR LERASEHICEBERHEME, Haioeifs LRKER
ic, HETE AR RO R - EHETE,

fEA ] dr, the increase in distance between two reference marks fE the elongation K [&] 32
5 ; 1M scribed on the specimen before test M fE marks I E1& o

Glossary of Terms

1. mechanical properties Jj2EkfE (IHERHLAEEERE)
2. physical properties 4 ¥ ¥ 8

3. chemical properties fL3¥H:HE

4. technique properties T 2 {4k

5. cross-sectional area A% i T

6. impact-loading 7 E. 4

7. engineering stress T2 JI

8. engineering strain T.FEN;ZF

9. elastic deformation FPEAEIE

10. elastic limit #PEHR R

11. proportional limit b Bi|#% FR

12. modulus of elasticity JRPEAER

13. stiffness K&

14, yield strength JH k38

15. tensile strength HLHI5EE

16. fatigue strength (o _,) JPEFFIRE

17. impact toughness 5 #) B

18. percentage elongation fH{< 3

19. area reduction B W 48

20. ductility and brittleness  ¥84: F1HE

21. Rockwell hardness (HR) test & [KHEE XL
22. Brinell hardness ( HB) test A5 CHHEE XK
23. Vickers hardness (HV) test #k[CEEE %
24. fatigue and endurance limit BEFFHE, AR
25. stress-strain curve i -5 AF # £

26. psi = pound per square inch B§/4¥ Jy &t
27. brittle material [ 151 %}

28. fracture surface WS4 TH

29. toughness R, Nt

30. melting point & 4%

31. thermal expansion FBZAK



