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LESSON ONE

TEXT
MECHANISMS

Mechanisms may be categorized in several different ways to em-
phasize their similarities and differences. One such grouping divides
mechanisms into planar, spherical, and spatial categories®. All three
groups have many things in common; the criterion which distingui-
shes the groups, however, is to be found in the characteristics of the
motions of the links.

A planar mechanism is one in which all particles describe plane
curves in space and all these curves lie in parallel planes; i, e, the loci
of all points are plane curves paraliel to a single common plane. This
characteristic makes it possible to represent the locus of any chosen
point of a planar mechanism in its true size and shape on a single
drawing or figure. The motion transformation of any such mechanism
is called coplanar. The plane four-bar linkage, the plate cam and fol-
low, and the slider-crank mechanism are familiar examples of planar
mechanism. The vast majority of mechanism in use today are planar.

Planar mechanisms utilizing only lower pairs are called planar
linkages; they may include only revoive and prismatic pairs, Al-
though a planar pair might theoretically be included, this would im-
pose no constraint and thus be equivalent to an opening in the kine-
matic chain., Planar motion also requires that axes of all prismatic

pairs and all revolute axes be normal to the plane motion.



A spherical mechanism is one in which each link has some point
which remains stationary as the linkage moves and in whcib the sta-
tionary points cf all links lie at a common location; i. e. the locus of
each point is a curve contained in a spherical surface, and the spheri-
cal surfaces defined by several arbitrarily chosen points are all concen-
tric. ‘T’he motions of all particles can therefore be completely de-
scribed by their radial projections, or “shadows”, on the surface of a
sphere with properly chosen center,

Spherical linkages are constituted entirely of revolute pairs. A
spheric pair would produce no additional constraints and would thus
be equivalent to an opening in the chain., while all other lower pairs
have nonspheric motion. In spheric linkages. the axes of all revelute
pairs must intersect at a puint,

Spatial mechanisms, on the other hand, include no restrictions
on the relative motions of the particles. The motion transformation is
not necessary coplanar, nor must it be concentric. A spatial mecha-
nism may have particles with loci of double curvature, Any linkage
which contains a screw pair, for example, is a spatial mechanism,

since the relative motion within a screw pair 1s helical,

NEW WORDS
mechanism['mekonizam] n. IR - ML R CRL IR LB
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planar[ ‘pleina] a. YES;ZER —FEmK
sphericall 'sferikal | a. B, BRI AY , BRI )
spatial['speifal] a. FHM, HFE=EH
criterion| kraitiarian ][ pf. criteria] #. (HEVE, FI B 59 ) b1 o M0,

HIE %

distinguish{ distingwi]] v. X B 35, 15
link[ lipk] =. EEGEER

— 2 —



particle[ 'paitikl] =,

locus['loukas]” pl. loci] n.

cam| keem| #,
follow[ falou] n.
prismatic[ prizmeetik ] a.

constraint[ kan'streint | n.

kinematic[ kainimatik] a.

revolute[ reveljuit] a,
stationary['steifensri] a.
arhbitrarily[ ‘atbitrarili] ad.
concentric] ken'sentrik | a.
projection] pradzekfan] =.
constitute] konstitiut] v,
intersect[ inta{:)'sekt] .

curvature[ 'karvat[a] n.

helical heliksl] a.
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USEFUL TERMS AND EXPRESSIONS

in common
paraliel to

be equivalent to

A
5B A7
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1. All three groups have many things in common; the criterion which

distinguishes the groups, however, is to be found in the character-

istics of the motions of the links.
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However. brittle materials such as cast iron have high compressive
strength but only a moderate tensile strength,
AT BHETHEAREM N EREER MEREPHRFEFE
K¥.
(2> T Ay, i R BIE .
() frFHER. #m.
Most milling machines are similar, however,
AT, R EBRGEIRBEADAY.
2. MANBAEABERBPEAR 2. AENEERERAAREEANS
M,
All three groups have many things in common, (have sth, in com-

mon)

BRERNABAAEHAS.

The metion transformation of any such mechanism is called copla-

nar.

DR YL E SRR N E .
The locus of each point is a curve contained in a spherical surface,
(be contained in)
B-AHMIEREGIETREANEHE,
A spheric pair would produce no additional constraints and would
thus be equivalent to an opening in the chain. (be equivalent to)
— I RERIA SRR R, B RS T .
Many contouring NC tmachines, such as lathes and vertical milling
machines, are of the two-axes type,
VBT SO WL K 0 & KA AR F R B h R B A

3. AR TFAERRMBLIE G L HKED.

EXERCISES

Answer the Following Questions,

1. How many groups are mechanisms divided into?
— 4 —



2. How to distinguish three groups?

3. Why is it possible to represent the locus of any chosen point of a
planar mechanism in its true size and shape ¢n a single drawing or
figure?

4. What does planar motion require?

5. How to describe the motion of all particles in a spherical mecha-
nism?

6. What do the axes of all revolute pairs require in spheric linkages?

READING MATERIAL

Machine Elements

However simple, any machine is a combination of individual
components generally referred to as machine elements or parts.
Thus, if a machine is completely dismantled, a collection of simple
parts remains such as nuts, bolts, spring, gears, cams, and shafts—
the building blocks of all machinery, A machine element is, there-
fore, a single unit designed to perform a specific function and capable
of combining with other elements. Sometimes certain elements are as-
sociated in pairs, such as nuts and bolts or keys and shafts. In other
instances, a group of elements is combined to form a subassembly,
such as bearings, couplings, and clutches.

The most common example of a machine element is a gear,
which, fundamentally, is a combination of the wheel and the lever to
form a toothed wheel. The rotation of this gear on a hub or shaft
drives other gears which may rotate faster or slower, depending upon
the number of teeth on the basic wheels.

Other fundamental machine elements have evolved from wheei
and levers. A wheel must have a shaft on which it may rotate. The
wheel is fastened to the shaft with a key, and the shaft is joined to

- § -



other shafts with couplings. The shaft must rest in bearings, may be
started by a clutch or stopped with a brake. It may be turned by a
pulley with a belt or a chain connecting it to a puliey on a second
shafl. The supporting structure may he assembled with bolts or riv-
ets or by welding. Proper application of these machine elements de-
pends upon knowledge of the [orce on the structure and the strength
of the materials employed.

The individual reliability of machine elements becomes the hasis
for estimating the overall life expectancy of a complete machine,

Many machine elements are thoroughly standardized.

Testing and practical experience have established the most suit
able dimensions for common structural and mechanical parts,
Through standardization, uniformity of practice and resulting econc-
mies are obtained, Not all machine parts in vse are standardized,
however. In the automotive industry only fasteners, bearings. bush-
ings, chains, and belts are standardized. Crankshafts and connecting
rods are not standardized.

Shafts rotate in some type of support. We ¢all these supports
bearings. Bearings keep the shafts steady.

There are various types of bearings: sleeve bearings, ball bear-
ings, roller bearings, etc, We use different types of bearings for dif-
ferent purpose,

Friction gives mevement resistance, and lubrication reduces fric-
tion, Proper lubrication protects the bearings and makes the move-
ment smooth, Different types of bearings require different oils and
greases. Low-speed bearings use grease and high-speed bearings re-

quire light oil. Grease gives some resistance to the movement.



LESSON TWO

TEXT
STRESS AND STRAIN

When a force {or load) is applied to a material, it produces a
stress in the material. © The stress acting on the material is the force

exerted per unit area:

Force
Stress= ;{}F
Area i
. . =T
Stresses may be tensile, compressive or shear e

in nature. Figure 1 shows a metal block in tension,
i. . @ the force F is a stretching force which thus in-
creases Lhe lengih of the block and reduces its cross- -
section. If the metal block has a cross-sectional area

A, then the tensile stress is F/A.

The dimensional change caused by a stress is

called strain. In tension (or compression), the F

strain 1 io of the ch i
strain 1s the ratic o e change in length to the Fig.1.1 Metl

original length, block in tension

Thus in fig. 1. 1

. . Extension in length ¢
Tensile strain= gth__ &

Original length L

Being a ratio, strain is a number without units, but change both in
length and original length must be expressed in the same units, Strain

may alsc be expressed as a percentage,



In fig, 1. 2, the force F compresses the metal, thus reducing its
length and increasing its cross-section. In this case, the compressive

stress is F/A and

Comopressive stmil_l___Rel:luction in length__ ¢
pres Original length L

@ In elastic behaviour, the strain produced F‘

in a stressed material is completely removed as

soon as the stress is removed, so that the mate- 1

rial returns to its original dimensions. Some me-

tallic materials show elastic properties up to fair-

~
1y high stresses, while others have little, if any,
elasticity. ® When an elastic material is losded
progressively in tension, the elastic strain pro-
duced is direcily proportional to the stress cau- F'
.. . . .. s
sing it. This relationship is known as Hooke’ s Fig.1.2 Metal

law, The graph of stress against strain (Fig. block in compression
1. 3) will be a straight line passing through the
origin. The slope of this straight line (stress/ Limit of

. . . . . proportionali
strain) is a constant for a given material, This ality

Stress

constant is known as Young’s modulus, or the
modulus of elasticity, and is denoted by E, so
that

Stress
- ——

Modulus of elasticity E= -
Strain Strain

ince strain is i ionless quantity, E .
Since a dimensionless q ¥s Fig.1.3 Steess/Strain

curve showing limit
governed by the nature of the material; for steel of proportionality

has the same units as stress. © The value of E is

it is about 2 X 10°N/mm® and is not much affected by composition or
heat trestment, but decreases with increase in temperature, ® The

higher the value of E the more springy a material is.



