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PART 1
Machine Components and Design

1. Couplings, Clutches, Shafts and Springs

-A coupling is a device for connecting the ends of adjacent
shafts. In machine construction, couplings are used to effect a
semipermanent connection between adjacent rotating shafts. The
connection is permanent in the sense that it is not meant to be bro-
ken during the useful life of the machine, but it can be broken and
restored in an emergency or when worn parts are replaced. '

There are several types of shaft couplings, their characteristics
depend on the purpose for which they are used. If an exceptionally
long shaft is required for a line shaft in a manufacturing plant or a
propeller shaft on a ship, it is made in sections that are coupled to-
gether with rigid couplings. A common type of rigid coupling con-
sists of two mating radial flanges (disks) that are attached by.key-
driven hubs to the ends of adjacent shaft sections and bolted
together through the flanges to form a rigid connection. Alignment
of the connected shafts is usually effected by means of a rabbet joint
on the face of the flanges. _

In connecting shafts belonging to separate devices (such as an
electric motor and a gearbox), precise aligning of the shafts is diffi-
cult and a flexible coupling is used. This coupling connects the shafts
in such a way as to minimize the harmful effects of shaft misalign-
ment. Flexible couplings also permit the shafts to deflect under their
separate systems of loads and to move freely (float) in the axial
direction without interfering with one another. Flexible couplings
can also serve to reduce the intensity of fhoc&l‘oads and vibrations

! o1 .
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transmitted from one shaft to another.

The flexibility provided by a coupling may be only spatial or it
may be both spatial and resilient (springy) ;in other words, the cou-.
pling may compensate for shaft misalignment but provide no
resilience, or it may be resilient and provide also for a small amount
of misalignment.

A clutch is a device for quickly and easily connecting or discon-
necting a rotatable shaft and a rotating coaxial shaft. Clutches are
usually placed between the input shaft to a machine and the output
shaft from the driving motor, and provide a convenient means for
starting and stopping the machine and permitting the driver motor
or engine to be started in an unloaded state.

The rotor (rotating member) in an electric motor has rotational
inertia, and a torque is required to bring it up to speed when the mo-
tor is started. If the motor shaft is rigidly connected to a load with
a large rotational inertia, and the motor is started suddenly by clos-
ing a switch, the motor may not have sufficient torque capacity to
bring the motor shaft up to speed before the windings in the motor
are burned out by the excessive current demands. A clutch between
the motor and the load shafts will restrict the starting torque on the
motor to that required to accelerate the rotor and parts of the clutch
only.

On some machine tools it is convenient to let the driving motor '
run continuously and to start and stop the machine by operating a
clutch. Other machine tools receive their power {from belts driven by
pulleys on intermediate shafts that are themselves driven by belts
from long lineshafts that serve a group of machines.

* A shaft is a rotating or stationary member, usually of circular
cross section, having mounted upon it such elements as gears, pul-
leys, flywheels, cranks, and other power-transmission elements.
Shafts may be subjected to bending, tension, compression, or tor-
sional loads, acting singly or in combination with one another. When
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they are combined, one may expect to find both static and fatigue
strength to be important design considerations, since a single shaft
may be subjected to static stresses, completely reversed stresses, and
repeated stresses, all acting at the same time. The word “shaft” cov-
ers numerous variations, such as axles and spindles. An axle is a
shaft, either stationary or rotating, not subjected to a torsion load.
A short rotating shaft is often callad a spindle.’

* A spring is a load-sensitive, energy-storing device the chief
characteristics of which are an ability to tolerate large deflections
without failure and to recover its initial size and shape when loads
are removed. Although most springs are mechanical and derive their
effectiveness from the flexibility inherent in metallic elements,
hydraulic springs and air springs are also obtainable. >

Springs are used for a variety of purposes,such as supplying the
motive power in clocks and watches, cushioning transport vehicles,
measuring weights, restraining machine elements, mitigating the
transmission of periodic disturbing forces from unbalanced rotating
machines to the supporting structure, and providing shock protec-
tion for delicate instruments during shipment.

Words and Expressions

coupling ['kaplin] »n. 84 B R B4 LR BV . 588

_propeller [pra'pelo] n. MyEE . B3

flange [flaend3] . (%, 3625 (B sv. B LM% B LI 2 (D)

alignment [o'lainmant] n. () — B4, H 45 e, WM R B, 52 4, 51
b

rabbet ['reebit] n. $HFL . EFL B (O, 6RO, B, HERE

gearbox ['gioboks] n. f#4% , T E M

align [o'lainJv. #FIR—H &, EEX & AR AE. . EPL

flexible ['fleksabl] a. e #y. 5 &l a9, 7T A & B ¥ IR A

interfere [inte'fia] vi. T . T4k, W58 . [ - HEfh, W28 (with)



resilience [ri'zilians] n. 4k, [@3% , Bk, oL, METE

clutch [klatf] n. B4 2 vt U, W& R A BES

torque [tock] n. #6458, 146, %

cushion ['kufen] n. #F, B w3, WRE v, B KRB BR. Brb. B,
B

mitigate ['mitigeit | ve. B, B2, @B

line shaft = (a4 ; ¥ & 3% ; X8

machine tools L5 ; T #E& ¥l

spindle [spindl] n. ¥ #j

axle ['aksl] n. o8

semipermanent a. 2 7 & HE 8

bolt [boult] n. #g4¢ , 84F svr. FIMRM B )

hub [hab] n. .0 (#4088 HE . BE

coaxial [kou'=ksial] a. F#hEy, 88, BO 8

pulley ['puli] ». ¥, 4%

torsional ['ta:fonl] a. Wy, Wit 8y

spatial ['speifal] a. Zs a8y, 37 kB0

hydraulic [hai'droilik] a. kb a0, BES . & 58

restrain [ris'trein] we. M%), 45, B &

delicate ['delikit] a. %80, 580, REH BB

springy ['sprini] a. 3 16,4 B . {0138 S0

in the sense that...#-- & X

motive power 3H



2. Lubrication

Although one of the main purposes of lubrication is to reduce
{riction, any substance—liquid , solid , or gaseous——capable of control-
ling friction and wear between sliding surfaces can be classed as a

lubricant.
Varieties of lubrication

Unlubricated sliding. Metals that have been carefully treated to
remove all foreign materials seize and weld to one another when slid
together. In the absence of such a high degree of cleanliness, ad-
sorbed gases, water vapour, oxides,and contaminants reduce friction
and the tendency to seize but usually result in severe wear; this is
called “unlubricated” or dry sliding.

Fluid-film lubrication. Interposing a fluid film that completely
separates the sliding surfaces results in fluid-film lubrication. The
fluid may be introduced intentionally as the oil in the main bearings
of an automobile, or unintentionally , as in the case of water between
a smooth rubber tire and a wet pavement. Although the fluid is usu-
ally a liquid such as oil, water, and a wide range of other materials,
it may also be a gas. The gas most commonly employed is air:

To keep the parts separated, it is necessary that the pressure
within the lubricating film balance the load on the sliding surfaces. If
the lubricating film’s pressure is supplied by an external source, the
system is said to be lubricated hydrostatically. If the pressure be-
tween the surfaces is generated as a result of the shape and motion
of the surfaces themselves, however, the system is hydrodynamically
lubricated. This second type of lubrication depends upon the viscous
properties of the lubricant.

Boundary lubrication. A condition that lies between unlubri-
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cated sliding and fluid-film lubrication is referred to as boundary lu-
brication, also defined as that condition of lubrication in which the
friction between surfaces is determined by the properties of the sur-
faces and properties of the lubricant other than viscosity. Boundary
lubrication encompasses a significant portion of lubrication phenome-
na and commonly occurs during the starting and stopping of
machines.

Solid lubrication. Solids such as graphite and molybdenum
disu\ﬁide are widely used when normal lubricants do not possess suf-
ficient resistance to load or temperature extremes. But lubricants
need not take only such familiar forms as fats, powders, and gases;
even some metals commonly serve as sliding surfaces in some sophis-

ticated machines.
Functions of lubricants

Although a lubricant primarily controls friction and wear,it can
and ordinarily does perform numerous other functions, which vary
with the application and usually are interrelated.

Friction control. The amount and character of the lubricant
made available to sliding surfaces have a profound effect upon the
friction that is encountered. For example, disregarding such related
factors as heat and wear but considering friction alone between two
oil-film lubricated surfaces, the friction can be 200 times less than
that between the same surfaces with no lubricant. Under fluid-film
conditionss friction is directly proportional to the viscosity of the flu-
id. Some lubricants, such as petroleum derivatives, are available in
a great range of viscosities and thus can satisfy a broad spectrum of
functional requirements. Under boundary lubrication conditions, the
effect of viscosity on friction becomes less significant than the chem-
ical nature of the lubricant.

Wear control. Wear occurs on lubricated surfaces by abrasion,

corrosion, and solid-to-solid contact. Proper lubricants will help
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combat each type. They reduce abrasive and solid-to-solid contact
wear by providing a film that increases the distance between the
sliding surfaces, thereby lessening the damage by abrasive contami-
nants and surface asperities.

Temperature control. Lubricants assist in controlling tempera-
ture by reducing friction and carrying off the heat that is generated.
Effectiveness depends upon the amount of lubricant supplied, the
ambient temperature, and the provision for external cooling. To a
lesser extent, the type of lubricant also affects surface temperature.

Corrosion control. The role of a lubricant in controlling corro-
sion of the surfaces themselves is twofold. When machinery is idle,
the lubricant acts as a preservative. When machinery is in use, the
lubricant controls corrosion by coating lubricated parts with a pro-
tective film that may contain additives to neutralize corrosive ma-
terials. The ability of a lubricant to control corrosion is directly
related to the thickness of the lubricant film remaining on the metal
surfaces and the chemical composition of the lubricant.

Other functions

Lubricants are frequently used for purposes other than the re-
duction of friction. Some of these applications are described below.

Power transmission. Lubricants are widely employed as
hydraulic fluids in fluid transmission devices.

Insulation. In specialized applications such as transformers and
switchgear, lubricants with high dielectric constants act as electrical
insulators. For maximum insulating properties, a lubricant must be
kept free of contaminants and water.

Shock dampening. Lubricants act as shock-dampening fluids in
energy-transferring devices such as shock absorbers and around ma-
chine parts such as gears that are subjected to high intermittent
loads.

Sealing. lLubricating grease frequently performs the special
function of forming a seal to retain lubricants or to exclude
contaminants.
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Words and Expressions

lubrication [lu:bri'keifon] . #8%
cleanliness ['klenlinis] n. %% (B, &%
graphite ['graefait] n. 58
molybdenum [mo'libdinem ] ». 4§
disulfide [dai'salfaid] n. —#4k¥
fat [feet] n. BBy . VMg ;2. WBGAY , B8 69
derivative [di'rivativ] n. S%, 8, 8B, AW a. BAN LN
contamination [kantaemi'neifon] n. ¥5 8, W 8, R
. asperity [aes'periti] ». #H8, MM4FRE
metalworking ['metlwakin] ». &£@mnT
possess [pa'zes] vt. B# , X, &H
sludge [sladz] ». 3598, MR, i , Wik
viscous ['viskas] a. %58, K5 10, R EI 0
viscosity [vis'kositi] n. K5t , K5 B, 85 BE
abrasion [a'breizan] n. B #H, B, HE
corrosion [ka'rouzen] n. Bk, 25k, H
petroleum [pi'trouljom] n. & ™ &
suspend [sas'pend] v. &, . .82
deteriorate [di'tiarioreit | v. ﬁﬂ( SREMG (R D B4 B 4L, 855 BE 4R
neutralize ['njuitralaiz] vt. v f, P45 . T
dampen {'deempan] v. =damp B . %K, 2 sk
insulation [insju'leifon] n. 54, B #h , %8 4 (&
transformer [treens'fomo ]| n. A ER . T R%
switchgear ['swit[gio] n. L% B . Ba X5
dielectric [daii'lektrik ]} a. F S @8 %M, R
intermittent [inte'mitant] a. [8 8kfY. WigEny, F K
- hydrostatical [haidrou'staetikal] a. Fi k¥ (%) 8. WER S
hydrodynamical [haidroudai'nsemikel] a. #ifk st (289 . K H &9
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3. Machine Tool Frames

The frame is a machine’s fundamental element. It carries all the
active and passive components—spindles, tables, and controls .

Most frames are made from welded steel, cast iron, or
composite concrete. The following factors govern material choice.

The material must resist deformation and fracture. Hardness
must be balanced against elasticity. The frame must withstand im-
pact, yet yield under load without cracking or permanently deform-
ing. The frame material must eliminate or block vibration transmis-
sion to reduce oscillations that degrade accuracy and tool life. Tt must
withstand the hostile shop-floor environment, including the newer
coolants and lubricants. Material expansion must be understood to
minimize forces needed to move slides. The material must not build
up too much heat, must retain its shape for its lifetime, and must be
dense enough to distribute forces throughout the machine.

Pros and Cons

Either castings or welded sections can be used in most applica-
tions. The decision on which is best depends on the costs in a given
design situation.

Cast iron. Almost all machine tool frames were traditionally
made of cast iron because features difficult to obtain any other way
can be cast in. Castings have a good stiffness-to-weight ratio and
good damping qualities. Modifying wall thickness and putting the
metal where it’s needed is fairly easy.

On the down side, although cast iron is a fairly cheap material,
each casting requires a pattern. Larger sizes are a limiting factor
because of pattern cost, problems with bolted joints, and the need to
anneal castings, which is difficult and costly with larger sections.
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Smaller, high-volume machines usually have cast iron {rames
because they more easily absorb pattern cost. Welded frames may be
cheaper for lower volume machines.

Welded steel. Machine builders fabricate steel frames from
welded steel sections when casting is impractical. Because steel has a
higher modulus, it is usually ribbed to provide stiffness. The number
of welds is a design tradeoff: with welding, it’s easy to make large
sections and add features even after the initial design is complete,
but the heat can introduce distortion and also adds cost. Welds also
help block vibration transmission through the steel frame. Builders
sometimes increase damping by circulating coolant through the
welded structure or adding lead or sand to frame cavities.

Composites. Advanced forms of these materials, including those
with polymer, metal,and ceramic matrices,may change machine tool
design dramatically. Both matrix and reinforcing material can be tai-
lored to provide strength in specific axes.

Ceramics. The Japanese introduced experimental machine tools
with ceramic frames in the 1980s. Ceramics offer strength,stiffness.,
dimensional stability, corrosion resistance, and excellent surface
finish, but they are brittle and expensive. Their lack of conductivity
can be an advantage or not. Both composite and ceramic use Is
limited.

Reinforced concrete. Though conventional reinforced concrete
in simple sections increases mass and reduces vibration, another
form, actually a polymer matrix composite made of crushed concrete
or granite bound in a polymer matrix , is more popular. The compos-
ite has better damping characteristics than cast iron, can be cast into
almost any shape, needs no stress relieving, and can accommodate
fasteners and rails if inserts are used. However, it isn’t as strong as
metals and diffuses heat less efficiently.

Designers must consider the different expansion coefficients be-
tween the composite and the metal sections to which it is joined. The
most common applications for this material are high-accuracy
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