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1. GENERAL CONSIDERATIONS

The word machine has been given a wide variety of
definitions, but for the purposc of & this article it is a
device, having a unique purpose. that augments or replaces
human or animal effort for the accomplishment of physi-
cal tasks. Tools may be regarded as™® the simplest class of
machines. The operation of a machine may involve the
transformation of chemical, thermal, clectrical, or nuclear
energy into mechanical energy, or vice versa, or its func-
tion may simply be to modify and transmit forces and mo-
tions. All machines have an input, an output, and a trans-
forming or modifying and transmitting device,

Machines that receive their input energy from a natu-
ral source, such as™ air currents, moving water, coal, petro-
leum, or uranium, and transform it into mechanical energy
are known as™! prime movers. Windmiils, waterwheels, tur-
bines, steam engines, and internal-combustion engines are
prime movers. In these machines the inputs vary; the out-
puts are usually rotating shafts capable of being used as®
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Figure 1: Flow of energy in machines.

inputs to other machines, such as clectric generators, hy-
draulic pumps, or air compressors. All three of the latter
devices may be classified as) generators;@ their outputs
of clectrical, hydraulic, and pneumatic cnergy can be used
as inputs to electric, hydraulic, or air motors. These mo-
tors can be used to drive machines with a variety of out-
puts,® such as materials processing, packaging, or convey-
ing machinery.@ All machines that arc neither prime movers,
gencrators, nor motors® may be classified as operators.
This category also includes manually operated instruments
of all kinds,® such as calculating machines and typewriters.

If the operator is a pump driven by an electric motor,
the flow of energy from the prime mover at the power
plant through the generator and motor to the operator is
as shown in Figure 1. The operator can also be driven di-
rectly by a small, direct-connected prime mover, such as a

(@ be classified as: 1Ih; XY, 0 generator: —RIFCEERT,
S RE R RS ILF LR A EFR. & with a variety of out-
puts: HH &R . & BiAEIE, g8, 19 machines. a variety of:
AF &N, @ materials ... machinery: materials processing (“HHm
T.”),packaging #1 conveying Z B machinery. & that are neither ...
motors: EiEH47, 8 all machines. neither ... nor .0 BEF ..., X&..;
CHLBR. @ of all kinds: A fhy. A EBiAAIE, fE2iE, 9 manual-
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gasoline engine, as shown by the dotted line in Figure I;
for most'D power-driven operators, however, the flow of
energy from the prime mover follows the solid lines.

In some casest®, machines in all categories® are com-
bined in one unit. In a diesel-electric locomotive, for example,
the diesel engine is the prime mover, which drives the eclec~
tric generator, which, in turn,@ supplies electric current to
the motors that drive the wheels.

The foliowing are some examples supplied by an auto-
mobile.

In an automobile, the basic problem is harnessing the
explosive effect of gasoline® to provide power to rotate
the rear wheels. The explosion of the gasoline in the cylin-
ders pushes the pistons down, and the transmission and
modification of this translatory (Jinear) motion to rotary
motion of the crankshaft is effected by the connecting rods
that join each piston to the cranks (Figure 21) that are
part of the crankshaft. The piston, cylinder, crank, and
connecting rod combination is known as a slider-crank mech-
anism; it is a commonly used method of converting trans-
lation to rotation (as® in an engine) or rotation to trans-
lation (as® in a pump).

To admit the gasoline-air mixture to the cylinders and
exhaust the burned gases, valves are used; these are opened
and closed by the wedging action of cams (projections) on

@ most: k£¥; K% (D in some cases: (EHMMETF. () in
all categories: #Fifs; £ %M. FEIIEE, #E®, 89 machines.
in turn: CRE)Y, (FMML. & s harnessing ... gasoline: is: %. har-
nessing: B, &I, Mk FRIE is harnessing RUCHRE AT
. @ as: Hidn.



a rotating camshaft that is driven from the crankshaft by
gears or a chain.

In a four-stroke-cvcle engine with eight cyvlinders, the
crankshaft receives an impulse at some point along its length
every quarter revolution.™ To smooth out the effect of
these intermittent impulses on 2 the speed of the crank-
shaft, a flywheel is used. This is a heavy whecel, attached
to the crankshaft, that by its inertia s> opposes and mo-
derates any speed fluctuations.

Since the torque (turning force) that it delivers®
depends on its speed, an internal-combustion engine can-
not be started under load.® To enable an automobile
engine to be started in an unloaded state and then con-
nected to the wheels without stalling,® a clutch and a
transmission are necessary. The former? makes and breaks®
the connection between the crankshaft and the transmission,
while the latter® changes, in finite steps,# the ratio between
the input and output speeds and torques of the transmis-
sion. In low gear,i® the output speed is low and the out-
put torque higher than the engine torque. so thatiy the car
can be started moving: in high gear, 1% the car is moving

(® at some point: fE3¥— A(L). along its length: B ERY K H M.
every quarter revolution: &% 1 /4 M. Bpti@iriE. @ effect of(..) on...:
(xR (LOM..BER. o) by its inertia: FBA R SR
f:. @ that it delivers: ER{EiEM. LB, BHEl torque. if: XAk
JGWify internal-combustion engine. 31 under load: 74 MIELMMR T,
HHBOHEMAT. © without stalling: T & (Hik4H) Rll, BEKKK.
(@ the former: B1&. ¥ Lth @) clutch, 5 makes and breaks: /4
Liors; ol b, () the latter: J5&. $ii lyrb ) transmission. o)
in finite step: 4y JL&%; » /L. dv in low gear: HFICE Y. @& so that:
B Bibh &% LME. 03 in high gear: 71 d0b.
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at a substantial speed™ and the torques and speeds are
equal.

The axles to which the wheels are attached ™ are con-
tained in the rear axle housing, which is clamped to the
rear springs, and are driven from the transmission by the
drive shaft.® As the car moves and the springs flex in re-
sponse to® bumps in the road, the housing moves relative
to the transmission; to permit this movement without in-
terfering with the transmission of torque, a universal joint
is attached to each end of the drive shaft.

The drive shaft is perpendicular to the rear axles. The
right-angled connection is usually made with bevel gears
having a ratio such that's: the axles rotate at from one-third
to one-fourth the speed of the drive shaft.«’ The rear axle
housing also holds the differential gears that permit both
rear wheels to be driven from the same source and to ro-
tate at different speeds when turning a corner.:?

Like:w all moving mechanical devices, automobiles can-
not escape from the effects of friction. In the engine, trans-
mission, rear axle housing, and all bearings, friction is un-
desirable, since it increases the power required from the
engine; lubrication reduces but does not eliminate this fric-

(D at a substantial speed: Uipgi; #ERH. © to which ... at-
tached: LRAERA. RWHEIA to Ml which ESmaiEa, By
axles. (3) drive shaft: F:zh%; f52h%h; Hi%h. -4 in response to: ...
(f); Fi...(W). =) such that: SXFMUECT.... S, HAER. D
at from ... shaft: DUEZHREEMiM 1/3~1/4 k. at .. speed: BA...fH
BWOE; DL AR, from .. to 0 M. F. .. one-third the speed of: LK
iy I/3. one-fourth the speed of: ... MMM 14, 1 when turning a
corner = when the rear wheels are turning a corner. (T4 ER) 86y

Bf. & like: &..(—#); MA.... &R E.



tion. On the other hand, D friction between the tires and
the road and in the brake shoes makes traction and brak-
ing possible.® The belts that drive the fan, generator, and
other accessories are friction-dependent devices. Friction is
also useful in the operation of the clutch. Some of the
devices cited above, and others that are described below,
are found in machines of all categories,® assembled in a
multitude of ways® to perform all kinds of physical tasks.
Because of this diversity of function and the lack of com-
mon characteristics, this article will not be concerned with
specific operators. Neither will it deal with the overall per-
formance of prime movers, nor with the operation of hy-
draulic, pneumatic, or electrical devices.» It® will consider
only the operation and structure of the basic mechanical
devices that are the constituent parts of machines. The
function of most of these devices is to transmit and mo-
dify force and motion.® Other devices, such as springs,
flywheels, shafts, and fasteners. perform supplementary
functions.

For the purposes of ® this article a machine may be
further defined as a device consisting of two or more resis-
tant, relatively constrained parts that may serve to trans-

(1) on the other hand: K H— Ak, HK: R2Z. @ makes ..
possible: .. 5% %7 ¥, of all categories: XMfH. D in a mul-
titude of ways: PLFLMEM; DIEHHL. a multitude of: ¥£H.

® Neither ... devices. neither ... nor ... A& .. XA&~..: ... 81 ... 88
A. EiE it ()0 this article) X+ will #1 deal Z{E. nor EH M with
Y5 deal BH:%FR. deal with: HBR; it#®. & I f£¥ this article.

(1) is to transmit ... motion: is: £. to transmit and modify ... A&
TAERIE. ® For the purposes of ...0 .. % AT.. .8H.
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mit and modify force and motion in order to® do work.
The requircment that the parts of a machine be resistant
implies that they be capable of carrying imposed loads
without failure or loss of function.® Although most machine
parts are solid metailic bodies of suitable proportions,
nonmetallic materials, springs, fluid pressure organs, and
tension organs such as belts are also employed.

The most distinctive characteristic of a machine is
that the parts are interconnected and guided in such a way
that their motions relative to one another® are constrain-
ed. Relative to the block,® for example, the piston of a
reciprocating engine is constrained by the cylinder to move
on a straight path; points on the crankshaft are constrain-
ed by the main bearings to move on circular paths; no
other forms of relative motion are possible.

On some machines the parts are only partially con-
strained. If the parts are interconnected by springs or fric-
tion members, the paths of the parts relative to one an-
other may be fixed, but the motions of the parts may
be aflected by the stiffness of the springs, fricton, and the
masses of the parts.

@ in order to (+FHIAEE): H7T..; LUHT... © The require-
ment ... function. #FHFERK, £k, B, FL"LEHMEN, b
PEIEER REEE. XA HIAREMEBRAT should (“RETN4- %
HWEE). kX% that the parts of a machine be resistant = that the
parts of a machine should be resistant. that ... resistant: &34 5§
49, U3 requirement. that they be capable ... function = that ihey
should be capable ... function. £ implies TR IFEA. @ in such
a way that: @ (GHR)%; DAXEHFARK..0 Rfi... @ relative to
one another: iy HIdps. & bleck = cylinder block. #ifrik.



If all the parts of a machine are comparatively rigid
members whose deflections under load are negligible, then
the constrainment may be considered complete and the rel-
ative motions of the parts can be studied without consider-
ing the forces that produce them.» For a specified rota-
tional speed of the crankshaft of a reciprocating engine,
for example, the corresponding speeds of points on the con~
necting rod and the piston can be calculated. The deter-
mination of the displacements, velocities. and accelerations
of the parts of a machine for a prescribed input motion
is the subject matter® of kinematics of machines. Such
calculations can be made without considering the forces in-
volved, because the motions are constrained.

According to the definition, both forces and motions
are transmitted and modified in a machine. The way in
which the parts of a machine are interconnected and guid-
ed to produce a required output motion from a given in-
put motion is known as the mechanism' of the machine.
The piston, connecting rod, and crankshaft in a reciproca-
ting engine constitute a mechanism for changing the rectilin~
ear motion of the piston into the rotary motion of the
crankshaft.

Although both forces and motions are involved in the
operation of machines, the primary function of a machine
may be either the amplification of forced or the modifica-
tion of motion. A lever is essentially a force increaser,®

1) them: {RE: relative motions. (@ subject matter: 8 @H; ¥
g8, ) mechanism: — Ki%HLA”. 78 U2 IR 300 AG WLRE L N BRER R
B, %iFNLEIRCBLE”. (@ amplification of force: K ZE“EHEK".
BREIRBRCHTIEN”. & force increaser: M IR, A “HHHER".
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while a gearbox is most often us:d as a speed reducer.
The motions and forces in a machine are inseparable,
however, and are always in an inverse ratio.™ The output
force on a lever is greater than the input force, but the
output motion is less than the input motion. Similarly,
the output speed of a gear reducer is less than the input
speed, but the output torque is greater than the input
torque. In the first case a gain in force is accompanied by
a loss in motion,® while in the second case a loss in mo-
tion is accompanied by a gain in torque.

Although the primary function of some machines can
be identified, it wouldd be difficult to - classify all machines
as either force or motion modifiers: some machines be-
long in both categories. All machines, however, must
perform a motion-modifying function, since if the parts
of a mechanical device do not move, it is a structure, not
a machine. It is customary for machinery designers, when
studying the motions of the parts, toé: speak of 0 the
mechanism of a machine.

While all machines have a mechanism. and consequent-
ly perform a motion-modifying function, some machines
do not have a planned force-modifying purpose; the Forces
that exist’® are caused by friction and the inertia of the
moving masses and do not appear as® a useful output

1) (be) in an inverse ratio: K IL. = Jloss in motion: by ok
%.in: &...}®. @ gain in torque: HEPMA. in: .. 5E. @ would
(+ FHIFE): BRE); BAW). ©  (be) difficult to (+ FHREH): BLL
(#). © it is customary ... to (+ZHEBH): IR F(E). for (+ i)+
to (+AHREE): RERE LHEMSDETER. REARHHATERER L
Mg, (D speak of: R Whk. % that exist: FIEM; BN &
BRI, LWl forces. (3 appear as: K% k.. R,
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effort. This group would include measuring instruments
and clocks.

The “work” referred tod in the definition will be in-
terpreted in its scientific sense. In the scieuce of mechanics,
work is something that forces doZ when they move in the
direction in which they are acting, and it is equal to the
product of the average force and the distance moved.® If
a man carries a weight along a horizontal path, he does
no work according to this definition, since the force and
the motion are at right angles to one another;® that is,®
the force is vertical and the motion horizontal. If he car-
ries the weight up a flight of stairs or a ladder, he does
work, since he is moving in the same direction in which
he is applying a force. Mathematically, if F equals force
(in pounds or kilograms),® and S equals distance (in feet
or metres),® work is then equal to the applied force F
multiplied by the distance this force moves S or WORK
=Fx8.

When a force causes a body to rotate about® a fixed
axis, or pivot, the work done® is obtained by multiplying
the torque (7T) by the angle of rotation.

These concepts of work are fundamental in defining
the mechanical work function of machines in terms of®@

D referred to: FiiSKiy. (@ that forces do:i:i% B4y, B ¥ some-
thing. (3 the distamce moved: W zmmE®. @ (be) at right
angles to one another: LR EH; EMEH. & that is: HP; Yk .
® in pounds or kilograms: DAV T h 8 M ABEAR. in: LA
By Bfr.... @ in feet or metres: DL R XLy BMHEHERE
¥*. (B cause ... to (+ZHEEE): &...(). rotate about £5 .. F&:.
(i) the work done: FritiyEy. (0 in terms of: . (RiE); #il: KW,
.
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forces and motions, and they bring out!) the inseparability
of forces and motions in machines. Because of friction,
the work output from a machine is always less than the
work input, and the efficiency, which is the ratio of the
two, is always less than 100 percent.

The ratio of the output to input forces is the mechani-
cal advantage (MA), and it defines the force-modifying
function, while the ratio of the input to output motions
is the velocity ratio (VR), and it defines the motion-modi-
fying function. When the efficiency is high, these ratios
are approximately equal; if the output force is ten times
the input force.® the imput motion must be ten times the
output motion; i.e., what® is gained in@ force is lost in®
motion. Friction affects the mechanical advantage but not
the velocity ratio.

To calculate the efficiency from the ratio of output to
input work, it would® be necessary to® know the work
done by the output and input forces over®™ a specified
distance. Since this would® entail the determination of
average forces over® the interval, it would be inconvenient.
The efficiency of a machine is more easily determined from
instantaneous values of load and the rate at which the load
is moving. For this purpose,i® power formulas are most
useful.

@ bring out: A AR #W: ER; MBI HE. @ (be) ten
times the input force: RMAMDIH T LBABHDHAALIE. be x times
y: & yBxfthy R(x—-D#. & what = that which; the thing which.
@ in: f£HE. @ would (+FAEE)AE). © be necessary to(+
B BHE). O over: @id; Mid. REEi. & would (+&
WEE): ##): SE@). ) over: BE®. v for this purpose: i;
I~ Bx— A,
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