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CHAPTER IL
OF THE PERFORMANCE OF WORK BY MACHINES.

SECTION L.—Of Resistance and Work.

297. The Action of a Machine is to produce Motion against Resist-
ance. For example, if the machine is one for lifting solid bodies,
such as a crane, or fluid bodies, such as a pump, its action is to
produce upward motion of the lifted body against the resistance
arising from gravity; that is, against its own weight: if the
machine is one for propulsion, such as a locomotive engine, its
action is to produce horizontal or inclined motion of a load against
the resistance arising from friction, or from friction and gravity
combineéd : if it is one for shaping materials, such as a planing
machine, its action is to produce relative motion of the tool and of
the piece of material shaped by it, against the resistance which that
material offers to having part of its surface removed ; and so of
other machines.

298. work. (4. M., 513.)—The action of a machine is measured,
or-expressed as a definite quantity, by multiplying the motion which
it produces into the resistance, or force directly opposed to that
motion, which it overcomes; the product resulting from that
multiplication being called work. |

In Britain, the distances moved through by pieces of mechanism

are usually expressed in feet; the resistances overcome, in pounds
avoirdupois; and quantities of work, found by multiplying dis-
tances in feet by resistances in pounds, are said to consist of so
many jfoot-pounds. Thus the work done in lifting a weight of one
pound, through a height of one foot, is one foot-pound; the work
done in lifting a weight of twenty pounds, through a height of one
hundred feet, is 20 x 100 = 2,000 foot-pounds.
_ In France, distances are expressed in métres, resistances overcome
in kilogrammes, and quantities of work in what are called kilo-
grammetres, one kilogrammsatre being the work performed in lifting
& weight of one kilogramme through a height of one matre.

The following are the proportions amongst those units of distances
resistance, and work, with their logarithms ;—
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Logarithms.

One matre = 3'2808693 feet,.......ccciiaininn 0'515989

One foot = 0°'304709721 metres,............. 1484011

One kilogramme = 220462 lbs. avoirdupois,...... 0°'343334

One b, avoirdupois = 0°453593 kilogramme,......... 1656666

ne kilogrammatre = 423308 foot-pounds, ceresenese.0°850323
One fﬂﬂt-pound = 0138254 kilogrammetres,..... 1-140A%9 i

which : The Rate of Work of a machine means, the quantity of work
2 mig 1% performs in some given interval of time, such as a second,
of wo ‘}:tes or an hour (4. M., 661). It may be expressed in units
as th: (such as foot-pounds) per second, per minute, or per hour,
Pl'iatedcage may be; but there is a peculiar unit of power appro- -

to its expression, called a HORSE-POWER, which is, in Britain, (Z./

550 foot-pounds per second,
or 33,000 foot-pounds per minute,
or 1,980,000 foot-pounds per hour.
Thig
fm;i 13 also called an acfual or real horse-power, to distinguish it
be exa];,omzm horse-power, the meaning of which will afterwards
hﬁmep med. Tt is greater than the performance of any ordinary

In ’ ];,ts Dame having a conventional value attached to 1it.

. 7 Lance, the term FORCE DE CHEVAL, Oor CHEVAL-VAPEUR, is
a ’ ’
Pplied to the following rate of work :— ’
) Foot-1bs.
75 k}lﬂgrammétres per second = 542%
ornr 4,500 kilogrammeétres per minute = 32,549
270,000 kilogrammétres per hour = 1,952,032

bej

31)3% a‘],?o:lt One-seventieth part less than the British horse-power.
%0 be PE :f oclty.—1f the velocity of the motion which a machine causes
duct of thﬂrmEd against a given resistance be given, then the pro-
Work, op %’{5 velocity into the resistance obviously gives the rate of
anq the r:‘sﬁﬁtlve ower. If the velocitv is given in feet per second,
In fuutpoulstance 1n pounds, then their product is the rate of work
Unitg of 4 nds per second, and so of minutes, or hours, or other

; of time.
ekpm;: ‘lseually most convenient, for purposes of calculation, to
“econg op i vf(? locities of the parts of machines either in feet per
t be 4 fte:l et per minute. For certain dynamical calculations
Unijt of timw‘a{'dﬂ referred to, the second is the more convenient
Purpoges tﬁ - 1n stating the performance of machines for practical
» “1¢ minute is the unit most commonly employed.
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Comparison of Different Measures of Velocily.

Miles Feet Feet Feet
per hour. per second. per minute. per hour.

I = 146 = 88 = 5280°

06818 = 1 = 6o = 3600

001136 = o016 = X = 6o

0'000185')3', = 000027 = 0016 = I

per hour. or

= 1688 = 101°2Y

1 nautical mile
=1'1508 6076

The units of time being the same in all eivilized countries, the pro-

portions amongst their units of velocity are the same with those
amongst their linear measures.

3013. Work in Terms of Angular Motion. (A, M., 593,)——When a
resisting force opposes the motion of a part of a machine which
moves round a fixed axis, such as a wheel, an axle, or a crank, the
product of the amount of that resistance into its leverage (that 18,
the perpendicular distance of the line along which it acts from the
fixed axis)is called the moment, or statical moment, of the resist-
ance. If the resistance is expressed in pounds, and its leverage 1D
feet, then its moment is expressed in terms of a measure which
may be called a foot-pound, but which, nevertheless, is a quantity
of an entirely different kind from afoot-pound of work. (Seep. 32 1.)

Suppose now that the body to whose motion the resistance 15
opposed turns through any number of revolutions, or parts of 8
revolution; and let T denote the angle through which it turn$
expressed in revolutions, and parts of a revolution; also, let

2 x = 62832

denote, as is customary, the ratio of the circumference of a circle ¥
its radius. Then the distance through which the given resistanc®
is overcome is expressed by

the leverage X 2 » x T;

that is, by the product of the circumference of a circle whose radivs

is the leverage, into the number of turns and fractions of a tur®
made by the rotating body.

The distance thus found being multiplied by the resistance over”
come, gives the work performed; that is to say,
The work performed
= the resistance X the leverage X 27 x T,
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But the product of the resistance into the leverage is w}lat is called
the moment of the resistance, and the product 2 = T is called the
Angular motion of the rotating body; consequcntly,

The work performed .
= the moment of the resistance X the angular motion.

;. The mode of computing the work indicated by this last equation
'8 often more convenient than the direct mode already explained in
Article 298,

. The angular motion 2 = T of a body during some dEﬁI':iitE unit l:_rf
i;mﬂ, a3 a second or a minute, is called its angular velocity,; that is
83

» angular velocity is the product of the turns and fractions of a

“Urn made in an unit of time into the ratio (2 = = 6:2832) of the
Arcumference of @ circle to its radius. Hence 1t appears that

The rate of work
== the moment of the resistance X the angular velocity.

th 302'_ Work in Terms of Pressure and Volume. (_A' _-3{-: 517*)_’If
© resistance overcome be a pressure uniformly distributed over an
:ﬁ:‘a, 28 when a piston drives a fluid before it, then the amount of
i b resistance i equal to the intensity of the pressure, expressed
t]]::: NS of force on each unit of avea (for example, in pounds on
© 8quare inch, or pounds on the square foot) multiplied by the
3Tea of the surface at which the pressure acts, if that area is per-
Pen.dm’_i}l&r to the direction of the motion; or, if not, then by the
Projection of that area on a plane perpendicular to the direction of
S10ton, 1y practice, when the area of @ piston is spoken of, it 1s
T2y8 understood to mean the projection above mentioned.
whi oW When a plane area is multiplied into the distance through
is stch.lt moves in a direction perpendicular to itself, if its motion
mo Yght, or into the distance through which its centre of gravaty
v, if its motion is curved, the product is the wvolume of the
traversed by the piston. o _
it, "nce the work performed by a piston in driving a fluid before

eit}? T by a fluid in driving a piston before it, may be expressed in
°F of the following ways :— '
Resistance % distance traversed
= i”‘zﬂnﬁﬁy of pressure X area X distance traversed;
= inlensity of pressure X wvolume traversed.
atatednl:der to compute the work in foot-pounds, if the pressure is

Square I pounds on the square foot, the area should be stated in
feet, and the volume in cubic feet; if the pressure is stated in
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povnds on the square inch, the area should be stated in square inches,
and the volume in units, each of which is a prism of one foot in

length and one square inch in area; that is, of 1—1—; of a cubic foot

in volume.

The following table gives a comparison of various units in which
the intensities of pressures are commonly expressed. (4. M., 86.)

Pounds on the Pounds on the
square foot. square inch.
One pound on the square inch,..... 144 1
One pound on the square foot,..... I e

One inch of mercury (that is, weight
of a column of mercury at 32°

Fahr., one inch high),............ nor3 0'4912
One foot of water (at 39°-1 Fahr.), 62-425 0°'4335
One inch of water,....cccccuvnnenne.. 52021 0036125
One atmosphere, of 29-9z2 inches

of mercury, or 760 millimétres, 21163 147

One foot of air, at 32° Fahr., and
under the pressure of one atmo-

sphere,...... eteeeernatteiteaaaas 0080728 00005600
One kilogramme on the square

metre, ceevese. Ceteacrosarrerenneenne 0'204813 0'00142231
One kilogramme on the square

millimeétre, ...cevevevviciveariiocens. 204813 1422°31
One millimétre of mercury,......... 27847 0'01934

303. Algebraical Expressions for Work. (A. M., 515, 517, 593.)-"'
To express the results of the preceding articles in algebraical sym-
bols, let

s denote the distance in feet through which a resistance is over-
come in a given time;

R, the amount of the resistance overcome in pounds.

Also, supposing the resistance to be overcome by a piece which
turns about an axis, let

T be the number of turns and fractions of a turn made in the
given time, and ¢ = 27T = 62832 T the angular motion in the
given time ; and let

! be the leverage of the resistance ; that is, the perpendicular
distance of the line along which it acts from the axis of motion;
so that s =47, and R is the statical moment of the resistance. Sup:

sing the resistance to be a pressure, exerted between a piston an
a fluid, let A be the area or projected area of the piston, and p the
intensity of the pressure in pounds per unit of area.






