CHAPTER 1V.

INCOMPLETE PAIRS OF ELEMENTS.

§ 39.
Closure of Pairs of Elements by Sensible Forces.

IN our examination both of the lower and higher pairs of
elements, we have hitherto assumed that the reciprocal restraint
of the two elements forming the pair was complete ; <.¢., that each
of the two bodies by the resistant qualities of its material and
the form given to it, both enveloped and constrained the other.
We have made this assumption also, expressly or tacitly, in inves-
tigating the forms to be given to bodies in order that any sensible
forces tending to alter their required relative motion might be
balanced by latent forces. Under certain circumstances, however,
the strictness of this condition may be somewhat relaxed,—when,
namely, precautions are taken to prevent the possibility of sensi-
ble forces having certain directions ever affecting the pair. If this
can be done, it is obvious that it is no longer absolutely necessary
to make the pair entirely self-closed, bodily envelopment being no
longer essential for restraint in those directions.

In order thus to prevent the disturbing action of sensible forces
acting in any given direction upon an element @ which is to be con-
strained, we allow another sensible force to act upon it continu-
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ously, and make the direction of this force ofposi te to, and it mag-
Bl o Tl freme 1y o eow
greatest snticipate ddistur biog force be = , theninorderdo neutra-
lise it we must cause an opposi te force of the ungmluvh Pto act
upon the supposcd elemeut a. Lhis fore: restraine a in the place
ofea portioneof the enveloping parteer-clement b if forethe sake
of security we give to it the magnitude P+Q, thenin the worst
case @ i held @ the opposite poiut of restrainteby the dorce
P—P-Q = , this pressure being balanced by latent forces in the
element . The generalconditions ofequilibium are ths fulflied
Auy such furce os the supposed one P-4~ closes, as it vere, i

the direction— (P + @), thepair of clements lef t urclosed orincom-
plete inethat direction ; we shallahercfore eallit & closiug force.
Suchepairs ofeelements as require closiug forces are evidently in

complete in themselves; theireusefulncss dependseupon the applica-

’Jtaagg—E

Fxn 120,

. 122,

tion of the closiog force, or upon what. we may call iu one wond
force-d

Furoolosed s ceou freuely in machinery. The shata
and bearings of most water-wheels are illustrations of them, where
e R i e e
to prevent auy vertéal motian of the axle without the emeloy-
ment of a phimmer-lock cover (Fig. 120). The crosshead some -
timeseused for large horizontalng ines gives us another llustation
(Fig. 121) ; the heavy pistomand ro ds here prevent any rising of the
croshead, which is guied ouly beneath and at the siles. The
knife-edge ofea balace (Fig. 122) is also kept ia continuous con-
taet wi th its bearings Ly the weighteof the beam and scales. The
railway tiru-table is another example, the whole table beiug hera
held by its owo weighteand that of the Toad wpan iteon acroller
Path cotnpletely open above ;3 similar thing often ocoursein wharf-
cranes.  Railway-wheels, lastly, are conmon and well-known
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illustrations of forco-closeid pairs; they are kept in continual
contact with their paunesslessents the i, by vrtcl down-
ward closing forces

T e s s e presentstitself ob-
viously and naturally, and often greatly dimplifis thehconstruc-
tion. This, however, is ouly onehof thewaysku which itloccirs ;
we must proceedto consider others

§40.
Force-closure in the Rolling of Axoids.

Whileliu the cases just wentioned the object of thelelosing force
e N e
elemeats, it way under certain cireumnstances have & much
vides pupose. Tlia oseurs when the atian of & fomo dervel

stnfEs betaThe
St i i

s furnis|
5) lvendy el in § 57
as netmerely. tehboldithe.two oyl inders hcontact, but slshto
press them so strongly together 53 to prevent sliding under a
given tangential fore—in other
werds, to causc the cylindric sur-
faces, which here are the axoids them-
selves, to roll upon une another

By & more s ct examination iuto
this case, we can see that the closing
foce presses the small roughnesses
of thehsurfuces bogetherlso as to
make the cylinders work like spur-
whecls, such force-component s as Fio. 125,

sesisted by thelclosing force. It is this consequdacelof the pressing
B R RS
the naue fric

This mpn,ymmn of force-closur occurs very frequently.  Its
i the case of the riving-wheels of locemotivesis iu-
portaut in the highest degree. The whohe development of our
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railways has been directly dependent onit. Every one is familiar
with the fact that at the first the notion of “&dhesion” between
the wheels and the rails was thought so illusory that it could
scarcely obtain a trial,—restraint being obtained by the use of
suitably profiled pairs of elements. Blcnkinsop’s toothed-rail, and
those of the Liverpool and Manchester Railway, Brunton’s revolv-
ing legs, and other even less practical constructions all illustrate
this.

The constrained rolling of axoids under force-closure differs
essentially from the mere closure of an incomplete pair of elements.
The two things may, however, occur together as well as singly. In
the driving-wheels of locomotives they are united ; in the wheels
of the carriages there is nothing more than closure of elements by
pressure.

In the latter case it would be possible to bring about the element-
closure by the addition of a second pair of elements, an additional
rail, for instance, which could be so embraced by a suitably formed
piece connected with the carriage as to render any rising of the
latter from the main rails impossible; but this would not in any
way mnake the wheels more like the driving-wheels. Such an ar-
rangement has indeed been employed on the Rigi railway. With
it the motion of the carriage on the line may be more accurately
described as that of an ordinary closed pair than as occurring with
torce-closure.

We see that force-closure finds important and numerous appli-
cations. It always retains, however, a certain incompleteness. If the
closing forces be not sufficiently large, or if unforeseen disturbances
occur, the constraint may be destroyed or temporarily broken. Not-
withstanding this, force-closure—as the examples given show--is of
most essential service in machinery. It leads us besides to an
entirely different kind of pairs of elements, which are in machinery
of even greater importance than those just considered. We shall
examine these more closely in the following paragraphs.
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§4
Flectional Kinematic Elements.

We have hitherto supposed the capacity for resistance, which
e recog il as an essential forthosebodies from whicha machine
could be constructed, to bo atteined by giving to théh elements
complete rigidi N immovasility. We asswued that the
‘materialiund dimensiousef the element had been suitably choses
for hislpurpose,thisboing the function ofhnachine design. The
admissibility of force-clos ure, however, shows us that bocies may.
serve for the formation of elements which caunot e considered as
sensibly rigid. 5, namely, we choose such bodies as, while net
resistant, in all directions, can maintain appreximate melecular
immovalility undcr the nct ion ef sensible force in at least one
direction, and employ these badies unier such forcodosure a3

Fua 124,

Fio. 125,
e 138

comespouds i i
exactlylasiftheyhvereleompletel yresistaut.
possessing these peculiarities we liave onlinaty o

or ropeshwoven or leathern bands and belts, banls oshropes of
metal or wire,every kind of chain, all those ongans in shrt whih,
sffering no sensibleh resistanceh except to tenson, can yet be
made <uliciently rigid under the action oftensilc forces ofigny
wagaitude.  We may indude chemall under thename of tensioa-
orgens.

On acconnt of cheir want of rigidity in otlier diretions, the
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ies of varioushforms. Thushwemaylhave a rounded
m) over which they slideh fore-clased in bothdirec-
s, s pulloy (Fi. 125),the tensiomorgan. moving upwards on
onelsile of it, dwnwards on the other;—ndrum (Fighl25) upon
which it can be coiledhmd so on. We findhthese pairs of ele-
ments used andhappliedhinkthehmost various wayshin pulleys
andleranes,intbelt-trains, in rope-trains, inlm bmerged ropetowing,
te. The clements always reciprocally envelope each other—but
althoughhthehenvdopmenthpasses sometimeshinth enclosure, they
have not the latter as an essential characteristic; they must be
classed therefore as higher pairs of elementsh

o which
possess molecularhimmovability onlylinhreferencelito. compressive
forces, and which may therefore be called pressure-organs
this class belong all fluids, liquid and gnseons,—waterhoilhsteam,

air, etc. The force-closure applied to them must bo such a5 con-
tinually presses their moleculesitogerherh In order, however, that

tension allbthe
cfe A Fapy o T SR
mation must be pressed together with the same force. This is
done by thelhelp offatenth forces —tiat is, byhen:lmmgltlmhﬂmd

insteam- orhwater-pipesi(Fig 125 )h mdmlhebyluulzu of pumps,or

of steam-or blowing-engines (Figh128),and so on. It hanlly nceds

to belpointed aut howlextremely important mpumpn-uu organs

of thikind playlinthe consrut on ofmac
but

t describal, s
been formed of m,,y-n from sorne ofthehtension-organs, by
insuitably

hthem' as pi gans. The
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lat-liuk chain of the Neustadt cranes (Fig. 129) is enclosed in
& tube,so that it can bepressedforward; thethin b
steel has been wadecapablomf resistingpressureantitsfreeendsby
bedding itdne hollow cylinder (Fig 130),its particlesthien acting
like the stones of an wch. Wire-repe has also been used v a
somewiuteimilarevay.

s .

painsg ou account, however, of theiremolecular moveability,they
wustbealassedavitheshehigherpaira

the
consideration of forcu-closure bas led us, weesee thatetheyeare
closely related. They both have the peculiarity that'theycan be

cular kind or direction, tho teusien-organ .mx, =il tonion e
sgunenly begushed

e

(Fig. 128)be moved bywithdrawing the fluid from be

pair aro closed on one side only; they are mone. netio, s
i ich weeshall

also, T i
fixednese in all except a single or a small pumber of i

for both, we may use the word fectional, it T
tevsion- and p

flectionulelements.
Thetwosetsofeorgans standoppesedetoeach other as positive
E 0% 3 .

their closing forces. The pipe filled with water, Figel27, stands
124 i
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forward by a fluid pressure on one side, Fig. 128, corresponds to
the drum in Fig. 126. The application of a column of water for
transmitting pressure, which has lately been made in mining
operations, furnishes again the opposite of a rope used in tension.
Thus the tension- and pressure-organs are contra-positive. They
must therefore be equally reckoned among kinematic elements.
Willis” exclusion of all meshanisms of which fluid organs form a
part, to which we alluded in the Introduction, was therefore
incorrect. If belts, pulleys and so on, are to be considered as
forming portions of “ pure mechanism,” it is logically impossible
to omit water- and wind-mills, or steam-engines, We have only
to think of the importance of the latter to be astonished that one
of the most valuable and most extensively applied of machines, one
possessing also the greatest delicacy and accuracy in its motion,
should ever have been considered unkinematic,—incapable of
scientific kinematic treatment,—* impure.” We shall on the other
hand be able to see further with what scientific force and with
what important consequences kinematic science can be brought
to bear upon these machines. Although Willis' view of the matter
is not acknowledged as a principle, its incorrectness has not been
specially pointed out; practically it has had the result that this
class of machinery has scarcely ever been treated kinematically by
English writers, and by others only seldom, and even then generally
not with the requisite thoroughness.

$ 12,
Springs.

While in the tension- and pressure-organs we have had elements
in which the application of force could occur only in a certain very
simple manner, there is in machinery another class of elements
which can be arranged so as to be used with any possible application
of force. These elements are springs. They are familiar in many
forms and for many purposes; always, however, under the con-
dition which we found to be necessary in the case of the flectional
elements,—with the limitation, that is, that in each special case
a single force-application only can be used. The varipus con-
structions of springs may be classified according to the nature of
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thisdorce, soethat we can distinguish thew 18 syriugs for tension,
thrust, dend ingeor éorsion.  Bending- @nd torsion-spriogseareamost
often of metal, but alsomame times of wood ; forthe thrus!
(less often) the tension-gprings india-rubler and other organic
‘materials are nuch used

Theease with which the moste variouseforms ecan be given to
springs @ernits them often to have a furm which,onsid erod
whole, is adapted for working wder @ forae-application quite
difleren t from that for which the cross-section of the material from

which they areamd eeveuld ecem to adaptethem. Thehelical spei ng
(Kig 131) for sance is dosed, when used as a whole, by a force
i the direction of ity axis—in other worls, is employed as a
tension-organ; as regards s cross section itis suted for working

in wutact in its nonwal position
it can be wsed as & whole s a
pressumrorzan; for  this pur-
pose, however, it mnst be endosed
ina suitable case to @reventelater
dellection. A springwhich isitself [
adapted fur tension can be,
used as a whol

. md i
le s a torsicn or wrenchingespring in heewell-
known form shown & Hg. 132

th simple aud conpound, working under a \m.dmg

one of @ pauliar kind (Sirebe-feder)-—tle stee Ting used between
the tread andeiyreof dhe wheel in the proposed * spring:w heels”
of MreAdams.+
spr'mgnlveeuery wellsuted fir s pplying the forceclosure of
e, 574 B p. 55
5 B T B, b 9, 10, e
.
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iucomplete pairs of elements and are much used for that purpose,
as inlthelease of spring-packed pistons, spring pawls for ratchet-
wheels, etc; they play also a nust importent part in the suing of
Gty

skin,
orgns, thos dhof_ hardmaterialseem morelike thelrigidielements.

ey P ‘wide limitsslastich They diffressentially
elements, however, notwithstanding the apparent

o sl e SR B 1 g igs
it istintentionallylmadevery considerable.

B
Closureof a Pair of Elements by a Kinematic Chain.

Anlincompletebpa.irofelements may also behclosedby kinematic
linkage. Twolbodies a lnndith(Fig 133) haviogfor theirlazoids

two  spurwheels furnished
with accurately fitting teeth,
—havelly theirhprofilelfonns
thelnecessarylrestrainthinithe
direction ofthetangent? 7 ;
thelteethlmay alsobbolsolmade
that the wheels cannot be
moved nearer together; there
s required only restraint
against divergenth motionhin
thehdirection ¥ N of thenor-
mals. Thiscan betsupplied by oneof themethodsiconsidered inka
formerarticle. Tt us take the fithmethod (§ 35), in which parallels

(point-)pathiofthelrentre ofbonelof the wheels ahde culaririugjund
as apanalleltolthe otherlventrehitself aheircle, these givingus the

profile slown inl¥ighi34, an annularigrooveiforthewheel a, and
cylindric pin moving in it for the Wheel 5—and bythese the
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WALE SN b
necessary restraiet bothagainstconvergent end d ivergen tanotionis
obtained. If we suppose futler,ethatemeanseam provided efor
preventing lateralemo foneve la ve before us aelosed pair

T'his method of clsure & not practica be in the casese onmonly
occuring; pasi bly ite seems lere somewhat far-fetched ; weshall

see presently, however, that it is in 1o way without precedent. Tn
prctice we use rather an easily arranged Kinernaticdinkagebetwea
aandb. I, fur instance, we attach both to a and tod (canaxially
with their axoids @ pich surfaces), solicl cylind ers, enclose these

in open eylinders, and conuectethe latter by a eigid bar (Fig. 135),

the restraint in the direction A"V of the pormals B perfect (we may

hete, asalsoin tle hstaase, allow the points of the teethto be

auite free, as they areno longerrey ured for restraint). Instead of

a closed kinematic pair, wehave wow @ closed kinematic chain
x2
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Thetwo wheels aandi, ial eylin-
dric pins, form two of these linksly the third is the war c, with
its two parallel cylindric boles, which form the bearings for the
axles ofHhehvheeld

Thehchain-chosure by which thehgiven incompletehpair has
here been closed, or made intoha congrained pair, is used con-
stantly not only for cylindricwheels but also forhbevel-wheelsh
hyperbol ddal-wheels facrew-wheels et

Very freqiently it is emplgred merely in order to simphify a
constriction,—the element necessaty for the puir-closure being
b T e R e
chanisia_shown in two forms in Figs 136 and 137h falexample,
consists infeachlease oflthelthree following linkeda o serew with
consialieylindric jodrnals, b a hmthprofiled extemally as a prism

pam]lel th theaxis ofithe screw, ¢ a guiding pram for the nit,
carrying bearings for theljournals ofthelserewh IniFig136keach of
theltbreelpairsiisicompletely closedin Fig. 137 the dosire ki
pairlh,
ety given by the Link ¢,which is of a suitable form i
that purpose; n donveniently arranged chain-closureh thathis,
oocurs Hbesidesitheincom phetdy apphiedipair-closure.
-l gurealso oceursalongwithHforce-closure. The canm @
ratehet workI(Fig H38)Hurnishcs anhexampeof ithis. The mdi
the working end o the pawh ishere force-closed in moving
Sl Mol B s S R
closed, place in cireular arcs aboutthe axis ofiehewheel
This masbneis vk iy single-acting onhy, or mono-
kinetic, a property already pointed out iu connectionlwithFig. 1261
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The éhyd raulicepress g ves usean instrustive esample of a eme
clinbm combiningehain-and fixce-chsuree In Fig. 1ii9the punp
vaVes are omitted fir the sike of clearness. The vesel d carries
Tia chate slmate hetwee e pistony s and 5, wih which i
prismatically® puired. At the same time it emcloss the Auidec,
which is fire-closed by the pressures upm the twopistas in
the only direction of moticn left passible toet. The hydraulic
Jress forms the catra-positiveeof & machine upparencly most
wilike it, the pulkey-tackle, the pressure-organ water in the one
being replaced by the tension-orgen rope m the other. If we
sutatitute rigid rounted brs at. the etop andebottom of the tackle
for the ususlqulleys as b Fig 140 the logcal correspmdence

Fio. 180 Fiodto
between these two mechanisms hecomes e venemorob vious The
chain o, dnd eed, has dhree links ouly,dont, this is merely decause.
the tension-organ doesenot need accoufiningevessel Tie motia
of the piece f as o whole, is still fove-closed by the load.
I we used @ eprism pairétocompel b toemove in a etraight line in
referencetoa, the simiarity would be stll more eomplete. 1
2 bow manyillustrationseccur in modern engine erig

ment for riuging bells by air-fresswe, 00w becoming extensively

* Euch

sliding pai
tarming i prvesed by e e mes

gt ion of theackactache abautely

over which s tend

caled & Raleor ey
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used,oisoobviouslyothe contra-positive of the old bell-rope; the
(single-acting) “water-rodsd’ used in mincs, of the iron tension-
ds,—and partly also the hydraulic crane of the rope o chain
e,
‘Theowater-wheel (Fig. 141) gives usa further illustration ofoa
force-closedacchaniom.  Thewnclosuro of the water i theahan-
nelow
of latent forcesdn the channel walls mndahen furtherctothe r.me
of gravity, which prevents the water moving upwards. In o
bent portion ofothe chanuel the water is paired both with s
floats,—virtuall i it

channel; the wheel itself, on

the other hamd, s again puir-

closedwith thechannel through

its shaft andl bearings. The

kinematic chein has threc

liuks,—the wheel a,owith its

= shaft, the water 3, and the

ot o 4k R

ings. The paixing of the flec-

Fe bt uo...l element b with a is

fected by the chain; the

force-closure Pmdw,s ® Cocu nme the envelopment (here

it dthe confine-

‘ment of the latter i 2 chansiel, which we must look uponas
aovesseloonly partiallycclosed.

by cases in
place, or at leastas rondore pmmle, by chain-closure iostead of
™ m

the weight above them,are sl s s il against et
ing a ki i this.

tagee, fors an cloment at once flectional and elastic it admits of

arrangement, however, there is often a certain indeterminateness of
‘motion; the possibility occurs ofa surt of overbalancing of thedorce-
closure.
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§u
Complete Kinematic Closure of the Flectional
Elements.
We have seen that the i ctionalelements TE seseive, by means
il

of paicclosure and force-closure, importent
Sheh

and in

Wehfound

e Lt pi mum..z extent

e ofh igh 124hwe

roquired the abs«lu(ehpvcvenuon of every force net. acting as &

orh the
is necessary than that

EIET GRG0 G i e O

urtherlswe can makeheveoli hisunnecessary ; welzan, that is, admit

'.helliemen‘llplemems\lnmcrvedlymin S i §1)
‘machinallsystemsh

Theremoval offthelforce-closurelisheffe cted byltlieuse dsuitably

fbelt pul-
leys(Fig 142) gives us a faniliarexample ofthis. Here we havetwo
cylindriclpulleys,ja andefi tedwith conaxial shafts, and connected
by a bar orlfrme d which carries the bearings for the latter; the
belt b elonging to a is made in onelpiscehwithithat ofk,—the’two
fomning the common endless bandb. Ly this means we obtain &
Kinematiclchain inlwhichuhelfe ctionallflement no longer requires
externalhforce-closure. Wehmighthregard it as a combination of
twolthains, each offthelform ofBighl25, theirclosure acting con-
tinucusly infopposite directions.

The chain-closure here is twofoldh Tn thefirst place, ashas been
mentioned, it makes the force-closure of the flectional element b



= KURRILATITS GF MACHINER

nnmesesary by abaiuting o i 40wkl of the et oren i
the frame d
mg,tlveaecuring of whichbyforee chosire we discussed in § 40. The
publeys behgicylindric it heaxoiddihereare onthe onelhandthe sur-
faces of thehelts continuallyrunning offand on, and onkhe otherthe
peripheral surfaces of the pulleys. These surfiaces are brought so
t they
cannot slideuponleach other. The chain obtainedhins fourHinks
the two pulleysa and ¢ with their shafts}thebandd,landthefrime
e e s ¢

of
the one pulley is accompanied by a
corresponding motion of the other:
the chain can also be inverted, that
s, any ono of ita linksmay bo fixed,
assuming, of course, that no lateral
disturbing force bo allowed to act
upon the belt iteelf
The kinematic chain shown in Fig.
143 may be considered the contra-
positive of this mechanism. The
twohpistonsha ande, fitting tightly
into alconnectinghvesselhtmrehmade
th formhslidinghpairs * withhit, and
are kinenmtically linked bymea ns of
fluid columms band ¢enclosed
in If the piston o be moved to the lefth the descending
column of water b causes thehpiston ¢ tohmovehto thelright hjust
a8 muchwater is movedup one cohumnas moves down the other.
Ifteare be taken tohfillh thelwessel dhperfectly, all airhbeinghre-
moved from thehwater,}the acti @ ofithe mechanismlis complete,
and the chain is as perfectly closed as if it consisted of rigid
elements on:Jl Herr Anderssohn has shown this cunvmﬂngly in
as longins 30001

Fio. 140,

wator-rods, 88 139+ Every smalh iston
nenmmpanted 9 Ahehmmspundmghmmmn nflth:hn!her This
ofthe familiar

ote .18,
+ Zeitchrtols V- desticher ngeseures Yol exii 1860)pei02
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CHAIN CLOSURE OF SPRINGA. 185

endless band, is now coming into more extended use as a double-
acting water-rod.

Springs also, like tension- and pressure-organs, can be completely
constrained and used in mechanisms by means
of chain-closure. The common clock-spring,
Fig. 144, illustrates this. The spring « is con-
nected at one end with the cylinder ¢, and at
the other with the barrel 8 which is paired
with ¢, and connected to the -clock-work.
It thus forms a link in a closed kinematic
chain, and this is one of its special uses in

machinery, where in some cases a constrained motion of special
exactness becomes of great importance.

Fic. 144.
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