CHAPTER VIIL

KINEMATIC ANALYRSIS.

§ 63.
The Problems of Kinematic Analysis.

Tue analysis of a kinematic arrangement as such consistsin sepa-
rating it into those parts which may be regarded kinematically
as elements, and in determining the manner in which these are
combined into pairs and kinematic chains. All constructive details
are left out of the question. The notation which we have formed
gives us the means of representing the results of the analysis
in a form which can be easily surveyed, and which distinctly
expresses the law of their connection. We shall now undertake
a series of such investigations; partly in order to show how the
method of analysis is applied, but principally in order to deter-
mine clearly the nature of certain important subdivisions of Ma-
chine-science. Our work will show us that hitherto there has been
an entire want of definiteness about many fundamental ideas,
with which nevertheless it has been thought easy to operate.
We shall have to rectifly many common notions; indeed we
shall find necessary the destruction, erat least total transformation,
ol some propositions apparently universal. ~As compensation
for this, however, we shall be able to place on a really scieutilic
hasis other conceptions of even greater meaning and weight,
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§ 64.
The “Mechanical Powers” or “Simple Machines.”

The mechanical arrangements which go by the name of
“ mechanical powers” or “simple machines” are familiar to allL
Since the time of Galileo, or before it, they have been described
in the majority of text-books as those arrangements to which,
to a greater or less extent, all machines can be traced back,—
of which, in other words, they may all be regarded as compounded.
As to the how and the whether, however, there has not been
complete agreement; and it is specially noticeable, and at first
sight astonishing, that the higher Mechanics has more and more
separated itself from any connection with these arrangements.
For if they have really the meaning put upon them,—and
the contrary, in spite of the sceptics, is nowhere shown,—they
should here only acquire a higher value. The highest science
could not then venture to overlook them,—however homely or
trifling they might appear to be,—while in point of fact the
notion seems to be gaining ground that while the “simple
machines” are good enough for elementary mechanics, they are
worthless for the higher part of the science.

If we look more closely into the euestion, and compare one
text-book with another, we discover everywhere a doubtfulness
as to the real significance of the ideas of which they yet retain
the outward form.** Even as to the number of “ mechanical powers”
there is no unanimity. Some speak of six—Lever, Inclined Plane,
Wedge, Pulley, Wheel and Axle, Screw ;—while others would
include unconditionally the “funicular machine”* as a seventh.
The definition of the “simple machine” fares even worse—no two
books can agree upon one. The most virious places also are
given to them in the treatment of the subject. Sometimes they
stand at the beginning, sometimes in the middle, sonietimes at
the end, somctimes taken in different chapters; sometimes they
are treated of without being called by their traditional names,
as if with the suspicion that if they were acknowledged nothinyg

* A cord smpended from both ends, and having weights attached to it at different

points. 1 have not noticed this among the meshanical powers in English works, but

here generally the ‘“toothed wheel” takes its place— net tomentxon the “‘ compound
wheel and axle,” &c., accasionally met with,
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could be done with them. In short, such a comparison shows
that there is no coirnmon idea rcally underlying the matter, for the
differences are more than supcrticial; it rather leads to doubt
as to whether the “simple machines” have any right whatever
to their name.

And yet there is sonething specially cliaracteristic in these
arrangements,—at least in some of them, as, e¢g., the lever and
the inclined plane,—~which have so entirely passed from a special
department into common language and ideas. There is something
homely and familiar about them, they excite, I might almost
say, a sentimental interest. Does this merely result rrom recol-
lections of youthful mechanical study, or is it a breath from the
childhood of science itself playing upon us? Or has this
sympathy, to which even the most abstract theorist would pro-
bably have to acknowledge in his quiet mowments, really no deepet

Fig. 192,

ground ? Kinematic analysis must give us a distinct answer to
these questions; it must show us whether we have really to give
up these old heirlooms of mechanics, and if so it must enable
us to remove them altogether, or whether there is not some-
thing really indestructible in them. Let us procced with the
examination.

The Lever—A straight bar or knee-shaped body supported
upon a fixed angular bearing, about which it can turn, (Fig. 192);
two forcés act on the bar on the one or the other side of the
support ; their equilibrium is to be studied. The problem has
been stated thus sincc the time of Archimedes. In most cases
the description is not exact. It is assumed, but not distinctly
stated, that the support is so arranged that only plane motions
can occur; 1t remains unsaid that in cases where the direction
of the forces is such as to move the lever from the support, this
dves not occur, in other words that it is prevented by suitable
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restraint, We have here certainly an incomple teness in the

defects we have the bodics, lever, and support so arranged that
e T s 2 ST e DO

Totate relatively to the other This, however, is nothing else
S arcungement of the turning pair K% R, or (sec § 57)
CLC~, and will be called, according ns one or the other eleuients
L i

e siherrie

o the pincile of the e i sy th canditons of ey
librium of the forces in a turaing pair. The pair is usually
sl i an R o] Wl oo il
as in Fig 199, for which the formula stands: = €.
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The Inclined Plane—A surface oblique to theplane of the
e T O throughont a
Jane section, and tending Ly its weight to slide downwards
(Fig 1685 the magnitude of o Tores necesmry o prevent this
fing i sndied, Hefo scel the demfpiontTapees o 195
Ttis, as a rule, loft unexpressed that the body canonly

slide parallel to the greatest slope of the plane—that is, the
necessary bodily restraiut in ofher directions is imagined,—and
means are also imagied to exist by which it is prevented from
leaving the plane. In otlier words, it is tacitly assumed that the
sliding body with the one Lelow it are paired for rectilinear
wmotion, and the pair wnder the supposed conditions is simply a
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aliding-pair, written, acconling as ono or the other cloment be
ed.
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complete principle of the inclined plane ” givestheteonds

tionsoftequilibrium of thetforced in atslidingfpair. Thecommon

T T O e i e
d pait, which woulde writent 2P+,

7
Thie Wedge—This anangement is commonly represented o &
very primitive form, and one almost etirely wantiug in the strict-
ness of wachinal motion, ramely, s a means fa splitting & piece
wood, Vig. 195. Tn this very rural-looking apparatas the ratio
of the driving effart 4o the lateral resistances against the sides of
thewedge isinvestiyated. If we complete the description—which

a5 0 ruleisso entiraly wanting in definiteness—suffcently to make
it applicable to a machinal system, we may sy shortly. that the
two  sides of the wedge are ingined to Le prismatically paired
witlsurfucestaguiastwhich theywork —and further thatthe latter
(the alvea of tho tree stem), having, o5 they are separaied, re-
atively a rectilinear motion, are alsotimagined to be paired intho
sneway. Thowhole sty mechmisn formed of s -
linked prism chain (Fig. 196), of which the formuls, takiug the
inksin thetordore, b, would be
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The “principle of the wedge,” if it be expressed in a sufficiently
general form, gives the conditions of equilibrium of the forces in
this chain. The traditional representation stands for a combina-
tion of bodies, force-closed throughout, which only roughly ap-
proximates to the combination really intended.

The Pulley—A disc turning about a fixed pin, and havinga
grooved periphery over which rests a rope stretched at bath ends
(Fig. 197) ; the equilibrium of the forces acting at the ends of the
rope and upon the pin is studied. The pulley takes a remarkable
position among the simple machines. In the first place, we have
here not two but three bodies used in combination. As a rule
no mention is made of the assumption that the bLearings of the
pulley are supposed to be such as to prevent cross motions. Then
again 1t is remarkable that while here a force-closed element, the
rope, 13 employed, there is very insufficient recognition of its
characteristic property of one-sided resistance. If the bracket for
the pulley-spindle be considered as fixed, the kinematic formula

for the chain is as follows :—
-

_ _ -
CL0-. | BN T o

J

a mechanism of three links covering very indefinite notions,
which approximate to maehinal strictness only in consequence of
force-closure.

The mechanism is commonly known as the fixed pulley, but
under the head “ pulley ” another arrangement, the loose pulley
(Fig. 198}, is usually treated. Here the pulley frame is movable
and loaded, and one end of the rope fixed, as in the formula.

o+ L
Z=¢- 1. R+ T.. 7
J N

This expression differs from the former only in the link which is
fixed. The old mechanicians have busied themselves with the

inversion of a kinematic chain! In the loose pulley also force-
closure is applied to the fullest extent.
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The Wiheel and Axle—Two dnuns of different diameters
fixed to gether andhaving a o wwon shaftfeach having one end of
a mpe whichistloaded att theother fixed to
fixed bearings, or at least is imgmed to do @, for the bearings are
o ften eno ugh omitted in the drawing (Fig 199); the equilibrium
of the forces is studiel. Again the problem is wanting
clearness, and s ouly solvedby the employment of a number of
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abstract assumptio ns, forthie most at not. expressed.  Suypo sing
theaxletbearings fixedtthe chainrins
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ATl the indefiniteness which we saw existing in the assumptions
in the fo rmor cases exists also hero. Tndeed they are increased by
the helical windingo ffand on of the cerds, which o cwurs, ©o, s

1ot over Ly the supposition of infinitely thin @
Very commen. The sense of the pecessity fur eliminating these
@ mplicated mthn3 o the o has lod many to omit italtogether,
replacing it
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of the drums. This, however, makes the problem simply o re-
petition of that of the lever, which was not its original meaning.

The Serew.—A screw placed vertically working in a fixed nut
and loaded by a weight (Fig. 200); the force which has to be
applied, normal to a radius and at some point not in the axis of the
serew, in order to belance the load, is determined, We recognise
at once-the twisting-pair, written either

The * principle of the screw” is o very limited, indeed incom-
plete, case of the equilibrium of forces in a twisting-pair.
The Funicular Machine.—This, lustly, is a problem which,—
o TR
removed from

ey
closure and the indefiniteness of its
‘motions, that it obviously has no
right to o place among “simple
‘machines” and we need not there-
fore consider it here*

A @ whole, the result at which

pear harmoniously related, a crude
mixture of Kinematic problems—
elosed and unclosed pairs,and chains
mistaken for pairs, arrengements
mostly force-closed—aiong them
the tension-organ with all its difficulties of treatment,—and in
addition an experiment in the inversion of & mechanism. We have
been compelled to recognise, o0, hat iu their usual treatment there
is an extraondinary inexactness in stating the problems, which can
handly tend to give the beginner clear idens, The explanation of

Fio. 200,

e e e
powes” s ally the meshanisn, (CFC%) < which is show

e s it s 3 (040 e ki e
whichis trated not us & inple machine Lut 4 a moro or less diflcult case of
“aggregate motion.”
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all this may be found in the general mode of development of
machinal ideas which we have already studied, and under which
we have seen the early machines to have grown up gradually from
forceclosed combinations of fixed and moving bodies. In the
history of machine-development the simple machines formed the
first experiment at a scientific arrangement of existing material ;
the same train of ideas which governed its phenomena as a whole
repeated itself upon a smnaller scale in the early attempts at the
scientific explanation of what had been empirically determined.

Beyond this, we may ask further wbether, when the necessary
strictness of conception and definition has been obtained, the
“ mechanical powers” do really constitute the elementary parts of
all machines ? The answer must be most distinctly negative.

Three of the simple machines indeed, stripped of their con-
ventional disguise, are no other than the three lower pairs (&), ()
and (S),—and another the higher pair 2,7°; but all the other
higher pairs are wanting, while there is no representative of the
pressure-organs, not to speak of the springs. With steam-engines and
pumps—the triumphs of pressure organs—before us, how 1is it
possible to assert that the traditional simple machines have formed
the foundation for all others ? It seems scarcely conceivable that
this should ever have been said. It has been so far modified as to
be replaced by the statement that all the static problems of
machinery were contained in the simple machines, and that it was
this that gave them their importance and formed the real connec-
tion between them. This also, however, is incorrect. The
“ principle of the leveré’ does not teach the relations among forces
in the higher cylinder-pairs—for that purpose we have to go back to
the infinitely small instantaneous motions-—norin the hyperboloidic
pair. There are many dynamic problems in machinery of which
the simple machines teach us nothing. In themselves they teach
nothing of couples, and they leave entirely without notice the
application of fluid-organs as elements in machinery, although they
recognise their contra-positives the tension-organs. In short, the
assertion th at all machines can be traced back to those which have re-
ceived the name of “simpleé’ is justified from no ‘point of view
whatever.

We can now well understand the increasing fear of recognising
the simple machines, in spite- of their historical position, which
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appears in modern text-booksg and we see also the reason of the
neglectful treatment they have received from the higher mechanics,
but our investigations have shown us something which helps to
explain the attachment to these old and well preserved problems.
This no doubt rests chiefly upon the fact that three of them, the
lever, inclined-plane and screw, represent pairs of elements,—
perhaps also upon the existence in another, the pulley, of a timid
step towards a free and exhaustive treatment of a kinematic
chain.

It was therefore in the first place an indistinct feeling that the
motions of a machine were founded upon those of pairs of bodies,
which led to the *simple machines.” In point of fact they
have, as it were, felt the way in this direction. 1t is this that has
allowed the lever, inclined-plane and screw—to which we arrived
by a priori reasoniug as the three lower pairs (§15)—to take such
deep root. The faint trace of the law of the kinematic chain
which appears in the two forms of pulley is both interesting and
striking—enly to this extent do the venerable problems seem
justified. I think, however, that our examination of them has
shown that this whole department of elementary Mechanics,
whether treated by itself or as a part of Physics,—in text-books
or orally,—absolutely requires a very searching revision.

§ 65.
The Quadric {Cylindric) Crank Chain (CY),

The kinematic chain which consists of four links connected
by parallel cylinder pairs, and which has already repeatedly
engaged our attention, is one of the most important chains occur-
ring in practical machine-construction, and we shall now proceed to
its analysis. Its complete treatment belongs to applied and not to
theoretic Kinematics; our purpose here is not its exhaustive
treatment, but simply the examination of the various forms in
which it is applied as a mechanism. We shall find that they have
very great variety.

Wee may look first at the train already described in § 62 and
shown in ¥ig. 201,—where the four links are so proportioned that,
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dlingixed, @ can revolve while ¢ swings about its axis. For
this wemust alwaysthavethetcoditio ns
atbtezd atd+e2b
atbb—c<i atb—esh
and a the smellest of the four links; the lettershere standing for
thelengths of thelinksbetuwcenthefcentres of the pi
The parallelism of the cylinder pairs makes all the centroids
planetgures, and allthe axoids cylinders. Tn itst upplied far s
the link a is ulways kno wn as a crank, and from this we may call
the chain a cylindrie crank-quadrilateral, or, more concisely, a

«uadric (eylindric) crank. The mechanisms obtained
Iy fixing one or other of the links will then be called quadic
(eylindric) erank mechaniams orttrains. Thedesignation cy lindric
requires to be retained, as we shall presently beoo met acquainted
with camk mechanisms of another kind The mechunisws
ccurring are four in mumber, Utir contracted formule being
(0." (CO% 10D*, (C)* Wemay takethemtlr ifly in order.

e meshanion (G7)% o lare st il this mechanin

faunil Tinks posse

withit. Tts
S O L o L it
% s, hie will enable 2 asko our descriptions Srer
and nore exact. We shall call
2 thet sk + G v
bt wepler o
The characteristic of themechanism (Fig. 201)is that it has botha
crank and a lever e raoving links, the one turning while
* 1 propose to ok Wetween ks that can tum completely rousd. thie
o ko G e i A e g
apetivly. Tlonot think thiawil kel to anyconfisios, ey
mplite e comenctue o thetreine,os wil o eh furt
5k v s couple ameatof the o coBhn o M Igee ndme 01
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themther swings ; from this LAY call it a lever-and-
ank train, or simply a lev

The mechanism (U’.’]'f itaveats placethe cluin on b, that s,
release theframe d
obtai

4 T
become the ceupler, and thecoupler b the fre. The
iffers from the former only in the
relativelengths of the couplor and frame. There is thereforenno
Aifference in kind between the two mechanisms, and we have
(© Y= (U

The mechanism (C7)% 1f the link « he made the fame,
¥ig. 203, we obtain the entirely different mechanism, one whi
we have previously examined in § 9. The links 5 and  rotate
abeutthe axes 2 and 1,—that is, they become cranks,—c, on the
other lnd, becomes th The mechanism is known in
practice a3 a draglink coupling, wemhallcall itthenlouble-crank.
Theeranks move with vas

varying angular velocity ratio in a way
Which we were able to represent conveniently by the aid of re-
duced centroids in Fig

‘The wnechanism (C)° - In this list arrangement the links b
and d swing to right and left about their axes 3 and & ¢ has
become the frame,and a the coupler. In the pasition 4 1'2
shown in dotted lines, b has completed its swing to the right; as it
returnshowever, d cun movemomewhat further to the right and
thenwill swing in thensame direction until at 17 it reaches the
lefudimitof itstravel.  As it returns b in its turn woves farther
tothe leftand thenrretutns as d diclbefere:—t 1 2 3 shows an
intermediate position with the links crossed. We may call this
mechanism,—which is frequentlymsed in the purallel motions of
‘machinery, but then not to the linits of its motion,—the double
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lever. Thisowilldadicate itsavlationoto el G0
which the arms b and o turn instead of s

=
Hereowe have exhausted the methods of placing the chain
(C2), and have found that three out of the four mechanisms

o 20t
* Pl st s ” Bl ol e e Ovilaing doste sk *
for (03 awd (67) ¢ respetivly. Dy using the words craak and Jver, 1 1 Bave

kiR b L o Bty
Aetmite,
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balong to different dlasses. The three different Kinds of motion
abtained are, a8 o kuow, simply those elative motions in the
cliain which wo lave made abuolute, or more siictly speaking
absolute. for us;" by fixing one or other of the links (s00 § 3
The wmost. frequently used of the four mechanisms is (0,'=(C'D"s
or putting the two forula: together, (0.

Parallel Cranks.

1 by

inthefchain (CY)we alter the meohuisms to be obtainedfrom
t, and_thereflore the resulting motions,—for by extendingt the
ngle o onnlition wa ctatonvent vt evgiag nttrolaion
andtvice vorsd.  We shall consider the most important special
cams which arise bore. I the original P

<o, if the difference between them be reduced wntil
and i at the same time b be made
a parallelogram, as Fig. 203. Thelever ¢ becomes equal
3o, an (4 belaghee it moves sl wagesinonghs Lt angio

Thet contractea symbol for the. chain, the Tain
alvays parallel, is (O%(C3). 1t s unnecessaryto
itself suffcient to exclude the crossing which,
far a8 the construe tion of the chainitself is ¢oncerned, s possi
(§47). The sign of equalty, on the other hand, would not be
:nmcuml by itself, for the cquality of pairs might be @ = b taud
= d, which woud allow &< or > ¢, and wonld therefore b
St L1 oncl coud - i wgnit may TR
meir b Faee el
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on d, as inoFigo205,0i
rnso( €3 Itfallsinto the same cluss whetherdt beplaced
ondore ora; sn thatoall the four mechanismsowith which the
lies us are similar.  We shall call them Parallel

chain fo
Cranks.

v i itionseol 3 4 and
1 274 Sotheochain isonotoconstruinedly closed. 1fdhenoitois
to be used so thatthe points 2 and 2" can be passed some
chonare maust b seromged. W htve founl (5 40) dhat thin conld
bedoneby theoadditionofnothersimilar chain in the twoavays,

findameans forandicating these nmurdkinematic ot
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We have here chain-closure. It may therefore be indicated, as
inentioned in § 57, by placing the sign % as a divisor below
the original formula, so that both chains could be written

1A "
(. i;cq"‘)' But the addition to the & of the sign of equality, and
the inclosure of both in brackets will allow us to make distinct
that the closing chain is equal to the one closed. The formula

C" IC" . .
would then be —(J-hj_—?), or in words: a pair of parallel cranks

closed by another pair of parallel cranks. e may, however,
choose a still more convenient way of indicating the combination
of two chains which are both equal and reciprocally closing,
namely, by adding the factor 2 to the formula for the single
chain: 2 (07} || CY)).

There is, lastly, another doubtful point to make clear,—the
difference between the two arrangements of Figs. 206 and 207.
In the first case the cranks of the closing chain are rigidly con-
nected into links with those of the other ;—in the second, one of
the cranks of the closing chain appears to be identical with
one of those of the primary chain, the other being separately
constructed but connected by a coupler also with the second
primary crank. If however we compare the two chains more
carefully, and in their most abstract forms,—so as to see distinetly
what is actually before us,—we find that the twwo chains (not the
mechanisms) are identical. The ternary links aa’ and ¢ of
the chain Fig 208 correspond to the ternary links e @’ and ¢ ¢ of
Fig. 207,—and the binary links &, b and & of the first to those
similarly lettered in the second. If then, as the figures indicate,
the chains be made into mechanisms by placing them upon dd’
and «a’ respectively, the second is nething more than an inversion
of the first, so that the difference between the two will be
indicated in the general formule, 2 (C% || C3)* for Fig. 206, and
2 (C} ] C%)r for Fig. 207. They are both formed from the same
five-linked chain, and they are examples of the only two classes
of mechanisms into which this chain can be formed.
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§67
Antiparallel Cranks.

By meaus of pirclosure we can, astwe lave aleady seen
in§47,
aud this can be 5o constraiued as to retain its sy:cm.\ property.
in every position. Figs. 208 and 209 represent the t wo forms of
tis clain, pair-closed, which we have already considered.  We
may call the mechanians to be forned from it anti-parallel

erank traine Two diffsrent results can bo obtaised by the
erenttmodes of placing the chain, one if ittbe placed o d or 3,
the other if @ or ¢ be thefixed link. If @ be fixed, as is supposed
in both the figures, the two crankst turn in opposite directions,
e o4 il o 1 o6 T (S 0
mechanism the nawe of reverse cranks (§ 41 135 1,
o wever, thechain be placed on  (Kig 210), so thatte becomes
the coupler aud the former coupler and frame both hecome
cranks, then & and d both revolvetcontiwously
direction, or we may say conversely. Tn the fist case the auti-
parallelogram  gives us reverse anti-panllel cranks, in the
second converse anti-parallelt cranks. 1t should be noticed
that the nature of the relative rotations is the same iu both
cases. This arises from thet equality, — through the anti-
parallclism, of the angles 123 and 143 Wemay therefore use
a pair of congruent cllipses as reduced centroids (§ ) fort the




REVERRK 4K} CONTER
hyperbole (§ 47), the fom of which necessarily makes it soie-
what diffalt to realise the motio ns they e present.

The contracted formula for these meulmnumx must, in the first
ant p'\mllrhsm clear,

place, make their characteristic.property of
—we therefore put its symbol between those of the

L then Lo written (€ Z €5 The
o5 o (CIZC

pairs. The chain, unfixed,
reveme anpanille eks will o (07
of which formulae we need use only oe,—let it be e
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unless we wish to combine the two expressions in (C;=C7)*
The converse anti-parallel cranks will be (C3=C7%)", if in the
same way we omit the exponent ¢ as superfluous, or (€';Z C;)*
if we wish to express the fact that the chain placed either on a
or on ¢ gives the same mechanism.

The pair-closure has still to be indicated. This will only be
necessary if the action of the mechanism extends over the dead
points. If the clogure exists, and if it be arranged as in Fig. 208,

"— (\d "
the formula will run (—C%—Cg) ; 1f as in Fig. 209, (€32 Coy’ -
(p) awe fm b.d

where the existence of the pair-closure is denoted by p (see end of
§ 57), while the brackets and the addition of the symbols for the
paired links sufficiently indicate the rest. It will frequently,
however, be unnecessary specially to indicate the pair-closure,
for the maintenance of the anti-parallelism,—the assumption, that
is, of the continued validity of the sign £ ,—presupposes it. The
anti.parallel cranks have here and there been used, but without
being recogniseds Diibs’s locomotive coupling is an instance, and
here the ellipses actually serve as profiles for the buffiers.®

§ 68.
The Isosceles Crank-train.

We obtain a special case of the chain (C’) which has very great
theoretical interest if we make a = d, b6 — ¢, and, as before, a <e.
We have already described (§ 47) the pair-closure in a mechanism
formed from this chain. Figs. 211 and 212 represent the

mechanisin first without, and then with, the pair-closure. A
diagonal joining the points 2 and 4 of the quadrilateral divides
it always into two isosceles triangles, for which reason we shall
call the train Isosceles. The writing of the chain is easy after
the foregoing; the formula must be,—using the symbol forisosceles
given in § 47 (C"éC ). If the higher pairing of Fig. 212 have
(Ca O
(p) ac
parallel cranks, the higher pairing may here be arranged between

to be expressed this becomes As with the anti-

* Diibs and Copestake’s patent coupling was illustrated and described in Engi-
nesring, vol. xi. p. 318.
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or the pair.closure may

@ and b instead of Letween a ande
te

gives us nomewaresults,

r_—

The chain gives us two kinds of meshanisms, one by placing
it ou & or a, the other by placiug it on ¢ or b

T 2

The mechanism of Fig 211, whicl: is placed on d, has the
formula (€}<Cf)%. The motion ofoc is remarkableofor itnow
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gular velocityesyualntohalf that of a, 15 we have already seen
2§47 By fixing ¢ (orb) we obtain the mechanism shown in
Fig, 213, for which the formula (including the expression far the
puir-closue) s 4‘“ ‘L“J’

Tts motion is no Tess chamcksristio
e ot WS [ (e i
to that of the lever-crank (C{) Thelink d has become the
crank, and a the complor: A hawever swings about its axis 3

S B g B
o 2 from 4, when the former is in either of the positions 2 or 2",
el o 5a. The points 2 aud 2 therefors are narly fous
cranks engte agati vl in tho mechasis (C3)tle et 2 B
through a distance nly
o we omuk lengtha, Vo shallfurther on harencccasion
return to tlis interestingease.

§ 69
The Cylindric Slider-crank Chain (Cf).

Continuing ourrexamination of the chain (€) let us now some-
what alter its form. We can substitute for the lever ca small
sector of an annular cylinder,and inclose t!
(Fig. 214) rigidly connected with the eye at 1. If thencentre
ofitheslot and of thensector ¢ be placed at a distance from 1
B e
tle mme relative motions as it would bad had it been
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connected to the levere. We may therefore allow it to take the

place of the latter:—we shall fiud farther on that kinematically

xh: twot are identical. The new
ugnithta,

rrangement may be written,

02.0% il 4z 4

LI Chmy e s e s

ormula s (¢.4). This shows even

more Lllguucuy S s s e s e BES0

proportioned that ¢ slides lackwards and forwards in its curved
path ; for otherwise thetpairA*.4~ wouldbe insufficient.

We cantnow,withoutf ngtany constractivet

ulties,

wuke the mdivs of A of any required magmtude; the only
alterstion will be that the slot and the slider become fatter
thanhefore. Let us therefore make this radiustinflnite. With
this the distance of the centre 4 from the point 1, that is the
length of the linkd, must also become T
the links ¢ and d, or tho distances 34 and 14, we mnde infuite
simultancoasly ; 20 that

Our last formula will then require alteration, for the are 4
becomes a prism P, andthet pair 4.4 is replaced by the prisru-
pairPtP-, It follows from the equality of ¢ and d tha theline
in which 3 moves relatively to d passes through the point 1, and
is perpendicular to both the axes 3 and 1. The new chain, there-
fore, which is shown in the following figure, and whichis already
known tous, mustbetwritten

R IRNGECE k.. 02 0+ ..o Lo PO B SRS
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or moretshortly,

... (C) @)= 150

B e ey e nnpmuuutlmm
R RN o L o

aro s n (0. .y call it shartly the cy. Tndeie

* slidercrank cham—or simply the slider chain.

We have now te exawine the four mechanisms corre-

sponding s fur positons.

The wechauism (C3P+). If we place the chain on

4, as in Fig. 216, the link c stides Lackwards aud

fonvards as the orank wtates, and we have before s

one of the most fuiliar ef mechasisms, oue which

appears constantly in dire

pumps, aud in slotting aul so many other m

The link ¢ we shall call the bloc

the slide, when we haveoscasionto name them. The

whole mechanism we may cill a turuing slide -

[+ crank, en awcount of the characteristic retation of a.

In its applications to the stear-engine the block ¢

becomes the an.;u« link,so that the gencral formul a
3P4yt gives us the special formula(C'P

thetothertapplicationsaf it S Foiasio Livtoalc s Ak

. (©) -

Fio 215

driver, —theirspecial formula is therefore (CP4)*. Tho complex
i o the conple ok be Gxsunly delbriinaibyENGHSoIAS

lut these we must here leave wexamined, merely noticing that,
lheyneuymmmmnl Py

T
e IS et Fia P by e

u Prof, Reolosux's models fr th (4P mechaciaras be uses the standwith.
Foie g L SR
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prmme =

tums abut 2, which was formerly the crank-pint, the block ¢
oscilates about thet point3, andtcauses thet siidet o turn about
the ssmepointin aditiun to following thet motion of the crank.
Weshall call thetmechanism a swinging-block (slider-zank)
1t will be remembered that we can Teverse any of thelowerpairs
(§16) without alteringt their relativet motions; by choasingt the
arrangementtof slide andtblocktshown in Fig. 218, thereforetywe
do not alterthetmeehanism. In this form it is exceedingly well
Jenwa, although nott 8o coustuntly employed as (CPLY. A

familiar illustrationtis_thetoscillatingtengin, of whicht Fig. 218
attonce remindstus. Heretheslidetd, in thet shape oftthe piston,
isthetdriving liuk,the specialtformula being therefore (€7 P4)F
There have been varions attempts to elucidate the connection
between the mech anisms of the oscillating and the cornmon direct-
actingtde an.

somet process of alteringtthe relativet dimensionstof theirt parts

1t has been said, for fustance, that the former issimplythetdircct-
actingt engine with the length of itst connectingtrod reduced to
zero, and atthetsame time, in orderthattmotion may be possible,
with its cylinder made so that it cant oscillate abont an axis.
There is here obviously something more than a mere alterstion
of dimensions, and the whole process remsins indistinct  We see
now b0+ eatirely different and at the sun time bow completely
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clear the connection botween the two is ;—that the wholo matter

Ties simply in the inversion of the kinematic chain which forms
theo basisoof bothoequally.o Onotheodifferenceobetweenothe two
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steam-engines themselves we shall have more to say further
on (§ 80). :

The mechanism (C3 P+ in the form (C7 P4 has found
another application in shaping and slotting machines, In this

the peculiar motion of the link ¢—swinging un-uniformly while
the cmnk rotates uniforuly,—is made use of The crank a is
the dri evolution through 1’ it imparls to
i & i i it during the
semi-rovolution through 1”, By connecting the Tink ¢ with the
older of a cutting tool, as Fig. 219, we can therefore obtain n
slow (mean) forward motion of the tool while cutting, and
quick (mean) xeburn. Mechanisms of this kind are known as

“aquik retur” mosions.Tho_mochaniem (7324 s known
and familiar to the engineer in thisand ofher ways.

W

The meclanism (¢ 2. By placing the chain ott we obtain
 third mechanism, I'g. 220, ‘Thelink & which was the @ upler
now revo lves abouttheaxis 2,—it bas,thatis, bewme & crank;
the crank a beco mes the frame. The slide d, driven by the btk
| deE R R R s i
uniformly, is un-uniform, the latter imparting to it at 3 a
minimm and at & a maximom vulnn\l On account of this
B party Whiwort and othes have e i n the o (C7PL%
as a yuick ro the mechanism'is an
1 dwwas long agoused to of thewmoon
lativcly to the earth, W slall al it the turning:lock
(i

m ol (C4P+) The fourth and last mcdmmlm is

i e T elinkn,Fig 221 The

now swings about the fixed axis 3 —the slide d moves

roctlinearly ta audtf i the Bl om0 bocowme b Gt —
* Goodrs, Elementsof ik, . 5.
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« becomes i
We shlleallthe mechanism,on accountof the swinging of the liuk
%, 45 winging slider-crank. Thismechanismis ittle kno wn, but
does liere and thoro fod applications  Amoog ahrs there
the apparatus sketched in Fig. 223, which is used in disc-polishing
machines in order to give the polishing wheel 2 to-and-fro motion
axiallyalong withits rotation. The train is set in motion by the
link a (by weans of the worm), and its special formula is there-
(o (o e T i € L P F e 1
of this mechanism in the sarue form, aud I shallfcome further
on to another very notableone.

Ouranalysis bas shownthat four mechanisms can be obtained
from thetchain (Cf =), of which thettirst is extremely funiliar,
the i k howe

has remaineduntilino weompletelyunseen. At the same timetwe
see that, we have exhausted the chain which is before usi— we
oot b wors e ot st purcryfbef ormadoct
of it. If we now put these together and ct them once
L0 o gl B e Ly W i el
T O T A

e formule at length, one above the other, so tht they
e endyrmmpzrld We then have

(= G T 0 o ) -
P = ot

(CiPAy = O+ ol

Az

1 e secollctthat fhoe formulss are sspreploms wich rebura

MR e R e s
* Cul gt vl 1868, P 4.




IDENTITY OFoSLIDER-CRANE TRAINS. Ll

either end, we sce that the second and third mechanisms have
absolutely the samo formula. Both are placed upon & link of

*having for its ndjacent links ono like itsell and
L it e two last being again counccted
bya Lo The diferenco between the mechaniem
whlch as we have scen, is very great, lies solely in the ratio
betwoen the lengths of the links a and . The names we
Tave chosen for the mechanisms,—swinging and turaivg block

1 expression botl to

and (e difference between them

ettt ks ccuntol ol slsficzecn ol i)
he fourth mechenioms.  The <ed fnk fs i cach asse Co L.
sy i F T R tllemlhrr o link
AT e T T T
c., §-C." Here also the dfference between the mechanisms
depends upon the relative lengthis e e agai
employed names which indicate that relationship in calling them
turningandawingingeslider cranks

the 1o adjacent links of the form C...L...J, dbeoblockoand the
slide, are represented by exactly the same sym bols,—that betwea
them, thaefore, there is absolutely no kinema tic difference.
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However extraordinary this may seem at first, it is perfectly true,
and requires moreover to be well remembered by anyone who
wishes readily to understand existing mechanisms ;—it is sufficient
to cite Fig. 219 as an illustration of this. The chains which are re-
presented in the four figures 223 to 226 are kinematically absolutely
identical throughout. The external differences which appear in
each case are merely due to that reversal of lower pairs which
we emphasised so strongly,—it can now be seen with how good
reason,—in an earlier chapter (§ 16).

§ 70.
The Isosceles Slider-crank Chain.

We have seen that the differcnce between the two meclhanisms
(C; PL) and (C;P'L) is simply dne to our having taken b > a;
the difference between (C;P-L)? and (C;P-1)° is due entirely to
the same cause. We niwust therefore obtain an intermediate fortn
for each pair of cases if we make a = b ;—the chain thus obtained
is the one already described in § 47 and shown in Fig. 227. The
links « and b are here made equal; the links ¢ and d are also
equal, for they are the two infinite links which always form part
of the chain (C;P+). The equal links are adjacent in each case,
so that the general conditions of the chain are the same as in the
1sosceles crank train of I¥ig. 211; the chain before us is simnply a
special case of the former, and we shall therefore give it a similar
name, calling it an isosceles slider-crank chain.

We have already considered its centroids in § 47. They are two
pairs of Cardanic circles, the smaller being the centroids for the

links @ and &, the larger those for ¢ and d. The peripheral ratio
which appears here is a general property of the isosceles quadric
crank chain,—we found it before where the centroids had unlike
and complex forms, and we find it here also in the limiting case,
which 1s one, as we see, of peculiar siwplicity.

The four mechanisms of the slider-crank here become two only,
of which the first is shown in Fig. 227. @mitting the symbols for
the higher pairing, its formula will be (C; « € PL)i=c. The
same Iechanism is obtained whether the chain be placed on ¢ or d,
which is indicated by their equality in the exponent. We shall
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call —

an isosceles turning slider-crank,

Ifthe chain be placed on @ or b wetcbtain the second of its
possible mech anisms, for which the formula runs (€ & C” PLp=
Tt is represented in Fig. 223, The crunk @ has become the frame,
the coupler b the crauk.  Theblocke transuitsthetrotation of the
latter tothe slide d, or vicezersd.  We shall callthetmechanisman
isosceles turning block.

The links b and d beth rotate, they revolve in thesame direction,
andlave the constant angulartvelocityratio 2:1; the motion is
exactly what it would be if b and @ were two spur wheels having
internal contact andhavingthe ratio 1 2 between the wumbers of
their testh. In fact the toothed gearing shown in Fig. 229,—in
which thesmaller wheel a has two. teeth with cylindrical profiles
(pin-teeth)—is very similar tothetmechanism b:'uzvlu although
it hes onelinkless. The four-toothed wheel b corresponds to the
uming tided. T sinlusiy beowmas Jos agpevon i womaks
the numbersof tee tht3 aud 6,as in Kig. 230, and dissppearstalmost.

othor forms of teeth be umslt The real relation
the mechanisms is however very obvious: they have identical
Centroids. The whole matter gives us an interesting illustration

* Here, s fn formar cuses, tho words  sldercuank ” cun be sddd to e
T, should e mearyodo s 1 (Bt 4wl eyaciiom b
reguin
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of the solution of one and the same kinematic problem by quite
different mechanisms.

hemotion of the block ¢ (Fig. 228) is also reruarkable.
centroid relatively to o is a greatnCardanicncirele,described abony
thecentre 5, andthenwallercentroidnvithywhich thisrolls mustbe

imagined to be fixed to a, and to have 2 forits centre. Tt therefore
coincides with the cireular centroid of the linkb. The motion of
 can thus be realised by remeraberingithat its centroid rollsabout
the fixed smaller centroid of & The point-puths of the block are
thereforemllrperi-trochoids

g
‘Expansion of Elements in the Slider-crank Chain.

ek o Kiien sl it ot sl ni e
diameter of 1 x pairs in the eranks mechunisms. Wo
e dimensions of the elements do ot
affect Hheir uotions, o long as the centroids remain unaltored. To
will be well, however, to give them some special consideration here,
fur thess extennal alterations soumetimnes so conceal the real neture
of the mechanism a¢ £ canse much indistinctness in its odinary
Kinematie troatment, - Tn considering this subject wo shall con-
fine ourselves in the first place to the changes of the relative
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dimensions of e thiee cylinder pairs in the chain (C30%)
Theextensontof our resuls to other cases will then be quite easy

Ench of the four links of e slider-crank dain (C3P%) Fig.
231 is more or less closclyconnected with itet threecylinder pairs
1,2, and 3, and their foms ave therefore dependent upon the

relativetsizes of the latter, although, as wehavetsnil, the natureof
theirt mo oot is nottaffectedt by thet samet cavse  Evidently, for
instnos, wedo motikertCheclahn Kinsontiallyif we give o the
fulltc for pin 1, on whichtthe cranka revolves, atdiametertso
large Hatthe profleot thetpin 2 falswiynit.  Suchanenarge.
meut, we shall call it an expansion,* of thetpin is showntin Fig.

2324 The open cylinder of & 1ust now obyieusly be enlarged to
exactly the same extents so that the pair may still be closed. This
amangement, which may bet shortly described as 3 1"
o6curs i practice in sometsloiting and sheatingt machines, and in

aiher cases when a short crunk ferms one piece with its own
sha+

jo

10 b S s e s
A o froperphgira iy
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I we expand thepin 2 instead of 1, andnmake it largenenongh
to iuclude 1 withinits profile, wembtainthe form of chain shown
in Fig. 233, placed on d and driven by a, we have the
mechaism (€3 P in the form which is to fumiliar to us as an

eccentric and rod. It can be seen at oncethatit differsonlyin
its constructive form from the common slider-crank. This expan-
sion is also used in practice placed on a, 50 as to give us the turn-
ing blockmlider-crank (€ P-).  Fig. 234shows a form in which

Mr. Whitworth* has thus applied it, where—b being the driving
link—its special formula becomes (C;PL)} ; it ie here used asa
quick-return motion, and has already been described and named by
Redtenbacher:t The driving rod and parts conected with it do

; Sl Porshep dopines . 25
+ Die Beceguge. Mechasiomen (Bssscrma



WHITIFORTH'S QUICK RETCLN MUTION.

notaconcern usdhere,moraloes theaspur-wheel. Tnotliebody ofathe
latt

whicharearepresented byothewpencylinder 2 anclthepin 3. The
latter fits into and carries the block ¢, which in its tum moves in
theopen prim ofiheslidsd.

11 ha pina bl dgrorspamial i clades o3, we
el thiarraomam A e ndhis case we have
made, as
pair 2 which belongs to the crankoa as an open figure. The

coupler |, bocomescanoeccentric dise whichswings about the full
eylinder 3 of the blocker, while it remains always in contact with

thempenalisee? of thearankor
Instead of placing 3 within 2 wemay allow 2 toofullwithin3,
as in Fig. 236. Theaoupler b iscgain an eccentric disc; but it
now oscillates in o rin part of the blockor, whilo the
crank pin drives it by internal contact. The reader whose eye
is not et accustomed to detect the abstract form of such me-
i inddtheis i whom
therefore theyamayhemomewhatodificult toounderstand, will find

x2
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the dottod centre Tines which we have shown to be of cousiderable
assistanco

We Lave thus considered four methos of pin-espausiou in the
shider-crank cliaio, obtained by placiu g
2 within 1 (Fig.
1within2 (F

20 3 within 2
32) 2




R
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Wehavetherefore exhaustedthe praticabile combinations of the
pins 1, 2, aud 3 in pairs. Wemay, Lewever, gofurther, and make
ene of the pins include two others. 1 can Le placed in 2, for in-
stance, at, the same timetlt 2 is Jying in 3, 50 that we can place
1 within 2 within
o e

These two armangements are shown in Figs. 237 and 238; both
Leing ylwed on the frame @ both are tuming. slider-cranks,
(e3P

render may perhops think that his iden of pinexpansion,
canried 5o far beyond pnchul limits, can have but little import-
anoe in Applied Kinematics, This, howeven s not the cas, a6 e
shall now proceed to show.
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Turning again to the fourth method of expansion, 2 within 3, a
closer examination of it shows us that the link ¢ may be made with
a concentric cylindrical projection, which can be fitted into a cor-
responding opening or eye 1in the link &, Fig. 239. Suppose the
mechanism placed on ¢ as before. The coupler 4 has now become
a ring of rectangular cross-section which makes oscillatory motions
in the annular groove of the block ¢. 'We have in no way altered
the mechanism by this, for so long as we keep the pair 3 as a
closed turning pair we can alter its profile at will. This con-
dition allows us to go still further. Let us suppose the crank a to
be the driver, the mechanism having for its special formula ('3 P-L)g‘,
we then have simply the rectilinear reciprocation of the block ¢
to consider. The coupler b, as it is moved to the right, drives ¢
both at 4 and at D, and as it is moved to the left both at B and at
C, we may certainly replace this double contact in each direction
by a single one; and this can be done in several ways. We shall
attain the object very conveniently if we substitute a sector of the
ring b for the whole of 1t, choosing the sector so as to 1uclude the
pin 2, as is shown by the dotted lines. This can then drive the
block to the right through A, and to the left through B, the motion
of the coupler itself being always an oscillation inthe annular ring
of ¢. Of the latter we require to use no more than a piece large
enough to afford room on each side of the centre line for the swing
of the sector .

Fig. 240 represents the arrangement altered in this way. It must
not be forgotten that & is still the coupler as it was before, and
that its motion as a link in the chain remains quite unaltered and
completely constrained. Kinematically it consists of just the
sante parts as before, as does also the link ¢. The form of the link
bisstill, C...|| ... C,one of the cylinders being the eye enclosing
the crank pin 2, while the other works, with sufficient restraint,
in the portion of an open c¢ylinder belonging to ¢, relatively to
which it has exactly its former motion. If we wish to write the
links b and ¢ In a manner corresponding to their constructive formn
we 1must use the symbol for sector, 4, instead of that for the com-
plete cylinders in the pair 2, and we thus have:

b ¢
e — ...

C- ..l ... 48 4- ... L ... P
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This shows us that a pair of the form (£ 0~ or G=C+ moving
only in oscillations of small angle, may be replaced by a pair of
theferm A4~ or 4ZA4* sohatinnuchcases
©)=(4)

Wehave already (§ 09) had occasion to employ this substita-
tion of the pair sector and curved slot, (A), for a eylinder pair.
Tt can now be seen thatwe were fullyjustified in doing so, that
the change did not in any way alter the nature of the chain.

y
tice; pinexpansiou,thatistonay,occurstherevery frequently.
mechanism of Fig. 240 is both known and used, although
not ithertobeenrzonsideredidentical with the turping slder-crank.
It basbeen shiowa * thattherblockwliendriven bythe crank moves

exactly in themame waythatit woull wove were it connectedwith
the latter by weans of & conneoting rod having a length equal to
the radius of the shot. It has et been noticed, boweves, that the
Tittle sector b really is itself this conuecting rod of conpler. The
small space whichritoceupiesmakesthisttorm of mechanism very
conyeniont in somencasea+ We are very familiar withits employ-
mentin reversing gear,both in links of thercommon form, and in
Gl link, nd othens Theso mechanismsnare compounoasd
mmm,. e thatwe ha

lacentent of () byr(4)meeurs in them in vatious forms,
i a oo T oashoompare § 16

* Seeor Intanceintin Ctnemation p L
+ T Tiuvo added in & uote, b 920, & somewht loteresing example of the
i form f Capbio o w2y o e & el sl
4P o ting whic tis semetiae very convenient
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The wechiam shown in the followiug figure, which oceurs
sometimes in with
tion of pin-expansion. The whole formsta turving slider cmnk
1.mugmeummnl. (€3P4)2. The link 3, the coupler, is forme
y as it was in thetlastease, butthere l|mlpruﬁles:\=mnst
10T o sttt o et T YRR UN
profile beingoftlarge, and thelowerof very small radius, but both
forming yurt of the block . The block ¢ is in this casetso closed
by the biulerdthatthefprofilesrepre-

erankt chaint so proportionedt thatt 2
liest within 3 audt 3 within 4, an
illustration of the way in which the
‘methodtof expansion can be applicd
also to the fourth pair. To show
how, conversely, we may place 4
within 3 we may take the chaiu
shown in Fig. 242 Tlere the pin 3
of the link ¢ is made so large that
the open prism of the pair4can be
formed within it. Upon 3 therenow oscillutes the open cyliuder
of the coupler 3, which, howerer, must be cutavay at the sides so
a5 to allow it to clear he frame . The ex tent to which this

entting away wust take plice can be found, as the figure shows,
by drawing @ in the two positions in wwhich it encloses the
greatest angles with 2. These occurwhen o and @ are at right
angles. We shall have to anatisstorapegpiowiens of Uiy foa
of expansiontfurtherton
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In general the expansion of elements occasions, as we have scen,
extraordinary alterations in the furm of a mechanism, alterations
which on the one hand tend very much to conceal its original and
real nature, and on the other hand frequently offer great constructive
advantages. This is true also for other mechanisms besides these
we have been considering. Many familiar arrangements appear in
a new and unexpected light if we replace slots and sectors by the
complete cylindric forms, C ... || ... €, which they represent} others
again, by the reversed process, can be put iuto a form which allows
of their use in practice where otherwise this would le impossible.*

§ 72.

The Normal Double Slider-Crank Chain, (C),PL).

We have already, in § 68, considered the limiting case of the
substitution of the pair (A4) for a swinging (C') pair, in taking the
lever ¢ of infinite length. If we apply the method there used to
the coupler & of the slider-crank chain, which appears already in
Fig. 240 as a sector working in a slot, we can make it also infinite.
The slot of the block ¢ will then be straight and at right angles to
the line 1, 3, the coupler becomes a prismatic slide with a cylinder
normal to it, as Fig. 243 shows. If we write the new chain in full,
Leginning with the crank «, we have :

t b c

d
29 N Y =

e

-

(+ ... 0x0- ... | ...

The block ¢ has become a pair of prismis at right angles to
each other, one of them (as in Fig. 243) or both (as in
Fig. 248) being open, or in the form of slots. We shall call it a
cross-block, or in particular a normal cross-block, and the
whole chain (as it now contains tiwo sliding-pairs) a normal
double slider-chain. The crank « remains as before, the coupler,
however, has assumed the form C ... 1. ... P.

* In the Constructeur 1 have for a long time made use of the method of
expansion of elements, but I have not there been able to analyse it causally,
fer this, as we have seen, is a matter which requires a soiuewhat lengthy investiga-

tion. I do not wonder therefore that it has remained greatly misunderstood, and
has been sometimes pronounced unimportant, and even superfluons.—R.



WIEEMATIS

WATTINEET,
Toputthe formulaintothe contracted shape we bave to notice
thatthechain consists of twoparallel cylinder-pairs and tworpairs

of prisms mormal to each other; we must therofore write 1t
(©iFy).

s " . i 5
which can be formed from the chain before us, we may begin, as
ingit upon d- i

intherhaindiayingnaiely a livk C... | .. € on oneside of it,

o it
andaliok P ... L ... P on the othern thenechanisms (€
and (C4P5) arerthereforeridentical. In Fig. 243, d is Y
fixedlink. ~ Following the analogy ofourffurmernomenclaturerye
T L
turning double slider, for we obtain it by thenaddition of a
mu..dal.mmmnmnmummgan.m cankk. The train(C'5 PL)Y,
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“which is formed frum the swinging block,we may call a swinging
cross-block. Themotionproducedisveryaimple. Thecentroidsof
@ and care Cardanic circles, the smaller (for €) having a diameter
e
with a radius Fig. 243, The priuary centroids for b and
4 are infinite, and must b replaced by secondaries, which are
hereomitied; el T b descrilus
todtself.
et A it el Sty Foni
ication b thealri pumps
in the furm (€ P55 It is often of value also from the fact that
€ the crank revolve i
foruly, it iwparts to the
st i i
‘monie mutio
"Tho mochanism (0574}
1t theo chaino beoplacedoon
a, the links b aud & move
about fixedoaxes 2 and 1
The eross-blockruvolves,its
centroiderollingalwaysupon
hat of a, as is shown in
o241, Weahallwallitm
turning cross-block* The liaks & andod are kinematically
i different; their

arecalways thecame.
Theredhave been many pucutul Sl R
well known Oldham'’s coupling (Fig 245) gives us one inter-

esting illustration.  The object B Yt i o
tuunicatiouef a uniform rotation between twocparallel shafts, i
special formula is therefore (CZ7%)ior (C3P,%. The bed-plate of

thelink ¢, thewross-block P....L...P; the tocshafts anddheircon-
nectedaliscsaare the links b and d. To meketho constructionof
the_couplingoclearer,othe threeolast-namedolinl:sare shownsepa-
ratelydn Fig 246. The special propertyafthetrain (¢} 24 which
isautilized in Ollham'socouplingdsathe wsiforinityefothe totation

* Compo

tarming Wiock ” for (€11 . 250,
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ofhelinks band & 1t was applied inau originalmauner in Mr
Winan's * Cigarboat”

%0

The “elliptie chuck” shown i n Fig 247—which so fur as we
aow ves invested by Leoaslo & Vinch, sodums. carlanly
* PractcalSichunis e vl 55, (18861, .



http:hw�,appliedinauorigin.al

ELLIPTIC CHUCK. 3i7

investigated by him—is a very remarkable application of the
mechanism before us. Use is here made of the fact that all points
connected with the smaller centroid, that is in this case all points
connected with the fixed link «, describe ellipsesP relatively to
the piece to which the larger Cardanic circle belongs. In the
apparatus itself the cross is formed upon the back of the disc c.
In oneof its two slots it encloses the full prism 3, which is attached
to the lathe-spindle. The headstock a forms the cylinder pair 2
along with the spindle . The cylinder of the pair 1 which belongs
to a is attached to the headstock by screws ; it is made annular, so
that the spindle & passes through it, in other words, it 18 expanded
sufficiently to allow 2 to lie within 1. The piece d is made as a
ring :—its inner surface forms the hollow cylinder paired with a,
while it carries outside the full prism of the pair 4 (divided into
two) which works in the second slot of the cross ¢. The describing
point or tool P forms a part of the fixed link or frame a. The ellipses
which are described relatively to the disc by the point of P, have—
if 7 lie beyond a—a difference between their semi-axes equal to
the length a ; if P lie between 1 and 2, a is equal to the sumn of the
semi-axes. The enlargement of the pin 1 allows the miagnitude of
e (that is the distance 1, 2) to be varied within certain limits, and
this, together with alteratiens in the position of P, allows very
great variety in the ellipses produced by this apparatus. The link

b being the driving link, the complete formula is (C% Pf)y. The
mechanism might also be so arrenged that d, which is kinema.tically
equal to», became the driving Jink. (Compare § 76). It must be
remembered that the point-paths of the disc clare thosc determined
by the larger Cardanic circlesand .are therefore peri-trochoids, in-
cluding the particular case of eardioids. The path of the centre M
of the disc ¢ is the smaller centroid, through which it passes twice
for each revolution of 3 ord,

The mechanism (C; P). We have now left only the train ob-
tained by placing the chain on ¢. This may be called the swinging
double slider-crank, or shortly swinging double slider; it is
the mechamismlfamiliarlto us as the “ trammelll used by draughts-

* Labouleye-(Cinématigue, 1861, p. 863) attempts to show that the curves de-
scribed in this-apParatus are not ellipses, wnt he is mistaken, I shall afterwards
(§ 76) come to ithe:form of the mechanisin given by him, which ditfers somewhat
from the one represented above.— X,
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‘men, or in thetelumsier forn: of Fig.248 employed for drawing on
plaster;® and 50 on. Tts special formula is (C4P2%  The connoo-
tion botsveen this mechanism and tho last— s
version of a_chain—

cavered by Clasles, a8 1 ave
already mentioned in a noteto
Lie missed, however, the

ng it.

s we
TR R 3

achinery. Its real nature,
o i e A Ve e e
O ot gt TR Glucus
with other chains has hitberto remained unrecognises

L]
The CrossedtSlider-crank Chain, (C; )

Thovery considernble mumber of brms in which we have mow
ecen thequadsict crankehain byno means exhausts it,for in the
slider-crank ¢ hn (C'3P%) and those derived from it it is always
possihle to make a difference in length between the infinitcly
long links. By using different points in our mechanismtas starting
poins ,as it were, fort thet infiniteflengths, we cantnaket betuveen
these a finite diffcrence of any desired magnitude. We sball

16 in the crankchain (C7), Fig. 249, we make th
Fnitelylong, and therefore at the samettime maket d infinite, but
arranget hem 30 that cbelonger than d.f we ohtainthe chain shown
in ]-\wx gk W T o G
thepin 3 no longer passes throngh 1, but at adistance fromit equal
o o il e bt a0 & o 3hall o e

£ the Tinks a1 %0 srsngedthat it
distance ¢ would Yo
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‘mechanisms crossed slider-cranks, and their uncontracted for-
mula

€% eil..C20. .. C¥eea L. PEP...4...C=  (Fig 260)
“w
c*. o2 ot PP L O2 (Fig. 261)

-C2C-..
O e symbols for normal we havehere,
iyt in d, the symbal for normally crossed, or
crossedat right angles

mitsneontracted shape thenformulamyill ran (C3PY). The
chaingTikcthe more smplo 006 (O3 P, gives e fourmechaniome
cemesponding toits fourpositions on d, e A
for them the same names as before, prefixing the word crossed in
cachicase. We haventhusnthe crossed turning slider-crank,
(3o crowwed swinging blosk (C1P/Fandaoce THe
s occuring innéhese chainsnare moroncomplexnthanninrehe




- NINEILATION OF SACTINERT.

former cases, thetlinks being n0 longer symmotrical ; necessarily,
o wever, they ave ey clo sl relatedita them. Thei applicatons
are far less @mmon Sehwietzkoprs adjus ting spauner, Fig.
is a very original esample o foneo f thew. It is a self-uotiug
universal spanncr. To produce the requiredt pressure ou the
imovble cheek ¢,the mechanism of the erossed turning slider-crank
is nsedinthe form(C;P+)% The link a, a portion of which serves
48 a handle is thet crank, turning alout the pin 1 carried by the
framed. At 2 it is connected by a p in wi th the coupler b, which
Jpins the bo ck ¢ at the cylinder-pair 3, and woves it iu tho diree-
tonCD 4 is thetprism-pair betweentthe links ¢ and d. 1 the
Dandle be presscd in the direction of the arrow, the mechanisin
vips the unttbetween the cheeks of ¢ aud ,and Lokls it the mere

firmly the banderta be pressed. The nut anl the spanner thus
becomet vistually ore picce, and the atou of the handle @ is
simply that of  lever attached to the nut, by wli
tightened,or by reversing the spanner,loosened, at will
the panncr is placed upon & nut, we have the mechanisin(C5 P
in action fora sho  period.”

* vt f et (P41 s e scompugig
@

o7 ek efre i by Xe Henry Doy, i voy prably by HE

558 fevesing gear reuisng one eccentric ouly  Fe the ik ¢ '3 made wil,

s plaed 2 sctor 4

identicalwithtlie coupier b, When the mechanismtis wolkiog it retain
he slot in & 17 it be fud in thepesitionchowa by the

sy [c5 P bt Uy g it g otker i,
Trmed 1 2 P e oo e by o
cbine TAL B the wale fom th coontie) orgrsy

e for tanet, 3the
% (and thevefore i the
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Th d-chai from the k chains
st of less importance than the foregoing. They are formed by
# methodnanalogousntorthatuescribedninn 69, andnwillsbe called
isosceles crossed turning slider-crank (C§< C"P1)i= and
isosceles crossed swinging block (C C"PHp=r,

1If we make b also = o however, we obtain some remarkable

special cases. The normal cross-block then becomes obligue, or to
phase which oo

o the engiocpoien. Thanescesive eiction 1nthe the amount

when
ot ring T, 1 pevned s g eingrmad of (670 fo e
Vg
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use a shorter word well known to engineers, skew, as in Tig. 253,
The chain will be written :

a b c d

s .

0ol CEC . Lo PEP- . L . PEP- .1 ... C=
The symbol for crossed disappears, and makes room for that of
oblique. If, as in former cases, we make prominent in the con-
tracted formula the characteristic symbol of relation of the links,
it will in this case be (03 £5). The links b and & are again equal

and similarly placed, so that the chain gives us, like (C; P7), three
mechanisms, namely—

The turning skew (double) slider or swinginge

f (orppy=y

skew cross-block . . . . . . . . .
The turning skew cross-block . . . . . . (CjPp)ye
The swinging skew (double) slider . . . . (C3P§)°

Besides these spectal cases, the crossed-slider chain has, lastly,
two more special forms, which we can onlyemention here. These
are the forms obtained if, instead of three only, we take all four
links of infinite length.

If we make ¢ =d = oo as before, and then make b and a also
infinite but having a finite difference, we get the chain shown in
Fig. 264, of which the following is the formula :—

a b_ ¢ d
C+...l...PrtP-...+..C*C-... L...PtP-...1...0=

Fic. 254,

We may call this a single crossed-slide chain, and write it
shortly as (C P* CPL). Allits links are dissimilarly placed,itthere-
fore gives us four mechanisms. If the lengths of ¢ and & have a
difference as well as those of ¥ and a, but the two differences are
unequal, we obtain the chain of Fig. 255, which we may call a
double crossed slide chain (€' Pt),. The links @ and ¢ are here
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similarly placed in the chain, as are also b and d, it gives us there-
fore only two mechanisms. In all these mechanisms the centroids

.~

have only infinitely distant points. The single crossed slide has
sometimes been used in machinery.

§ 74.

Recapitulation of the Cylindric Crank Trains.

The number of important mechanisms which we have formed or
derived from the chain (€”) has been so large that in order that
their mutual relations may be more clearly surveyed it will be
well to place them together in a tabular form. This has been done
in the following pages, with the addition of a small schematic out-
line of each mechanism, the fixed link being in every case shaded.
The higher pairing, where 1t occurs, is omitted.

A. Quadric Crank Chain (C)).*

1. Lever-crank . . . . . , (O7=®

2. Double-¢crank ., . . . . (C")»

* In this table I have put in brackets words which, although they form an

essential part of the name of the mechanism, might yet very often be omitted
without indistinctness in referring to it.

Y 2
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3. Double-lever .

(Ce¥

4. Parallel-cranks

5. Reverse anti—parallef cranks . (C;=Z

6. Converse anti-parallel cranks .

(Caz Gypp=

7. Isosceles double-crank

(Cy= C=s J

8. Isosceles double-lever

L Mh=
st 4,7

B. Slider-Crank Chain (CjP%L).

9. (Turning) slider-crank (C5 PLyd
10. Swinging block (slidercrank) . (C;PL)®

- 11, Turning block (slider-crank)

(Cy Py
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|
| |
12. Swinging slider-crank . . (CiP)° %W |
13. Isosceles (turning) slider-crank (Cg = C” Pl)‘zc%ﬁl |
14. Tsosceles turning block v _
Cqo=< C"PL)=b
(slider-crank) (€ )
i n
C. Normal double slider-crank chain (CjP}-).
15. Turningdoubleslider(-crank) I ¢ p1ya=p
or swinging cross-block . J (G T "
16. Turning cross-block . . . (CgP%)?
17. Swinging doubleslider(-crank) (C; P})*
D. Crossed slider-crank chain (CgPt).
| ———
| -
| 18. Crossed (turning) slider-crank.(C; Pt)d L“&M
| 19. Crossed swinging block . . (€5 Pt)® b
! 20. Crossed turning block . . (CJP*) ﬁ
| L
N 1
21

. Crossed swihging slider-crank (C" P t)° %
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E. Skew double slider-crank chain (C7P%L).

[} s —

[
22. (Turning) skew double slider,
or swinging skew cross- } (C; PL)i=b
block

23. (Turning) skew cross-block (C}PL)

24. Swinging skew double slider (C;P%)°

F. Single crossed-slide chain (CPt+ CPL)

— - |
25. to 28. Four mechanisms. %
[

&. Double crossed-slide chain (CPt),.

| 29 &30. T i = K ;5|
P . 1wWo0 mechanisms. |
_,-v‘" I

This recapitulation furnishes the best possible proof of the
necessity of our previous kinematic analysis to acquaint ourselves
even with chains apparently so simple as (C7) and those derived
from it. We also see how absolutely necessary it was to choose
definite names for those of the mechanisms found by our analysis
which occur most frequently. These names have been chosen
with care and systematically, and they can be easily remembered,
especially in connection with their fomule. The removal of
unessentials, which they greatly promote, is an enormous help
to the recognition of the real kinematic nature of the construc-
tively complex forms shich occur in actual machinery. We shall
also see immediately that we have in no way exhausted the list
of mechanisms which can be formed from the four cylinder-pairs,
notwithstanding its necessary limitations; indeed that we have
yet to examine another great family of them, quite diff'erent from

those we have been considering.



QEATRI CRANE CRALE. ®

§ 7.
The Conic Quadric Crank Chain (¢5)

T n e padiin e
parallel, but have a common point of intersection at

distanee, the chain remnins royable, and (the former e
being again fulflled) also closed. The axoids will no lowger be
eylindersbut cones, —as all the instantancous axcs bave the point
of intersectionin common,—and the motion of the linkswill be
determuined by theirconic rolling, the general nature of which we
examined in § 18 If the lengths of the links - measured as
ares of greattcircles upon a sphere drawn about the point of inter-
section (M) of the axes—fulfi] thet conditions laid down for those
of (€7) in § 65, we have a chain of such a form as is shown in
Fig 956, We may il ita conic quadric crank chain, or

fourlinkedt conic_erankt chain. sl
relation o e cplindkic sk chin, vl i

hilnt o thg sl cacior . Pcsihe pobd o axiet ke,
bt el s Tickfzan orthachalaln

a .
7 e G i C

Tt be cont acted into the verysimple form ((w)‘ in using
which we nderstand ot orly that the pairs are t0 each
other, but also that their axes have acommon polnmﬁ\nlelsectmu.
as is sho wn above in Fig. 256

Tho varions forms of the cylindricchain repeat themsolves with
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the conic one, but with certain differences in their relations. The
principal of these relates to the relative lengths of the links,
which would vary if they were measured upon spheric surfaces
of different radii,—if they were taken, that is, at different distances
from the point of intersection. The ratio, however, between the
"length of a link and its radius remains constant for all values of
the latter, and these ratios are simply the valuesin circular measure
of the angles 1 A{ 2, 2 M 3, 3 M 4, and 4 M 1, subtended by the
links. Instead of the link lengths therefore we must consider
the relative magnitudes of these angles, which we can also indicate
by the letters a, b, ¢, and 4.

The series of alterations in these lengths which we supposed
1n the former case, and which we carried on until all the links be-
came infinite, are here represented by corresponding angular changes.
The infinitely long link corresponds to an angle of 90°. For the
case where two links are infinite but have a finite difference (§ 73)
we have now one subtending a right, and the other an obtuse,
angle. As however we must always imagine the axis of the links
prolonged through and beyond the centre of the sphere, the
obtuse angle betiveen two axes gives on the other side also an
acute angle between them,—so that no real difference exists
between acute and obtuse-angled links. A similar simplification
affects the centroids and axoids. The infinitely distant points of
the centroids in the chain (C}), of which we had illustrations in
§ 8, are here represented by the points in which the common normal
to the fixed axes cuts the sphere. The axoids here are consequently
cones (circular or non-circular) upon some closed base.

Keeping these points in view we may now proceed to examine
the mechanisms formed from the conic quadric crank-chain, which
we shall do as far as possible in the same order as before. °

A. Conic quadric crank-chain (Cf) Fig. 257. All links
subtend less angles than 90.° We obtain from it, as from (C}),
eight mechanisms for its eight principal special cases or posi-
tionss to these we can give the samne names as before, only pre-
fixing the word conic in each case. Their formule, also, are
analogous to the former ones, the form-symbol for oblique replacing
that for parallel. I do not know of any applications of these
mechanisms, but it is quite possible they may exist, disguised
under dissimilar constructive forms.
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The parallel and anti-parallel cranks repeat themselves in the
conic chain along with the others. The arrangements necessary
for passing the dead-points are not, however, those examined before.
If we join two conic parallel crank-chains in a way corresponding
to Fig. 206, we obtain a mmechanism by which it might appear at
first sight that a uniform rotation could be transmitted between
shafts whose axes are neither coincident nor parallel, a problem for
which a solution has often been attempted. The formula of such
a train would be 2(C5 || C.-)3s In reality, however, this combina-
tion is an impossible one. For the chain (C%- || C%) has only four
positions—the four cardinal ones—in which its opposite links lie
parallel to each other ; in all other positions the opposite angles of
what was the parallelogram are unequal, and the rotation of the
cranks is therefore not uniform. While therefore the chain
(C%- || C&) has its own special interest, it will be seen that it is not
entirely analogous with (C; | C3). _

B. Conic slider-crank chain (CLCL), Fig. 258. The links d
and ¢ are right-angled, that is, the angle betwween the axes 1 and 4

F1c. 257. F1e. 258.

and between 4 and 3 = 90°. The comprehension of this chain
which may present at first difficulties to some of my readers, may
perhaps be made more easy by the help of Fig. 259. Here the
principle of pin-expansion is applied to the mechanism. For the
arm M 3 (which the figure shows as the projection of a quadrant
like ¢, Fig. 258), turning about an axis at M (corresponding to the
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Fie. 20,

Fie, 20,

Fie, 250, -

Fig. 269.— Conie_slider-crank
‘chain, (CEC4) compared with

cylindric chatn (0} P4).

Fig 260-2. — Normal conic
‘Gouble slider.crank chain

@en). T 202,
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rod 4, Fig 2.58) perpendicular to the plane of the paper,—we
substitute the small section 4 of a cylinder, sliding upon a corre-
sponding section d of another cylinder; ¢ is now the block, d the
frame, @ the crank and & the coupler as before. Below the conic
chain a similar cylindric chain is shown; the juxtaposition of the
two makes it very easy to realise that the latter is siinply the conic
chain with the point M removed to an infinite distance. The conic
slider-crark chain, like its cylindric ceunterpart, gives us six me-
chanisms, four principal forms and two secondary ones. We shall
give them the same names as before with the prefix conic to each.
There appears to be very little, if any, use made of them in
practice.

C. Conic (normal) double slider chain (C4+C5), Fig. 260.
Here the links , ¢ and € are right-angled, and e only acute-angled.
This chain corresponds to the one bearing the same name in the
cylindric series, and by applying the method of pin-expansion, it
can be brought into a very similar form, as in Fig. 261. The me-
chanism of Fig. 262 is essentially identical with that of the one
before it. The slide d is nothing more than a portion of a cross
section of the cylinder which in Fig. 261 appears as a round bar,
marked with the same letter. The link b subtends an angle of 90°,
and is thus identical with the sector & in Fig. 261. This chain,

like the cylindric double slider, gives us three mechanisms, which
will be called

15.* The conic (turning) double slider, (CLQLya=b
or conic swinging cross-block . '

16. The conic (turning) cross-block ... (C3-CL)*.

17. The conic swinging double-slider ... (C-C&)e.

Considerable use is made of these mechanisms in practice. One
well-known application of No. 16 is to be found in the mechanism

known as the universal or Hooke’s joint.t  Writing out the
formula (' C-)# in full we have

b ¢ a a
C+..1...CEC~... L...C=C+...1L...C+ C-... L...C=

and this formula, corresponding to the chain in Fig. 260, we have
already found (§ 58) to be that of the universal joint Fig. 263.

* The chains (C£-) and C& (L) together, as We have seen, give 14 mechanisms.
+ In Germany also as Cardano’s coupling.
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s either b or 4 may b the driving link its specal formula runs

260, although in the universal joint they commonly appear so
extremely different. We shall shartly have to examine some other
very important applications of this chain.

e, 285,

D. Crossed conic slider-crank chain (5. The cross-
ing of the eylindric slider-chain expresses itself here in the altered
length of the links, of which one ouly, in’ Fig. 264 the link d,

remains right We obtain as before four mechanisms
(m. 18 to 21), of which very few applications occur.
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B. Skew double slider-crank chain (C-04),, Fig. 265, a
and ¢ areacute, b and d right-angled. This chain corresponds both to
the cylindric skew double slider chain and to the cylindric crossed
slide chains # and & (p. 322). It gives us three mechanisms
(22 to 24), of which very occasionally we find an application
existing.

In all, therefore, this conic crank chain gives us 24 mechanisims,
dividing themselves into five different classes. The majority of
these have been hitherto unknown ; whether they are “ practicals’
ors“ unpractical” is not a question which concerns us here. Our
unerring analysis will allow us further on to obtain very important
results from them. Summing up theresults of the last ten sections
we find that the number of mechanisms formed or essentially
derived from the quadric crank chain has been 54, and that they
have occurred in 12 distinct classes.

§ 76.

Reduction of a Kinema.ti_c Chain.

If we wish to obtain the motion of any particular link in a
complete mechanism, without requiring at the same time to use the
motions of any other of its links, it is often possible to remove one
of these, its place being supplied by a suitable pairing between
the two links which 1t conliected. The number of links in
the chain can thus be diminished without affecting the particular
motion which is required, and it is evident that this may often be
very advantageous. We shall examine some examples of it.

Suppose that it be wished to obtain a reciprocating sliding motion
by means of the turning slider-crank ((;P4)* Fig. 266, and that
none of the other motions in the chain berequired, then the coupler
b may be removed if we pair the crank a to the block ¢ direct. This
can be done, for example, by attaching to @ a pin of suitable
diameter, and connecting with the blockan envelope (§ 3, Fig. 4)
for it —which will in this case take the form of a curved slot
touched by the pin upon both sides, as in Fig. 267. The pin and
its envelope form together a higher pair of elements.s The
simplest arrangement will be obtained by using the former crank
Pin, which will pair with a slot described from the centre of thes
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coupler with a radius equal to its length,—forthe slots which

Bave forms much more troublesome to deal with, such as the path

(sbowuclutzadyed thecpinte?. 11 th likeh be somored and the
i closed in this simpl lete formula,

(placedoon d),willauno—

I
We must find means (nmdiilmg\nlhmg this chain from the
formero(C3PLY":—
Gril..cto-
As itogives usonoonew motious,cbutoonlyofewer motionsothan
before,oveshallnot make a new class fovoit,butcshall treat it as a
derived form of theofour-linked chain,mbtained from it by

Gl O 2,

=CE N Wr L E] =

the removal ofconeolink, inothisocaseob  We shallocall this
removal of a link from a complete chain and its replacement by
bigherpairing a reduction of the chain Lyothatolink, andoshall
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indicate itin therzontractedformul for the new chain by witing
the latter:—
(5P

The chain so reduced has throo links;—i can therefore be
Placed in three ways nnly‘ s0 that only three mechanisms can
be formed from it, These are: (C5P4)* — b the tuming slider-
emank, (07 PLy  } the tarning block, snd (C; Py ~ b the
swinging !hdex\mnk_ All threc mechanisms occur in practice.

Insiead of removing b any other of the links may be taken
away, provided only that the particular motion required can bo
obtained without it. The two following figures show two methods

ofareducing thenchain (0 ) by omittisgathenblock ¢, they re-

PL)—c. Inthe first of them there is added
10 the coupler, conaxiallywith the formercylinder pair 3,a solid
cylinder, and this is paired with its envelope in the slider,
which is a straight slot,or negative prism. In Fig. 269, on the
other hand, the slider is made a positive prism,and paired with
its cavelope in the end of the coupler. The latter takes the form
of an X-shaped recess, which lis closely on the slider only at
the  pointanofl t pressare,—(ie., whennthe asesnofnanand
bare e
frcedom, and works therefore under force closure. The pair-
closure could be complete only if the prism d were infinitely
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trendom lef betwen & and d in all posiions but those of greatest

‘The form in which Leonando's alliptie chuck is most commonly

contracted gencral and special formule are (C
(©3Ppi b .2.3.;_ —for it is driven by the slider d, turning

are the mechanism in § 72, where b is the
driving link). a, 5 the end of the headstock, to which the
pieco , is secured by mean of adjusting screws. These two
form together the fxed link of the mechanism, the cenak 0.
This carries the beacing for the spindle 1, to which the slide d.

the Towest of the ccompanying figures.  Tiswn piusem warisep
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thiegreatly texpandod pin 2 of the fixed link @, and formt with
it—the link & which connects them inthe completetchain having

beenremoved—a ligher pair. _The expansion of an clement and

the reductiou ofta. chain are here, therefore, used together. By

the wjsing srows andisele he vl psions of o, and
z


http:tb.adj�uoti.ng

= EINEMATIES OF MATTINENT,

ay—that is the lewgals of the link 4 —om be readilyad justed at
pleasure, —the piece a, being made very open ins ide to allow of
this.On the fce of the cross-blockte there is a screw to which
thetchuck can be attached in thet usualt mauner. This apparatus
gives us an excellent illustration of the extraordinary way in
L

mtwe. It can easily be seen how this elliptic chuck,
uangln ot R ANt 2o i ik o
The way in which the very disadvantageus redncition of the
chain has perpetuatect ited { is reallytextraordinary. The higher
pair2.3 wean rapidly en account of its deficiencyin s wfhce, and
thet motiont oft thet mechaniswut becatnest thereforet inexact, The

awmangoment sho wu in Fig. 247.* in which the chain is used
vl il whieh oue oo st eyt st ey
led s, has not this dissdvantage It is also in otlcr ways
Aot i B mesrigpidi S et LTS, 8
arcangement oft the prisw pairs 3 andt4 upon thet back tof n
dise.

e e et e o ke
to one of three in the same way be possible to
Pt i B a0 i wnder uicablosirodn
stances. This can be done as well with a_chain previously
reduced as with one coutaining three links in its complete form,
asan illustration willshow. Fig. 272 shows the chain represented

ig. 268 reduced by another link, namely the crank a. For

247 tropresents thet b which ol Reslonux bas chose for {hd model
of s ochani 0. the Kinemate colection of e Eonigl. Goverse Akodems

iy B & ks ornting i) rovs (o sl e, which
“he mechanims was gsed unrodncal, was sk tudtat thy Wmes Bt
Chemuitaiem. See Raordafthe 7. Unis. B, On and Dreloay P 195



http:Muooathree-nk�:-itmus\int!,.,..we

BENUURE (AT m

thisopurpose a full cylinder on the end 2 of the coupler is paired
i | eqeeipalan G v ulopen ameie iy dengiiieg
itsocentre.  Such achain isovritten (€ PX)o-a—
I i e et T
i dat.

the turningoslider-
orm which Wi AT s
Placed

of

in twoowaysoonly. Placed upon d it giv
crank (€ PL)d—

3
theslideronly.

ne: o

Fig. 273, an arrangement which came before us at the very
Tt

can casily be seen that it is really a portion ofoa twice reduced
skew douhle-sliderochainosuch ascFig02530(CfoNo.024 page 326).
The pieceamarked aa dd is the skewarross-Llock, and b ¢ thecrank.
Ttsformuladiscthereforeo
(C3PE)-b-d.
Any point p in the crank moves, as we have frequently seen, in
au ellipse. The pairing rendered necessary by the omission of

elementsohtained byoultimateareduction from acchain s & higher
pair. i i

se is madeoof hunpmcu ofo reductionoinoother
i ﬂunonmmo“luchoweohlveolyeenocousxderxng T may just
giveone example of this. Thospur chain (Figo274) ca be
a8 gkt g et Tl D
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omittingtthe framet The complete chain has the formula (C1C5)
in its roduced form it will therefore be written (C+C5)—e.
Temust not. be supposed that the reduced chains baveactually
eentderived in thist way from the complete ones. We haveou
the contraryt (Chapter VL) seenteause to supposet that the process

of development las moved i n the opposite direction._This how-
ever necd not prevent us from tra ting the matter deductivly
when such a treatment. greatly facil iates its comprehension, and
enables us to avoidt endlesstrepeitions.  1f wo hiad to consider
each reduced chain as o sepaate form of kinematic linkage we
should ob i, through the very various formst which the higher

pakingtoanttake, an enormous nuniber of additionaltcombinations,
withiout at the same time having 'Mdcd single new motion to
those hains. T}

e i o A D g
us very greatly in simpifying its arrangement. In thetease of
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compound mechanisms it can often be very advantageously
employed, and the exact analysis of these combinations forms a
very interesting and instructive problem in applied Kinematics.*

§ 77.
Augmentation of Kinematic Chains.

The augmentation of a chain standslogically as the contra-positive
of its reduction. A chain which has been already reduced can
obviously be restored to its original completeness by such a
process. But there is no reason why the augmentation should stop
here ;—the pairing between any two pieccs may be replaced by
chaining, 7.e. by linkage, if the link introduced between them be
so arranged as not to alter their relative motions. If the chain
already possess the largest number of links which it can have
as a simple closed chain, any augmentation must be so arranged
as to make it a compound closed chain (§ 3, p. 49). In general
therefore the process leads us to such chains, which do not belong
to the part of our subject at present under consideration. We
may merely mention a few illustrations of it. The (so-called)
parallel motions are augmentations of this kind: the parallel
motions of Watt or Evans, for instance, replace a prism pair by
a kinematic chain having only turning pairs, which therefore
essentially is a crank mechanisn. A common train of wheel-
work again, which is used really as a substitute for a pair of
wheels of inconveniently large diametral ratio, may be considered
an augmentation in the same way. It will be seen from these
examples alone that a very extended use is made in practice of
this method of chain augmentation. We shall content ourselves
here with having thus stated the general nature of the principle,
and shall not go further into the matter. Its further considera-
tion forms indeed a part rather of applied than of theoretical
Kinematics.
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