CHAPTER XL s

ANALYSIS OF THE CONSTRUCTIVE ELEMENTS
OF MACHINERY.

§ 106,

The Machine as a Combination of Constructive
Elements.

HAving in the foregoing chapters considered the nature of the
mechanisms of which machines consist, we must now proceed to
examine the separate pieces by the combination of which they are
actually constructed. Although this may appear at first sight a
return to matters already investigated, it is in reality acother step
forwards vpon the road which we have already marked out for
ourselves. Forit is to a certain extent more difficult to understand -
the machine in the form in which it actually stands before us than
to comprehend the abstract representations by which, so far, we
have replaced its constructive comiplexity. It was necessary that
our general notions as to its essential nature should be made
distinct, partly indeed re-niade, before we could attempt to
systematise the complex forms of its single pieces, or distinguish
between their fundamental and accidental properties. This problem
is iIndeed by no means a simple one ; we shall not wonder, when we
have arrived at its full solution, that it has required such long and
careful preparation. It was only when chemical science had
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reached a very advanced stage that it attempted to decompose
materials supposed to be elementary; and similarly it has been
necessary that kinematic science should be cleared of many
erroneous prejudices before it could attempt to analyse the separate
pieces from which the machine is formed in the workshop, and make
their nature really intelligible.

Wherever the designing of machinery has been made a systematic
study, it has to a certain extent bcen recognised that the machine
consists of only a limited number of different parts occurring in it
over and over again, Different writers have given to these different
names, such as “ details,” “ elements,” “ simple-parts,” etc. ; I myself
have for many years called them the “constructive elements,”
(bauliche clemente) of machinery.

The constructive elements have formed the subject of many text-
books.** In these, however, it has not been proposed that this sub-
division should be taken absolutely, or indeed without very con-
siderable limitation. It 1s not assumed, as in the case of the
“simple machines,” that all machines are simply combinations of
these “elements,” but only that the latter occur with special
frequency in machine construction. Some idea of this sort has
always existed below the surface; the want of exact ideas as to
the nature of the machine has, however, prevented its clear enuncia-
tion, so that as the art of machine construction has advanced there
has been a somewhat suspicious uncertainty as to which and what
these “elements” were. Neither a very clear enumeration nor
satisfactory definitions of them have been given. Only by instinct,
as it were, their number has been more or less distinctly limited ;
or at least they have in general been treated as if some such limita-
tion did exist.

The following enumeration of constructive elements therefore
makes no pretension to absolute completeness. It is simply a list
of those parts which different writers on machine design have in-
cluded under the head of constructive elements, or some equivalent
title, and fairly represents the details supposed usually to belong
to that class. These are considered to be:—

Screws and screwed joints, Rivets and riveted joints,
Keys, cutters, gibs, and keyed Plummer blocks, bearings,
joints generally, pedestals,
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Pins,

Shatts, axles and spindles,

Couplings,

Framing, bed-plates, brackets
&e.

Belts, cords and ropes,

Chains and their connec-
tions,

Friction-wheels,

Belt pullies and gear,

Rope pullies and gear,

Toothed-wheels,

Chain-wheels,
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Fly-wheels,

Levers,

Cranks,

Connecting-rods, couplers,

C'rossheads and guides,

Click and ratchet-wheels and
gear,

Brake-wheels and gear,

Pipes and their connections,

Steam and pump cylinders,

Valves,

Pistons and stutfing boxes,

Springs.

In addition to these parts, all of which have very numerous
applications, there are others which come into use only in single
classes of machinery, spinning and weaving machines, machines for
working in metal, etc., but are still employed often enough to have
been sometimes included with those above meutioned. By a dis-
tinction which appears quite justifiable they have occasionally been
called “ special ” parts as distinct from the above * general ” ones.
Without giving any illustrations of this second class of construc-
tive elements we shall proceed to consider the first in order. We
shall endeavour first to ascertain precisely the kinematic meaning
of each, and shall afterwards see how far we can find any general
kinematic connection between the whole.

§ 107.
Screws and Screwed Joints.

In the common screw and nut, Fig. 288, we at once recognise the
twistine pair (S) or S£8~, and we can do the same in some other
applications of the screw where, as in the screw-joint, Fig. 289, the
nut and sctew are themselves parts ef the two elements to be
united.

The case of the common screw:joint, of which Fig. 290 gives a
familiar 1llustration, is, however, a different one. Here we have a
combination of feur pieces, a,b, b, and ¢, the object of the whole



SR ST -

being the rigid connection of & with c. We see at onee that the
screrw b is prevented fra tuning relativel y tothe piece b by the
prismatic form given to ita neck (cf. § 19), so that as regards rot
tion b and b, fiorw one piece. If the nut @ be turned upon the
screxs, the head of the bolt s brought up to bear upon the piece b,
This is braight about by the use of the pair (5), that is to say (as
we before expressedit, § 47), by pair-closure. Thus the re lative
turning of b and b, is prevented by suitable restraining profiles,
theirtrelacive sliding by pair-closure; the to Jarts therefore forta
Kinematically, a single piece

- =

So far as our engraving goes the piece ¢ can turn relatively to -
In the mathine itself, however, sich a motion is prevented either
by the use of & second screw [arallel to the frstjor by some other
means, and the only motion possible to ¢ Tefore the nut is screwed
down is tzanslation in the irection of tthe axistof b. In other
words ¢ is paired with & b, by means of @ priew parallel to the axs
of b; ¢ aml b, form theref ore  slding pair. In reality, therefare,
the piece bb, contains two kine mati dlements, rigidly connected,
s ke 3+ oad  pim P+ paslll (o the screm
by

R e e s i o iAo
or more correctly is paired with, c. This surface is not. necessarily
plan its general condition is that it must belongtota revolutecon-
axial with the wrew. The pair of revolutes, or turning pair, thus
£ ormed byu and c is incomplete, andthere pair-closed. ~ This, how
ever, is accidental ; esseutially the piece a consists of an clewent
8§~ having conaxial to it a revolute , the jatrer clement of which
belougs to the piece c.
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The last-named piece also consists here ol two eleinents, namely,
the above-meuntioned prism, paired with that upon 46, and this
revolute having its parallel to that of the prisu.

The result of our examination is, therefore, that this screw fasten-
ing is a kinematic chain of three links, formed from the pairs (8),
(£) and (£). Il we write 1ts formula in full, disregarding (for the
sake of siwmplicity) the incoinpleteness of (X£) and further replacing
(R) by () as we know to be possible fromn § 57, it will run as
follows :—

(t

F i

- — .

.. fﬂf:_ P+ .. O

/]
C'_ ) 1 s e jg; b’-{" teoo “ -
which we may also write, inverting the lower pairs, and noticiug
that here therc is no difference between | and |j;—

@ 0 ¢

. e T
- — —

e SES- | PEP . O

and in this we recognise a chain, Fig. 291, which wec have already
examined. We may use (S" P’ ") for its contracted formula. 1f
we consider the link b as fixed, and « as thedriving-link, the spccial
tformula of the mechanism is (8P’ ")z

In the applications of the screw-pair to cause rectilinear motion,
as in tlelathe, or to exert pressure, as in the screw-press, these three
links are very distinct, arranged in the first case as (S"£’C");, iu the
latter mostly as (82 C’);i. The form of chain shown in Fig. 291
15 also very frequently 1uet with in screwed joints, as, for example,
in the “tapped boltd’ or “ set-screwd’ of Fig. 292. We also find
various methods used in joining b and &, as, e.g., the key shown in
Fig. 293. In screwed joints, however, of whatever form, we always
tind that the pair S£S- occurs as part of the chain (8" P'C").

The action of this chain in different cases varies very much. In
the screw-press or the screw-cutting lathe, with which in certain re-
spects the screw-joint might be compared, it 1s simply used like any
other kinematic chain. Inthe screvv-fastening this is also, strictly
speaking, the case, but only within such very narrow limits as are
allowwed by the compressiwility of the pieces b and ¢, beyond these
limits it is not used kinematically. When the nachine itself is
cornplete, the screw-joirt is no longer used as a kinematic chaing
it therefore toes not appear in the kinematic formula of the
machine. It has Leen einployed as a chain tor a temporary purpose

(-"+ o
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only, inlorder,nariely, o tol connectl twol ormore pieces that they
maybekreated as alsinglel body, a Ipurpesel forl whichl it sl often
employed also in structures whichare not machines. Such aserew
fastening ] therefore] aslis used
forlaleylindercover, orltolhold
down a plummer-block, bias not
& mackinal but al constructive !
fuction in the machine. Its
abject isto make that connection
which ve indicatein ou formla

itlserves

Jinkslof al kinematiclchain

Kinematically, therefore, its
form is inlifferent so long a3 it
docs not interiore with the te-
quiredmotionslof thellinks ; it
is regulated chiefly byconsider-
ations of strength.  This ex-
plsins the immense variety of
shapes!inl whichl serew] fasten-
| ings oceur; the cemstructive
Fio. 22 Fio. 23 conditionslof all arehowever,
expressed by thelfornla which we have given above.

oflscrew- joints,safety orllockinglscrews, furtheron.

§ o
Keys, Cutters, &c.,and Keyed Joints.

We liavelalready seen (§ 64)that the key * is not @ kinematic
element in ourlsense of the word, butltbat itlconsists of two pris-
i i Llink

nnn L])ree linked kinematic chain. This chain, represeuted by
, has the formulal:

(e L
Iy el 1 s conocton by nginees, st



http:ki,,.r,w.ic
http:K;.,...,.i;..,,.uy

r FINERAEION W SACHTREAT.

forwhichwe have used the contracted expression(P5). The keyed
jointstoccurring in machineshaverinseedmlways thisaform, neglect-
of

PN of the keying ofas wheel uponan statt,
Eij8mhos al ceolnkaj & o The pisameeral

2 can beaat once recoguised, each one incomplete in itsell bus
L o el SRt e R
i to be moved bythekey only
axis of ¢, is prevented by force-closure from moving in any other
direction.

L.

Tn the case of a roundbarkeyedinto a socket, Fig. 296, we find
all three links and all three pairs. Thepairs 1 and 2 are at the
under and upper surfaces of the key, and the pair 3 appears in the
cylindric surfaces of & and c as wellass theasides of the openings
n ¢ through which the key pusses. It is these which make the
eylinder into a prism pair. In a * giband cutter"ajointsuch as is
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show nin Kiga®7,thie pair 3 is complete, but 1 and2 aredacomplete.
Thegibs 3, and bare kinematically parts ofathe rodac and the
strap b respectively

Keyed joints areatherefore in general, as we sec from these ex-
amples, three-linked kinematic chains, which however, like those
considered in the last section, have not a kineniatic function in the
nachiue,sbutservemimply to form links. Wedo,doweveralre-
Auetlysindthchain(P%) sedin themnacline us o the seew:
jointchain (8'7'C") is also sed dforseffestingmotionorxerting
pressure, butin s e ‘acchanism, andadoes notafallato
be consideredander the liead ofaconstructiveelements.

§ wo

Rivets and Riveting, Forced or Strained Joints.

A single sivetjoining two plates (Fig. 298) might be regarded as

cylinder-pairaC%.C-, theaivetbeing supposed to be fixedato one
of the plates. The latver would then form the elements of a turn-
ing pair; relative Rivets
are in practiceasometimesausedinathisway,
as forinstancein fiat-linkedchainsy butsuch
constructionageneallyonieundor thedhesd

Pinsrautherthanof rivets, andwill there-
ors e conilrel in theanexaseton. By

Fus 98

more
han aneivet i used andulnhichno reltive motion Wisteveris

fora by hammering while in a more or \m plastic condition, and

kinematic elements. As constructive elements they serve, ke
serews and keys, for the formationaof kinematic links. Theyasre
S Sl ) (i
- used

Avery im..mm plrluﬂhe action of rivets in pressingtogether
the bodieswhich theyunite is due to the shrinkage or contraction
of the rivet as it cools. The save phenonienon is utilizeddargely

bihertorme of fatening, o espesillyin tiSprobecih *shrink.
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ing” rings of metal over bodies which it is desired to strengthen
or unite. The rings are put on their place hot, and of course exert
an enormous pressure when they contract in cooling. The same
result has of late years been obtained by pressure merely, without
previous heating, and in many very important cases this is super-
seding the older processg in fixing railway carriage wheels on their
axles for instance, and 1n securing the cranks and crank-pins of
locomotives, etc. Looked at as a whole the two processes lie very
near each other, the latter might almost be called cold riveting.
We shall therefore not look at them as distinct, but shall include
them both under the name of forced or strained joilnts.

Kinematically, strained joints represent fastenings of a kind
which may be regarded as cylinder or prism pairs, (C) or (), in
which the elements are so closely pressed together that as regards
the action of any ordinary forces they form one body only, and
which therefore serve for the formation of kinematic links. This
close union of the elements is effected essentially by the friction
produced by the straining pressure. We shall have occasion once
more to return to this point,

§ 110.
Pins, Axles, Shafts, Spindles.

A pin considered kinematically forms one element of the pair
CiC-; it is the element Ct, or more strictly B+ if we use the
more general symbol (R) instead of (C). The pin and its bearing,
the combinations of elemnents BXE-, may be considered the most
common pair of elements; it occurs in almost every kinematic
chain, in large and small dimensions, under light and under heavy
pressures, raoving slowly and moving rapidly. Ve shall return to
the element £~ in § 112.

Axles are pins joined conaxially ; that is, kinematic links of the
form C* ...|... C+. The word axle is used specially in those
cases where the forces to be resisted tend chiefly to bend the link.
" Shafts are also links of the form C+...|...C+. They are there-
fore kinematically identical with the axles, but the name shaft is
used specially 1nthose cases where torsion is the force chiefly acting.
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rr\.e word spindle s in many pasts of this count
shaft

rag Bl ohed e fonld
elements in the machine is therefore very distinct.

s
Gouplings.

Under the name of conplings are included o number of con-
structions by which the motion of one shaft can be transmitted
10 another.  Their kinematic position is not quite such a simple
matter as that of the pieces hitherto cousidered, on account of the
very different, arrangements which have received and are known
by the, namo of coupling. _Toothed-wheels, friction-wheels and
Wheel.gear generally,although used for the purpose of transmilting
the rotation of one shat to another, do not receive the name of
, but frequently enough couplings are trains containing
several links. We may perhaps define a shaft coupling a5 an

the use of whecl-gearing. The dofinition s certainly not a very
sharp ane, but it seems entirely o
cover what is usually mownt by
a coupling.

Couplings may Te divided into
fixed, moveable, and loose, the
latter being in most cases known
a8 clutches.  We shall here con- :
sider the first two classes only, returning to the last in § 125,

Fixed couplings join two shefs in such a way that they may be
treated us o single body. ~They are fustened with serews, r with
Keys, or with both ; indeed there is nothing in principle to prevent
Bt S 1y v Vi 20 Giows it Bk
# muff-coupling, in which the three links and pairs of the chain
(PL) will ensily be rocoguized. The fiange-coupling, Fig. 800 is a
combination of two keyed fastenings with a multiple scrow-joint.
Other fixed couplings show still further combinations, Their real
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fanetioninevery cue s the faxzation of Kinemati lcks, these
Jinks having the form O

Moveable couplings subdivide themselves into those which are
‘moveable axially, radielly, and angularly. Sharpsaclaw coupling,
Figa01, is anllustration of
the first kind. It is formed
e aprismpAEEP fothe
claws ofathe piece 4 and 2
prismatie;s anda area so
formedathatarelativeamotion
cantake placembetweenthem
oty m tle dinction of the
axia of the shalts o and &,
3 | We may suppose the pieces
e Aand B 1o be connected to
@ and b hy keyfasteninga®
Oldhans coupling, Fig. 302, is one which is moveable radially.
We havs ey cxamini tis e fuly § 72)
wrminga cross-block.aliavingathieaspecialaformula
(o"

Theuniversiljoint, Fig. 303,

is an examplea a coupling baving
ogular motion. We Lave in ouraearlierinvestigations repeatedly
spokon of thisatrwin, i in § 62 pointed out that itwas s conio
aruiagorss ook C2C 0. st ot be forgoten tht the
link C-...Z...C" s omitted from our figure, as is usually the
casesin representationsaof thejoint.

These examples ave suficiont to slow that in the movesble

coupling is ot intended fo use asn clatch, but or allowing o bto mave
axially withoutditurbingthe transnimionof tation




couplingswe have partly pairs of elements and partly complete
mechanisins or portions of them, and that it is possible for the

individual links of the latter themselves to consist of several pieces
united by serewedlorlkeyedljoints.

§12
Plummer Blocks, Bedplates, Brackets and Framing,

The plummer-block o pedestal makes,alongwith the spindle
o0 shaftl' the pair of clements s \Lhm(umlmel[ the
single 0~ Tnitsa nany

rof i Wiyed Jonial andl Pl g uaiiey

Mechanisms areusad, partly tolunitethelseparate pieces of which

i et ol frmiliks) anl o]t flae aricaion

clennibyy. In neither case therefore do they appear in its
(pmmpm )\kmrmmc formula.

0 the bed-plate which carries the plummer-blocks we have
simply the fxed ik or Foon ofln Kinematio ohain, asangred 20
that, the elewents ¢ ur G+ may be connected to it bysutable
itenth T EEN IS aly oe Wi WETRO0L shows v
Mate for the two paraliel shatts A and B 1f we ingine the b
Blummer-blocks to be in their places. we have in the w]\ole:umply
the constructive form of thelframe €' . [|... C~, Fig. 305

A bod-plate for two shafts at right angles to escl other, Fig. 306,
such ay is frequently required for tnrbines,is (with its two plummer-
blocks) equivalent kinematically to the frame, C...L...C~ in
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Fig. 307, or}, bearing in mindl the invertibility of the lower pairs,
to the piece €7, L. C* in Figt308. Brasses,tscrews,coves bolts
and 5o on serve only to completecomstructivelythe eletent €~ and
totsecure it to the floor ot builing. Thetcompoundl bed-plato

Tig. 309 may be represented (dways supposing the addition of the
plutamer blocks) by the four elements C of the frame shown in
1

In the design of anytmachinetit is very advattageous te begin
Ly represertting in this way the simple kinemic forms wlhih fom
the basis of the framing,bed-plates, bratketsand structurts which




b
help the de

the result will be shown in the inoreased simplicity and excellence
of liis work. Theafirst step inathisalirectionnis generally to grasp
X 56
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] zlnnmmryanclmu that the
fixed ‘part of the machine is really a portion of its kinematic
Faksge, Tiis sulytocsnyto urget that the maonry,
flooring, and so on, upon which the pedestals, guides or framing
areafixed hnve by that very factabecome a link of the kinematic
chain of aamachine. I have alreadyaremarked (§
the fixed link is omitted from engravings. Unquestionably this
omission lus arisen from indistinetness as to its nature, and itreacts
a similaradirectionauponatheseaforwliose
usethewngravingahasabeenamade. ~Thereais
uothing whatever to help the latter to
realisea thea facta thata thea inportanta link
omittedistheone whichanusthedixed. Who
wouldsimagine forinstance,fromthe accon-
panyingaigureaof anwscillatingengiveaken
feom a modernkinematic text-»ook, that the
bearings A and B mustbeigidlyconnecteds.
Theyarempparently quitewithouteonuection
ind. Theaexample T have givenas,
e howerermnlyonemmonginany.  We cannst
be surprised, therefore, that this connection
B
struction. Those engineers who are old enough will remember the

‘marine engines, simply bectuse he employed cross-shaped frames
to give special Tigidity to thed raeof his machine. Andyet Penn
did nothing more than carry out the simple requirement which we.
recegnised at the veryibeginningaofour imestigations, as belongiug
toghitlinkof taskinasade chain

ee an exactly rimprovementmowibeingearriedwut in
the horizontal stean- enume, in the introduction (in America first)

ph\mmr,r»blm]c. Thisbed-plateaof the Corliss and Allen engine,
ofaTangye'senginesmndothersis nothing else thanthe frame  of
our turningaslider-crank (CY P4y Fig. 312. 1t is difficult to
elievesthatthisspeoialform of construction bas been somecently
introduced that the “improvement” embodied in it is still more
or less a subject of remark while it seemed to develop itsell
8 aamatterofacourse from our first propositions. But theavayin
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which these matte t3 have hitherto been looked at has madle many
things appear simple and self-explanatory which in reality are coui-
Plextand sequire proof, while othershave teent consiereditspecially
remarkable whicht are only conclus jons directly deducible from
definite propositions. In the latter circumstance w e can recognise
the power we possess in fiaving attourtcommantl an exactlogical
system.

Many other examples coull be mentioned, which show like
{hoat ok the want of Vst et p uption of the Factiontol

these pacts of machines and strictures of whii wet havet leen

speaking. Roftenbacher'sattempt to treat those iachines in which

thetframes are in one piecc 4s a class by themsdves seems to have

been duc to thetsawe canse® We have seenthat the right treat-

ment of the problem is very simple ant muhwxh!e and does not
licate

be well to pe pe tuate itt

§13
Ropes, Belts, and Chains.

We have already found (§ 41) that ropes, bats anl choins ave
Kinematic elementat They are the tension-organs 7, T, ané T,
If they are so used that by the help of hooks, screws, rive ts, ete.,
tley are cithertmade endless (that is, 7t urning upon themselves),
or are united with other bodies, they repmsent links of @rtain
kinemlheclumswhichwe shall consider in the next paragraph
ket chain st are essentially teombinations toftnumorons
Kinematio lnks each of the fam O . | o G- the closure of
the whole being effeded by the Hsertion f 4 frame between the
Chain-wheels,
* Redtentachergave hes the e of Mebl nanhinen.
o
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§ 14
Friction-wheels; Belt and Rope-gearing.

Friction-wheels are kinomatic elements in force-closed pairs. Two
corresponding wheels, such s those of Fig. 313, arranged 80 a5 ¢

gear with each other, form a higher pair of elements of the
form B, R* or B,

A pulley which guides a cord or belt, or by its rotation sets such
an organ futo motion, forms with it the pair 2*, 7%, as in Fig 314.
Twvo such pairs (which are, s wo know, force-closed), when suitably
united, give us the belt- o rope-train (as the case may be) shown in

3L the il of the pv\lhrs and the comneeting frama b
dded The single rope-wheel or belt-pulley or Pl
forms with m, sh.m & ok of the shafn reprosented in-the f

the “endless” tension organ being itself another link.
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§1s
Toothed-wheels, Chain-wheels.
Toothedwheels areliuks of the chain (2,03), oflwhich an ex-

ample is furnished by the spur-train of Tig
carrying the plummer-] ks take the plucl(s L12) of the svaight

link c. Tf a toothed wheel be gewred with & cliain we obtein the
pair R, 7% (Fig 323). A suitable combiuation of such pairs
gives 1S chain-wheel gearing.

§ 116,

Flywheels.

We have already had an opportunity (§145) oflexamining the
k s f

of fly-wh formedlas
revolutes, and auached to linksof the form C*...|...C* inlorder
B e v i ot 7
ot to make its motion more uniform. They do pot demand
n_ny-\ pecial symbolicindicationlasilinks orlelementsfur our mota-
tionlisnotlconceruedlwithlthemnasses oflthelputs it represents
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§ 117.

Levers, Cranks, Connecting-rods.

Levers, whether simple or compound, are kinematic links
furnished with pins about which they can swing (see p. 284).
The simple lever is one like the link ¢ of the chain (CY%), of which
the formula is C'+... | ...C*. The compound lever is a compound
link formed from the simple one, such, for example, as is represented
by the formula

c+ . ”{ C+,
... CF
The crank is also a link of the form C*+...)|...C*, but is so

arranged that it can turn completely round its pin or shafts it
corresponds exactly, that is, to the link @ of the chain (C)) or
(C3PL). The connecting-rod, lastly, is also a link formed of two
cylindric elements, generally in the form C-......C-. It cor-
responds to the coupler & in the trains (C,)* and (C;P*). 1In
its kinematic form, therefore, it does not differ from the bedplate
Fig. 304 in § 12.

We have here, therefore, a series of links before us, which
while they are constructively very different, are kinematically
precisely similar, and owe their different characteristics entirely
to their position in the chain. The compound lever, too, is exactly
similar to the compound bedplate (§ 112) in which the element C
is used in precisely the same relative positions.

§ 118,

Crossheads and Guides.

The common crosshead is simply the link ¢, the “ block,” of the
chain (CgPL). It has the formula C...] ...P. The guides in which
it works are formed in many different ways. They constitute the
element of the pair 4 which 1s carried by the frame & in the train
(C;PL)¢, Fig. 318, and generally have the form P-, although
sometimes they are also made P+. This prism is shown in the
slide-bars D D of Fig. 319, where also C is the crosshead,—the
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Mock ¢ of Fiz. 318, As  matter of history the crosshend has
passed though an unusually large number of clanges of form,
which show of what careful stady it has been the subject. The

Production of an exact rectilinear motion in a given mechanism—
A matter which at first sight appears s simplo—is @
e e v i

Wel havelnowlscenthat thel crank thel connocting-rod, ubel cross-
A e -

links of Ly
and (o,

§ 1,
Click Wheels f and Gear.

Theosuct treatmentof click-or catcb-gear leads tovery complex
and many-sided problems.  Wel canmo, aitemptlto treat theso
* crona 33
+ For the parpoeof ol Reenn' ork it bas boen pecssry . il
e o same of ohet o, Bt amel, i which i el r ek ach
Barely o preveatmoti 4nd thatiebich  easedt dirsthy wheslormue. 1
cliek-gear, anil o s thel lnarael

B oy by
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oflshemorslimporast s vhichiocs

forms o whish clickger s used the

‘mostcommon is that of altoothedwheel provided with alclick or

pawl) Figsl 3201 and1 321, Thel trainl consists,) inIbothl thel cases

shown, of throe links—viz. the wheel @ = C.. | .0, the click

= Z...|...C. and thel frame ¢l=  welshall supposel this

last to be the fixed liuk The tooth Zthe working end of the
awdlios] force-closed] i 1p180)}

the spaces oflthewheella,thelcatchbeingl helddownleither by &

spriug or by its own weight. 1t must also be remarked that b is

Kinematicallyl paired] with al only! forl onel direction of rotation,

left-handed rotation in Fig. 320 and right-handed in Fig. 321

R MR e B
thelcl

equivalentltola umgle iece.
At first sight it might appear that the difference between the
two trainswas constructive only, the pasl being formed to resist
and It however,

it

SIRIEHE el omes el el i o ki laal o pp e

TarFeatt i pressure orlpush-click and the wheel there is thus
the same relation ns between externally toothed wheels, between
thetensionlor] pull.clickland thel wheell thel same as betxweenlan
annular-wheel and a spur-wheel. We may therefore usel the
symbol Z+ for the tooth of the pressure-click, and 4~ for that of
theltension-click
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A second property of the gear which must be indicated by our
notation is the single action of the click-wheel. We may show
this by substituting a scmi-colon for the comma between C, and
Z. With the addition of the sign for force-closure the pair will

7+ 7
therefore be written C, ; 47 orC,; 57 The point may be taken to
denote the immoveability of the chain in one direction, the comma
showing that it is moveable in the other.

Placing the chain on ¢, its complete formula will be therefore

a b ¢
P e

Ct i | o C3 Z ). O£ C .o || ... O

The form symbol for Z has been here omitted in order to make
the expression more general. The sign for forceclosure is also
omitted; it can usually be dispensed with—the unusual nature
of the pair being sufficiently pointed out by the semicolon. The
latter, indeed, makes it possible for us to use a single element
symbol only for the pair C,; Z, for we shall indicate it quite
sufficiently if we take C,; Z, = (C,;). This contracted form is also
Justified by the analogy of (C,) for the spur-wheel pair O, (,
—for we may consider the pawl C...| ... Z essentially as a piece
of a spur-wheel, carrying a single tooth.

The rack click-gear of Fig. 322, with fixed frame, would have
for its extended formula:

a b

b

P+ . |...PyZ+..)...0t0C- ... 1 ... Pz
for which the contracted form would be (C P P, ;).

There is another class of click-gear which differs in one very
important particular from that which we have been considering;—
an egxample of it is shown in Fig. 323. Here we have click-wheel,
pawl and frame exactly as above, but here the pawl so grips the
teeth of the wheel as to make its motion in either direction
impossible. The click b is therefore, as it were, a combination of
those of Figs. 320 and 321, for it acts as a pressure-click against
motion in the one direction and as a tension-click against motion
in the other. While, therefore, the click-trains just comsidered
were single-acting, the one now before us is double-acting;
we may call them free and fast click-trains respectively.
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We must fiad a i symbol of relation to enable us to express
this double action of the fastlclick. The tooth maylin the first
place,) bel indicated] byl Z&,) and] further following] out] thel same
reason for which we chose the semicolon above, we may here

use the colon for the sign oflpairing. We shall

A R S
thelcontractedsymbol Mhltus ok tan of
Figl3231w .1umemox=1muc"c y

Thisltrain differs verylgreatlylfromlthe Freeclick
e T

wheel
dicection;, Lhelpnnlhshfwlhylhulmnuon of the
wheel itself, anddrops sgainimmediatclybylorce-
closure. Iflit he desired that turning should take
place in the oppositedirection, Somospecial means
must be provided for lifting the pawl 4, and s
throwing] thel wholel trainl *outl of] gour” With
* on the other hand, motion cannot oc-
cur in either direction unless the click be
firstlthrown outloflgear. Iflauyl fustl clicklbe
thrown out ofIgear, and then, motion b
menced, be again brought under the action of the closing force
(Fig. 324),the rotation lastslonly watil the next space comes under
thetooth of thelpayl. Thel latterlthenl fallslinstuntaneously,land
wheel, pawl, and frame become equivalent to & single picce only.
With the free click-traiu (Fig. 325) on
thelother] hand,lthel pawl fallsl gradually
underthelsamelcircumstances)(thewheel,
. 325, turning to the right), and
reachies the bottom of the space even

P

tercepts the wheel teeth thesfore with

. greaterlsafetythanlinlthelotherlcase.
Ifafterany loadedclickltrain—atrain,

DA P

thatis, whose click-
d under

tinue

andlwilll turnl thel qulckm hegriater e 1o0d be.  Thial motion
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may be called the reversal of a elick train. It is well suited for
such a purpose as bringingintolaction at agiven moment. mecha-

nical energy which has been stored up in may part of o macline.
Click-trains used for this purpose may be called curb-gear; they
are employed in many forns, ef which an extremely famiar one is
the common gua-lock. In this the two “bents " of the tumbler
ate the teeth ofithe click-piece or curb, which are released by

Longlago, inlth b
nml oflthe

e
Brought. seddonty into sction (§ 48) important mod
‘machinery itkervesthe samelpurgae; lmllhe! ol actinglspinning
mac, use
E\Irbgglr, e xpemnl object here being the efiecting ofla required
changeof Imotionlat a giveninstant.$

§ 120
Reversed Motion in Free Click-trains.

‘The applications of both forms of click-gear are—asourkexamples
have shown—extremely numerous and important, more important,
idsed than they appear to bel at first sight. This makes it

o i haNore furely o are
!n-ma from themlseveral of which will throw considerable light
i . generally in

the form (040, 1§, —(V) i the formule, formmace, Lo Watt
Ao sy oo in =B the rnling it sy s s ok ek
B

G Fury, S Bogine 072, P V., b ety cons s e
£, the higher pairing O, ; Zcoul) cever be steantight, anl wan alone saicient to
detroy it eficaney
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e e e e T
We must
theteonstructivetelementsthemselves
We have already pointed ont that click-trains are emploged
Voth fof direct md reversed motiont We shall frst examine
o L, & s Gl g
thecorresponing relativetmotions of thetpawl or click.
T cuick pinge b0 wliot)i 4 fderto SO ek i
150} 150 a motion of trotation theteonditions of which
dzp&ud\lpun o LT R g L T
.4 This may betcorsideral, in tihet most
Wnl caso, as o pertien of the curved
profile of a disc er cum e, Fig 3%, The
motion given by this fprofile to thetpaw]
will be an acilation akost the wxis of tho
pair connectiog it to the frame e 1 the
Fua aint raduus of the pawl be made mfimte it be-
comes a block b (Fig. 327), which with
sukabletforce-closure, is caused to slide to and fro in a #raight
line by the cam a. Here we have, as before, & chain of three
Enks ;titstformulatis

By slacingthinchaiaponthe Bak ¢ wecbiaine wey s
TP R T o T

in which my be
Teplaced by pair-closure. One of these is the SRR
of the black or pawl which is paired with the cam of a cylindric
pin—anelement,thatis, ofswhich the profiletis a curvetequidistant
% the end-point—and thet pai
in the cam o, formed by drawing equidistants to the original
profle, Fig. 328 (f. § 35). The fotce-clos ure of the pawl or
block b is theref oe not an essentialtfeature in thetcam
train, but only a separable and accidentaltproperty of itt
We were therefore fully justified in the omission frow our formula,
in the last section, of the signfor f oce-closure. Wemustnotgo
further into thi question liere; ittis ome which must receive
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exteuded treatment under Applicd Kinemnatics. It was only
i ? teeth

part also become, uuder certain circumstances, spur-whel trains.
We must now turn to some compound mechanisms which are
gear®

formedcfromoclic

§ 121
Ratchet-trainst

The comwondorms uf ratchet-gearoplayaapparentlyos somewhat
subordinate part in machinery, for which perhaps their force-closed

careful attention,ofor reasons which I shall showefurther on,

nd
we i

dliaracteristics.

S \ been frequesly requeaily
h i 5 1

o o o s o e S, S enpiesof Duvis (Bur
B 138, Scdts (. . Gk Bkt by o 1. 1 )

o Sulow gt I 174, %, 20 The siher i noibos

hines wgaio. enders sayudtompt to form thens into stisuctory steammesgines
e

+ Seemote . 15
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A piece of a machine is svid tol receive a ratchet motion if it

B
this motion is given is called a ratchet-train. Such a train
o 11k ot R i
should beprevented during the longer or shorter pansesithat occur
from moving backwards,—and for this purpose click-gear is very
oftenlemployed. A completelratchet-train isltherefore frequently,
althoughlnotalways, a combination of ratchet-gear and click-gear

T GG ENCERIET T e
retaining-gea

ot matehet-tmin which ofen cesurs is sketehed in
LA o T Ty et
rack clicktrain (CPP,;),w
horelused as retaining-geor; ancl the rawbet work consists of
bty iTAAEEA i plasedLupoatis] Fow ek QRS
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one with that of the retaining-gear, and which moves relatively
to the fixed frame ¢. When ¢, is moved downwards the rack
a a, is held by the retaining-gear, while the pawl b, of theratchet-
trainslips over the tops of its teeth; when it 1is lifted, on the other
hand, &,, ¢,, and @, behave as a single piece, while & allows the rack
to move upwards.

If, retaining the same relative motion of ¢ and ¢, as before, we
make half of it into absolute motion, we obtain the double-acting
ratchet-train which is represented by Fig. 330. Here the two
racks a and ¢, are formed upon opposite sides of the same rod,
and guided by an internal prism pair. The pawl rods, ¢ and ¢,
are moved by couplers from an equal armed lever above them,
in the same way as before. (In practice, where the double-acting
ratchet-train occurs not unfrequently, the pawls are generally
placed directly upon the working lever,so as to dispense with
the couplers and rods.) No retaining-gear is now used, the two
sets'of ratchet-gear acting alternately. It 1s to be noticed that
the pawls here, although they have only half the stroke of those in
Fig, 329, pass over the same distance on the rack in each down-
ward motion as in the former case, supposing the whole travel
of the rack to be the same, per period, as in the single-acting
ratchet-train.

The “levers of ILagarousse” (Fig. 331) form another double-
acting ratchet-train. Here one block carries both a pull- and a
push-click, and these act alternately on the ratchet-wheel a.
For each upward or downward motion of ¢, the number of teeth
over which the one pawl slips corresponds to twice the distance
through which the other (acting) pawl moves the wheel forward.
This peculiarity of the motion should be remembered, as we shall
have to return to it again.

We notice here that free click-gear is very suitable for use
In ratchet work. This is specially the case in one important class
of ratchet-trains, the escapements of clocks or watches. These
act generally in the manner described in the foregoing section,
by the alternate engagement and disengagement of a click with
a click-whecl, the latter being continuously driven by some
external force in one direction. The engagement and disengage-
ment are caused to take place at intervals of time as nearly
uniform as possible, so that the escapement may regulate the
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‘motion of

equalangleslinlequal times.
] well kmm. -m‘,hm escapement (Fig. 333) B
mited

i sy um !he m cths b, and by o one boig o |>n“—

s 288

an anchor. The metion of the pendulum causes the regular
aliernate liting andl engogement] of thel clicks. ~Iflthel clickld,
be lifted, b, falls into one of the spaces aud arrests the motion
Liupou whichlthe drivi

inlthesameHirection. ~Asthehuchorlswingsback, b, isldisengaged
and the escape-wheel is held byb, Each time the wheel moves
through a Histancel corresponding] tol half thel pitch. ~ Eachl tooth,

vheel, aslit slips past thelends g orlm of the auchor,
exerts] somel outwardl pressurel upou it, and slightly accelerates
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the motion of the pendulunn This, however, is merely an acci-
 dental feature of the escapement, used to adapt it to particular
purposes ; there are many escapements, especially modern ones,
in which 1t does not exist. In some escapements of specially
delicate construction, such as the chronometer escapement, a
single click only is used, and is lifted and engaged once in each
complete vibration (double swing) of the pendulum, allowing one
tooth of the escape-wheel to pass it at a time. In Wheatstone’s
chronoscope, as improved by Hipp, an escapement of this kind,
‘which acts with extraordinary rapidity, i1s used (Fig. 333). It
1s so constructed that it can make 1000 complete vibrations per
second. In each of these the escape-wheel moves one tooth for-
ward and 1s again arrested at the next. We thus see that in the
most delicate machines which have been constructed this click-
gear, which at first sight appears so rude an appliance as scarcely
to be suited for any approach to machinal exactness of motion,
1s extensively utilized.

Fig. 334 is an example of a ratchet-train with a fast
pawl If the wheel @ is to, be moved it is necessary first to
raise or disengage the pawl & This is effected by means
of a tooth &,, which forms one piece with the revolving ratchet-
tooth ¢, and lifts the pawl by coming in contact With the
face 5. So soon as this occurs the ratchet 4 enters one of
the spaces of the wheel «, and drives it one tooth forward.
At the end of this motion, however, the pawl again drops,
the tooth @, having passed the projecting piece &. As soon
therefore as the ratchet motion has occurred the click-train is
again fixed. The ratchet dd 1nay revolve in either direction,
SO that the wheel may be caused to miove either forwards or
backwards.

If the radius of the wheel @ be made infinite, it becomes, as
we know (cf. §§ 69 and 71) a straight rack. We should therefore
obtain,—if the ratchet dd, were suitably formed, —a train in
which a rack could be moved backwards and forwards by ratchet-
gear and held duringits pauses by a fast pawl.

Without going here into other forms of this kind of ratchet-
gear, I must briefly look at one application of the train which
occurs with special frequency. This is its application in locks,—
where from the comnion door or box-lock to the most complex

K H H



“ patent safetyds . i
oA e b bythe ke
Tecormondoor laich, n thea isiaplacs shovasttel taanor
10 be a free click-train wuler our definition. Both the coumion
liftinglatch and the ordinarympring-bolt or
the lock-Lox or frame, the doorframe and the door itself click-
trains, which belong to the class shown in Figs 520
They differ from these only so far that after the bolt or latch has
fallenintomgearhy: theclosingof the door,the socket of the bolt
onatheaoneahand,aanda thea frame
of atheadooraonatheaother,aprevent
anydurtheramotion ofathe dooraon
pal e Sk
become a fast o
Aibork mhelrie Seral.
most iovariably a_click-
the form 7  the S
Hie. 2 is @ fising pawl b, which isumade
several pieces in the better
classes of locks for security’s sake. The key is the ratcliet and
lifting tosth dd,, the frame of the lock the fixed linke. Desides
this thie Dalt o forms with the lock frame aud the door°a special

fast click-train Tuathose locks in which worcathau oneaturnaof
the key is required to withdrawaor to shoot, the bolt,the rackat
hus wuore than one ratchetand click-tooth. Tn order toaprevent
any unautheriz:d epening of the lock, the link of the wain which
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lifts the click and mioves the bolt, 7.e., the key,—is 1made separate
from the lock itself. The key in many cases serves only to lift the
click out of gear, a separate ratchet, connected with a handle, being
used to move the rack. Coniplex forms are given to the key and
the tumbler in order to render it impossible, or at least very difti-
cult, to move the bolt by any other key than that specially madc
for the lock.

The accoinpanying sketch of a Chubb-lock (Fig. 335), in which the
different parts are marked with the letters used for corresponding
parts in former figures, may make this matter somewhat clearer.
The action of other safety locks, those of Bramah, Hobbs, Yale, &ec.,
are so far the same. The art of lock-making indeed, which has been
the parent of so many remarkable and ingenious inventions, has
worked in its latest and most refined productions strictly in the

spirit of kinematic science,—it has followed its laws throughout
with the greatest precision.

§ 122.

Brakes and Brake gear.

Brake drums or wheels are links of kinematic chains,—made
usually of the form ¢ ... | ... B,—which serve to control or
entirely to stop the motion of the links connected with theuw,
by friction produced upon their surfaces. The blocks or band
pressed upon the latter and the mech:anismis connected with them
form with the drum a complete brake. Brakes are applied both
to pieces which move in straight, and to those which move in
curved paths.

One fact about brakes which requires to be noticed is that the
blocks, slipper or band, form with the drum or rod a pair of
kinematic elements so long as the gear 1s in motion. If a drum
be used we have the pair (R), if the block acts on a bar or rail,
the pair (P), and so on. Those brakes therefore which are employed
completely to stop a motion, are used to prevent the action of a
pair of elements, and thisis done by uniting the partnerelements
i such a way that kinematically theytmay form a single piece
only. Under some circumstances brakes act in exactly the same
way as click-gear; there is, however, this difference between them

HH?2



oflthel brakel thel twol by

oflthe and
the wnien of the two elements occurring when this diffieulty be-

Drakes hive the further resemblance to_ click-trains that one
class of them act cquallybwelllfor motion in either direction, s
in the fast click-train, while those of another class, like the free
click-traius, are either single-acting, o act differently in the

i brkelinFig. 336
In the following Section we shall bs able to investigate more
generallylthese pointsof lsimilarity

§ 125
Engaging and Disengaging Gear.

- Amonghe construkive elements which] we have considered
therehavelbeen several speciallylarranged and used s0 as to stop
thelaction ofla part of the machine when required, or folset it
againlfreelto move. Such armugements are kiown as engaging
and] disengaging] gear. Tt isl obviously important that welshould
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have aldistinct general idea. of the alterations thus eccurring
the kinematic. chain, in order thoroughly to unierstand the means
by which those alterations are effected. We shall examine some
examples of thelmethodslcomnonly used

One method very frequently adoptel is the separation of
the eleruents of an_existing pair, so thatlthepairing between
them maybebissolved. Friction wheelsImoved a small distance

i 2
by moving a tightening pulley (Fig. 337), or by trawing it off one
O both of the drums, spur-sheels which ean be moved out of gear
either axially (Fig. 338) or radially (Fig.
of this method. When the pairing is dinsolved, the motion of
the driven link necessarily ceases, no matter whether or not that of
the driving.Jiuk continues. ~Engugement, or * throwing iato gear,”
s simply the ro-

‘The most common form of this is the claw clutch
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oscralthe thiee most important varities of whichlarelshowulin
Figs. 340 to 342 The piece a is fired to the shaft A while b
canslidelupon B; the two shafislare then coupled iflthe clutch
teeth be in gear, as shown. Theseteeth,itwill belseen, are formied
exactlyl as those of click-work. The two piecesla andlb inl fact,
formlpartsl ofla. click-train Jalinst-train in thelfirstl examplelaudie
free-trainin thelsecondl(§ 119} Iwhile in thechirleasethelclutch
acts as  free-click if the teeth beengaged to half their depth only,

d 89 a Fastelick if they be in fulllgear. Theselelawlolutcheslare
therefore clicks which are thrown out of or into gear when the
drivenpicce is to belstopped ox to bel againl setl inl motion. The

diffcrence between them and the click-trains before deseribed] is
G A e T Thelrelative
motionslin the train, however

Suchlcouplings 1 thoseot Pouzer. Quertiriand. Uhlhorn are in
principle similar tolthese—but in them theldriven piece, thatcor-
responding to b in Fig. 341, Ireceives itsmotion from a secoudprime
‘mover, and if it bel stopped its]teeth disengagel themselves auto-
matically from those of @, which then ide freely under them.

Iniviction] couplings, of Iwhichl one is] represented. in] Fig.313,
aumeleq g e R s S oErsi o
closelyagainstla. thatl thelfriotion! between] them is] greater] than
BitpmaBngh 5 theest oD whiohbeobots mavee o one poge
with the driving shaft 4. The coupliog is disengaged by the
removal of the pressure. Apart firom the special purpose for
which it is usedwe have here simply a brakeland this is true
alsoloflother frietion couplings.

before.

o betterknovsalin] German ythanwithlus. They are wsed where
ahatt ,.mmm byltwo sepuni prmel movers, andl s 30 wumckdl ol the
hesedoes ot € the abatt,

‘Bothlforms o couplingreill
Constructeur S1E-p.27T k0.1 (K rofimahinentupplungen).
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Welthusseelthatlthesellooseloouplings lookedlat as iechanisms,
4 clicktrains or bukes, - but that instead of combining a moving
with alstatiouary pieceltheyare usedtolunitetsolnving piec
A to their sction in the racchanism as & whole we notice that
When the parts to becouplullare engaged, or put in gearwith each
other, they become kinematically one piece only. The shafts A4
and B become in this way  single shaft C .. | .. C, while
before they are conpled each one scparately forms such a shaft.
The engagement therefore forms 4 and 2 into one link of a chain,
while the disengagement agaiu separates the Parts or elements of
thislink, hen,

e

have been describedlare respectively the separation andlre-
union of the elements of a link ofla kinematic chain.

Thelvarious! couplings used inlthis waymay be subdividelne-
conding to thelmanner inlwhich the purts ofltheliuk movelorare
compelled tolcease motion, after their separation ; as mayalso the
couplings eforelduscribed. It in thelprovince of Applied Kine-
mitics to examine all these matters, here we must be content with
the establishment oflthelgencral principleslofltheir construction
1 1thatt i

prevent ulieloosening of uuts or keys are click-trains of the kind
Dereldescribed
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§ 124,

Recapitulation of the Methods used for Stopping and
Setting in Motion.

We have seen that disengagement and engagement may be used
either in a pair or in a link of a kinematic chain. Its object is
in each case to bring to rest, or to set in motion again, some portion
of the mechanism. Remembering at the same time that click-trains
and brakes often serve the same purpose in connection with the
whole mechanism, it will be useful for us torecapitulate here the
principles upon which the different methods used for stopping and
setting in motion mechanisms or parts of them are founded.

We have already noticed that click and brake act upon the ele-
ments of a pair in such a way as to unite them into ome body.
Such a union of an element with its partner we may call the fix-
ing of a pair. Remembering this, we see that the stoppage of a
mechanism or of a portion of one is effected

(«) by fixing a pair of elements in the kinematic chain (as in
click-gear or brakes) ;

(b) by disuniting a pair of elements in the kinematic chain
(as in disengaging toothed wheels, throwing off belts,
lifting a “ gab,” eteg ;

(¢) by dividing a link in the kinematic chain (as in claw-
couplings,—in throwing off pump-rods by removing a
key, ete.),—

while the original motion again becomes possible if the chain be
restored to its normal constrained condition. We shall see imme-
diately that this classification applies equally te pressure-organsg it
covers therefore the whole ground which we are examining. A
general examination of the waysin which it is possible to make a
kinematic chain immoveable and moveable at will, without destroy-
ing any of its parts, makes it evident that in the classification
given above we have exhausted all the means available for this
purpose.
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§ 125.

Pipes, Steam- and Pump-cylinders, Pistons, and
Stuffing-boxes.

Pipes are, as we have already seen in § 41, the indispensable
partner-elements of pressure-organs; the connections betyveen
them serve to form the links of the kinemiatic chain in which they
occur, In the cylinders of steam-engines and pumps we have the
vessel }J'~ containing the pressure-organ ; they are therefore single
elements, paired with their pistons or plungers ¥*. Piston-rods and
stuffing-boxes are partly paired with pressure-organs and partly
occur as simple sliding-pairs PXP-, In the tubes therefore we
have necessary, and in the four other constructive elements most
familiar, forms of pieces which are used as links or as single ele-
ments in chains containing pressure-organs. They include, essen-
tially, the chambers of rotary engines and pumps, the channels or
races of water-wheels, the housing of turbines, and so on.

§ 126.

Valves.

Valves appear to be the most difficult of all the constructive
elements to define kinematically. Their formns are so extremely
numerous and varied that they seem to correspond more or less
completely with a great number of different cases, without belong-
Ing entirely to any one of them. There are clacks, lifting-valves,
piston-valves, tapered, cylindric and flat cocks,—the slide-valves of
steam-engines,lifting and slidingequilibrium-valves,automatic valves
and those which are not selfactinge there is the throttle-valve, the
shutters and sluices for water-wheels and turbines, and many
others. All these are valves; they serve, that is, to divide the capa-
“city of a vessel contalning a pressure-organ in some required
manner. They do this in so many ways however, that is, they
differ so greatly kinematically, that it appears at first as if it would
be impossible to treat thern all kinematically as one class. So far
as I know, indeed, no attempt has been hitherto made to do this,
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which remarkable omission we probably owe to the fact that the
pressure-organ machines have been almost entirely left without
kinematic treatment of any kind. I have elsewhere* attempted a
classification of valves according to their constructive characteristics
which may be of service to us so far as it goes. It is as follows:

1. Valves which slide, including
a. Cocks and disc-valves,
b. Slide-valves;

2. Valves which lift, including
(7). Clacks, hinged-valves,
(). Direct lift-valves,

I gave as the essential difference between the two classes that
the fluid pressure upon the sliding-valves had no tendency either
to open or to close them, while in the lifting-valves it did both,
according to the direction in which it acted. The latter, therefore,
can be used as self-acting valves, while the former cannot.

There is a good deal to be said for this classification, which does
reach to snme extent below the surface. It is, however, by no
means exhaustive. It is founded on an exawination of its subject
from without and not from within, and so fails when it 1s carried
to extreme casesg in reference, for instance, to those lifting valves
which are completely balanced, and which therefore do not possess
the property above named as that characteristic of lifting-valves
in general. The division also stands so far upon the same ground
as those of the old descriptive school that it does not fully explain
its own definitions, and especially that it gives no indication of the
position of the valves among kinematic arrangements. Now that
we have familiarised ourselves with kinematic ideas by a series of
analytical exercises, it is possible to give a definition which really
goes to the root of the matter. It 1s this:—Valves and their
connections form the click-trains, and under certain
circumstances the brakes, of the pressure-organs.

Among these valve-trains also both tree and fast clicks exist.
The self-acting lifting valves are free clicks, that is, they permit
motion past them in one direction and not in the other. The
sliding-valves and the balanced-valves above alluded to are fast

* Coustructionslehre fir den Maschinenbau, p. 846, cf seq.; Constructeur, 3rd
Ed. p. 583.
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344, corresponds tothedreeclick-
1, Figadd5. Theavalve b is the pasl,
which prevents the click-rack a,the water, frommovingdownwards.
Thetube ¢, which carries also the joint for the value, corespy
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The analogy between fuid click4rains antl those consisting
sdel y of rigid hoses exists equally in those cases where the trains
are empbyel in complde mechanisns or machines. The me-
chanim Fig. 330, wlich represeuts simply a cotnmion
corresponds to the mtchet-train of Fig. 351, which we bave
dready exanivied The pumpuirel ¢, represents the frame ¢ of

thernt chet-gear, the suctionvalve the lover pawl b, the bicket-
valve the ratchet-pas b tthe primo-cylindric arrngement of
bucket andbarre] corre spondstio the prism pairing between the
ba.re, andthe frame

The double ading mtchet-traing Fiat 332, which ve already
know, exacily representsthe Stoltzpump, Fig. 33. The pump and
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With twice as great a velocity as it is raised by the other. It is not,
Decessary that the pumps shouldlmeplaced side by side in this
amangement; in some cases they are Armuiged With the two
barrels one above the other and conaxial, ane pump being driven
frumlabovelandonelfromlbelow
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prebsure-ongun. Tn uther words, piston-purups with valves are
fluid ratehet-trains.

The view which this proposition affords us of the different
systems of pump construction appears to me to be cxtremely
insteucrtive, and greatly to simplify the whole matter It is
interesting to notice that both free ratchet-gear aud piston and
valve pumps were kuown and had attained sowe degree of com-
Meteness before the introduction oflthe stean-engine; bothelick
andlratchet orce-closed 3

and so came eaclier in the natural cowrse of machine develupment.

We can observe also a distinct tendency making itself felt. among

modetn_engineers to supersede the foree-closed motion of tho

valves by a constrained motion—as in pumps with slido

valvesete.®
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§ 127.
Springs as Constructive Elements.

We have already examined the function of springs in kinematic
chains. We found (§ 42) that they were flectional kinematic
elements, and might be arranged so as to work under every kind
of force-closure, while the tension- and pressure-organs could be
used with one force-closure only. Along with the parts attached
to or connected with them springs become kinematic links. It
follows unquestionably from our earlier examination of the matter
thiit they should be reckoned axnong the constructive elements.

§ 128.

General Conclusions from the Foregoing Analysis.

The foregoing analysis of the constructive elements of machines
has given us some not unimportant results. It has shown us, in
the first place, that the parts generally included under this common
designation are kinematically of very various descriptions. In
part they are really kinematic elements (pins, bearing-blocks,
tubes, pistons, stuffing-boxes, cords, belts, chains, springs), in part
links of kinematic chains (shafts, axles, franies, levers, cranks,
connecting-rods, cross-heads, stearn-cylinders, &c.), in part complete
pairs of elements (friction-wheels, toothed-wvheels) ;—some too
are portions of kinematic chains (belt-gear, click-gear, brakes,
moveable couplings and disengaging-gear, valves, &c.), and a few
complete kinematic chains (screwed and keyed joints). ILook-
ing at them as a whole we rmay draw the general conclusion that
thed* constructive elements” are really those pairs of elements
and kinematic links which are most frequently used.
For some of those which are cornplete chains in themselves, such
as the screwed and keyed joints, are not used constructively to
obtain the motions of the chains which they represent, but simply
as fastenings, that is, for link-formation ; and the belt and cord-gear
occurs as a part of a chain, simply because flectional eleinents can
only be used in closed chains under chain-closure. Some moveable
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couplings, brake-gear, click-gear, &c., are more complex, and seem
mnore distinctly to be complete kinematic chains. These, however,
occur so frequently as subordinate parts of larger chains that
relatively to the latter they appear elementary, and their appear-
ance among the constructive elements may be justified upon this
ground.

The question now presents itself whether we cannof, from the
point of view now reached, find some rational classification for the
constructive elements, based upon their real kinematic nature.
This can certainly be done, and the matter is of sufficient im-
portance to merit a short examination here.

I't must be quite understood, in the first place, that no absolutely
rigid systematic treatment is here possible. The classification must
be based throughout on judicious compromise; we must be content
to give and take, that we may accommodate ourselves to the
exigencies of the numerous practical questions which refuse to
remain within the bounds of a rigid system. This, however, does
not of itself involve any error, for it is a consequence of the real
nature of the problem before us (p. 437), and in no way interferes
with our firm grasp of the scientific kinematic basis upon which
the whole matter rests.

We shall in the first place make a more distinet separation than
has hitherto been usual between the rigid and the flectional
elements. We may begin with the former, placing first the most
simple cases which occur. For this purpose, however, we must
remember that the simplest things are not always those having
fewest parts, and that a com»ination, therefore, is not to be rejected
simply because it contains more than a single element, or a pair
of elements. For our purposes those combinations in which no
Inotion occurs—the immoveable fastenings used for forming links—
may be considered simpler than the moveable pairs of elementst;
We may therefore place them first in our list. Next to themn come
the kinematic elements, pairs and links which give us simple
Moveable connections. Within these pieces themselves also the
Immoyeable fastenings very frequently occur.

Arranged in this way the following will then be the first series
of constructive elements:—
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I. Rigid Elements.

 Rivets and riveted joints,

Keys and keyed joints,

a. Joints (for forming links). ﬁ Strained joints,

Screwsaand screwed joints, pass-
ing into

- Screw and nut (used for their
" motions),

Pins,

Bearing-blocks,

Shafts and axles,
Fixed couplings,
Levers (simple),
Cranks,

Levers (compound),
Connecting-rods,
Crossheads and guides,
Friction-wheels,
Toothed-wheels,

| Fly-wheels.

b. Elements in pairs orin links. /

Wheilier moveable couplings and clutches should not be treated
along with fixed couplings may be questioned, for we have already
seen that in general, when their parts are in gear, they simply
form parts of rigid links. It must be remembered, however, that
these higher couplings contain in themselves numerous subordinate
parts, levers, clicks, brake-blocks and so on, and present on this
account greater difficulties to the student than the others. For the

same reason they require, to a considerable extent, a special treat-
ment dependent upon the nature of their details, and we are
therefore justified in placing them rather among the complete
mechanisms than here. Let us now go on to the second class of
constructive elements, and their simplest arrangement in chains.

II. Flectional Elements.

Belts
Cords
Chainsa

and their arrangement

ln gearing.

a. Tension organs by themselves
and used with chain-closure.
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( Pipes,
Pistons and plungers,
Steam-cylinders and pumpbarrels
and chambers,
Stuffing-boxes,
. Valves.

b. Partners of pressure-organs. /¢

' Tension-springs,
Pressure-springs,

1 Bending-springs,

Twisting-springs.

c. Springs.

We have here another doubtful point, whether, namely, the
valves should be included under II. 3, or whether they should be
placed in Class ITI. along with the click-trains formed from rigid
elements, to which, as we have seen, they completely correspond.
They fall along with pistons and stuffing-boxes (which also strictly
speaking belong to click- and ratchet-trains) so naturally, however,
and have been so often treated along with them, that the arrange-
ment adopted will be on the whole the most convenient. The
case is one of those in which logical completeness must be
sacrificed to considerations of expediency.

Springs are obviously in their right place among the constructive
elements in I ¢ above, The calculations connected with them
fall to a very great extent, however, into the studies of elasticity
and the strength of materials. Whether they be treated there or
along with the constructive e¢lements must depend upon the cir-
cumstances of each particular case.

We may conclude our list of constructive elements with the
few which are more or less nearly complete chaing, but which
almost always occur in machinery as whate may be called
elementary groups of parts, and which for that reason may be
Conveniently treated along with the parts more strlctly included
under the name of constructive elements.

IIT. Trains.

Click-gear in its simplest forms,
Brakes,
Moveable couplings anid clutches.
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These form a kind of transition from tlic constructive elernents
to the complete machine. It will be remembered, however, that
these three classes of trains are not the only ones occurring among
the constructive elements. We had, for example, the screw-train
(8P’ C’)° among the rigid elements, while in the chain, rope and
belt-trains of Class II. we had other complete mechanisms. We
know too that the clutches are click- and braketrains (cf. § 123)
while the moveable couplings are mechanisms formed froin lower
pairs of elements.

Our investigation of the constructive elements from a kinematic
point of view has led us rather to a rearrangement of them than
to any alteration in their number. It has furnished us, however,
with explanations on some points by which, I believe, the treatment
of the whole matter will be greatly facilitated.

The analysis has in several cases thrown a new and unexpected
light upon very well known and apparently very thoroughly under-
stood constructive elements. This has been specially the case in
regard to valves and the machines fitted with them,—pumps,
blowing-machines, steam-engines, etc. The conclusions which we
reached showed for the first time the close connection existing
between many of the characteristics of these machines, and have
thus greatly aided their comprehension. They enabled us to
define relationships which before had not been proved, even where
they had been recognised. In this way we have succeeded in
effecting a real simplification of the subject, the advantages of
which will be felt specially in the problems of Applied Kinematics.

In reference to locks, too, our analysis has given us an explana-
tion of which the want has often been felt. It has shown us that
their kinematic principles are exceedingly simple, and that their
treatment falls fairly within the limits of Applied Kinematics.
Those arrangements which we have called curb-trains also (the
special properties of which have not hitherto been distinctly
recognised), and the escapements, we have been able to bring
into their proper position among other mechanisms, and to examine
from a general point of view instead of from the special one
commonly adopted. The same is true also in the case of water-
wheels, steam-engines and other complete machines, the more
detailed examination of which we shall take up in the next

chapter.
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@ur investigations have, lastly, furnished us with a most im-
portant theoretic result connected with the general nature of the
closure of a kinematic chain or pair of elements. They have
shown us that in every description of kinematic chain, from the
most complex to the simplest, we have to distinguish three kinds
of closure, namely :

1. Normal constrained closure,
2. Unconstrained closure,
3. Fixed closure.

In all three cases the conditions are fulfilled that the chain
returns upon 1tself, and that proper pairing occurs betiwveen each
link and 1ts neighbour.

Under constrained closure all the relative motions of the
links are perfectly determinate.

Under unconstrained closure these relative motions are
made indeterminate by the addition of links to the chain.

Under fixed closure the motions of the links are entirely
prevented.

"All these kinds of closure are used in practice. The first and
most important occurs in every machine, and forms a characteristic
feature of it. The second we find in disengaging apparatus, where
the action of a portion of the machine is stopped or reversed. The
last kind of closure is used both for this purpose and with the
object of preventing motions taking place within any single link,
or, in other words, for making separate pieces into one link. The
common constrained closure lies between the two other cases,
and this is sometimes an assistance to us in finding out among the
possible closed arrangements of links in any chain the iinportant
special case of constrained connection,

The apparent work of the machine designer consists in utilising
these three methods of closure in different ways and for different
objects. In reality, however, they are to him only means which
he employs to solve the problem placed before him in the com-
plete machine. We must now proceed to examine the general
propositions which present themselves in connection with this
subject,
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