
\CHAI>TEl{ XI. 
ANALYSIS OF THE CONSTRUCTIVE ELErvIENTS 

OF ��IACHINEI{Y. 

§ 106. 
The Machine as a Combination of Constructive 

Elements. 

HAYING in the foregoing chapters considered the nature of the mechanisms of which machines consist, ,ve must ·no,v proceed to examine the separate pieees by the combination of ,vhich they areactually constructed. Although this may appear at first sight a return to matters already investigated, it is in reality another step forwards upon the road which ,ve have already marked out forourselves. For it is to a certain extent more difficult to understand . 
the machine in the forn1 in "'hich it actually stands before us than to comprehend the abstract representations by which, so far, ,vehave replaced its constructive con1plexity. It ,vas necessary that our general notions as to its essential nature should be madedistinct, partly indeed_ re-n1ade, before "'e could attempt tosystematise the complex forms of its single pieces, or distinguishbet,veen their fundamental and accidental properties. This proble1nis indeed by no means a simple one; we shall not ,vonder, when ,vehave arrived at its full solution, that it has required such long andcareful preparation. It was only· when chemical science had 
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tion did exist. 

CONSTRUCTIVE ELE:AIENTS. 

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 manyerroneous prejudices before it could attempt to analyse the separate pieces from ,vhich the machine is formed in the workshop, and make their nature really intelligible. "\Vherever the designing of machinery has been made a systematic study, it has· to a certain extent been recognised that the machine consists of only a limited nun1ber of different parts occurring in it over and over again. Different ,vriters have given to these different names, such as "details;" "elements," " simple-parts," etc.; I myself have for many years called them the "construct ive  elements,'' 
(bauliche clemente) of machinery. The constructive elements have formed the subject of many text­books.54 In these, ho,vever, it has not been proposed that this sub­division should be taken absolutely, or indeed without very con­siderable limitation. It is not assumed, as in the case of the "simple machines," that all  machines are simply combinations ofthese " elements," but only that the latter occur with specialfrequency in machine construction. Some idea of this sort hasal\vays existed below· the surface ; the want of exact ideas as tothe nature of the machine has, ho,vever, prevented its clear enuncia­tion, so that as the art of machine construction has advanced therehas been.a some\vhat suspicious uncertainty as to ,vhich and what these " elen1ents " were. Neither a very clear enumeration norsatisfactory definitions of them have been given. Only by instinct,as it ,vere: their number has been more or less distinctly limited;or at least they have in general been treated as if some such limita­

The following enumeration of constructive elements therefore rnakes no pretension to absolute completeness. It is simply a listof those parts which different writers on machine design have in­cluded under the head of constructive elements, or some equivalent title, and fairly represents the details supposed usually to belongto that class. These are considered to be:-
Scre\vs and screwed joints, Rivets and riveted joints,Keys, cutters, gibs, and keyed Plummer blocks, bearings,joints generally, pedestals, 
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Pins, }'ly-,vheels,Shafts, axles and spindles, Levers,Couplings, Cranks,Framing, bed-plates, brackets Connecting-rods, couplers, 
&c. Crossheads and guides, Belts, cords and ropes, Click and ratchet-wheels andChains and their connec- gear,tions, Brake-wheels and gear, Friction-wheels, Pipes and their connections, Belt pullies and gear, Steam and pump cylinders,Rope pu1lies and gear, Valves,Toothed-,vheels, Pistons and stuffing boxes, Chain-wheels, Springs. 

In addition to these parts, all of "·hich have very numerousapplications,·there are others ,vhich come into use only in singleclasses of machinery, spinning and ,veaving n1achines, machines for"'orking in n1etal, etc., but are still en1ployed often enough to have been someti1nes included ,vith those above meutione<l. By a dis­tinction which appears quite justifiable they have occasionally beencalled " special " parts as distinct from the above " general " ones.Without giving any illustrations of this second class of construc­tive elements we shall proceed to consider the first in order. \Veshall endeavour first to ascertain precisely the kine1natic meaning of each; and shall after,vards see how far ,ve can find any general kinen1atic connection betv,een the whole. 
§ 107. 

Screws and Screwed Joints. 

111 the co1nn1on scre,v and nut, Fig. 288, ,ve at once recognise thet,visting pair (S) or s+S-, and ,ve can do the same in some other applications of the scre,v ,1rhere, as in the scre,v-joint, Fig. 289, the nnt and scre\\T are themselves parts of the two elements to beunited.The case of the connnou scre"'-joint, of ,vhich Fig. 290 gives a familiar illustration, is, however, a different one. Here ,ve have aco1nbination of four pieces, a, b, b and c, the object of the ,vhole 
1 
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The last-named piece also consists here of tw·o ele1ne11ts, na1nely, the above-n1eutioued pris111, paired ,vith that upon b bi, and thisrevolute haYing its parallel to that of the pris111. The result of our exan1ination is, therefore, that this scre,v fasten­ing is a kine1natic ehain of three links, forn1ecl fron1 the pairs (S),(R) and ( P). If ,ve "-rite its forn1ula iu full, disregarding (for thesake of si1uplicity) the inco1npleteness of (R) and further replacing (R) by (()) as ,ve kno,v to be possible fro1u § 57, it "·ill run as 
follo,rs :- a b 

c- . . .  1 • . •  s- ::;+ • . .  !I . . .  P= P+ . . .  11 . . .  c+. ,Yhich ,Ye n1ay also ,vrite, inverting the lo,Yer pairs, and noticing that here there is no difference bet,Yeen I and l l ;-a b c 
'-

''+ • • • 'j • • • S -_:_ ('- • • • I .. • • = • • • I • . .  V I AJ p+ p-and in this "·e recognise a chain, l?ig. 291, ,vhich ,ve have already exa1nined. '\Ve may use (S' P' O') for its contracted forn1ula. If ,ve consider the link b as fixed, and a as the driving-link, the special 
forn1u]a of the mechanis1n is (SP' C');. In the applications of the scre,:v-pair to cause rectilinear rnotion, us in the lathe, or to exert pressure, as in the scre,v-press, these three links are very distinct, arranged in  the first case as (S'P' C');, iu the ]atter mostly as (S'P' C')�. The form of chain sho\vn in Fig. 291 
js also very frequently ruet \Vith in scre\ved joints, as, for example,in  the " tapped bolta" or " set-scre,va" of Fig. 292. \Ve also find yarious methods used in joining b and bl' as, e.g., the key shown in :Fig. 293. In screw·ed joints, ho,vever, of ,Yhatever form, \Ye al,vaystin1l that the pair >':,+S- occurs as part of the chain (S' P' O').The action of this chain in different cases varies very much. Inthe screw-press or the scre,v-cntting lathe, ,vith ,vhich in certain re­spects the scre,v-joint might be con1pared, it is sin1ply used like anyother kinen1atic chaiu. In the scre,v-fastening this is also, strictly speaking, the case, but only ,vithin such very narro,v- limits as are allo,ved_ by the compressibility of the pieces b and c, beyond theseli1uits it is not used kinematically. vVhen the rnachine itself iscornplete, the scre,v-joint is no longer used as a kinematic chaina;it therefore does not appear in the kinen1atic forn1ula of the1nacl1iue. It has been e1nployed as a chain for a ternpon:ny purpose 

·• 
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f<r, ,.filch,..., have u...i the rontr..cted e�pms,.ion(�) Tho koJcd juintsaoc.:urriug in mochinCl!hoveah..-loo.laaJ,..,.p thi,arorm, 11�lec\­i"l!lheaooca&ioa.al force- orapai,-<,]oour,, or inrornplorep,,.irs. n.. familiara ••., or tho Uying ofa • whttl upona • •haft, Fig.29;..a,hu-,,-, &ll ,h,.,elinb, «, b and c, The pri,mapo.;n, 1 ""'' 

2 can bea •� oo,,e reroguiM>d, Nch one iooomple\.il in itself but cl,-! by tho uthe:r. The pair 3 i• ornittod, but the ..-h.,,J, .-hieh i. to bo movod bythokcy only in a di""'tionp<lrpendioulor l<> the a:cia of r, i• 1•ro>c1>l.cd hy fore,,-eJoo.,,e fro,., movi,oF in ony other direetiou. 

ln the co..., or a roundbork,yedinto • =let, Fig. 296, we lind 
all three Hnk, aod all tl,ree po.irs. Thcpo.irs 1 and � or, at lho um!..- ond uppo, •urf"'°"" or t� k�y. �rt<l u,. po.fr 3 avi:-r, in the C)'lin,hic rurf"°"" o{ I, ond , "" ,..·eHa.,. thea,;�.,,. of Uto 01-,nings in , through vhich the key r-- It io !heoe ,.hieh mah th� cylinder into a i,,iam pajr. Tn o " i\b•nd c11U01"ajoin\.,ucl1 u i. 
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.i.:,.,•nin }'ig.a2n,tl,e 1o&ir 3 io oowvlete, Wt 1 and2 areainoomplete. Thegit. b1 and b,•re kiu,m.iie->lly I"'rtl ofathe roda, and the "'"'P b ""'peeUvely .Keyod joint> .,,,atlHJ...Coro in gen•ral, a.o "·• - frow th.,.. e,. &mpl th.-lwked kinomatio chain whicl, ho.-,,..,,., like tl.­..,oou,idettd in tho l.o,t oeclron. have nol a kinem.atic foRd,ion ioo \hc, mo,hillf',ahntocrvoaoimply lo form link,. Wedo,ahowe,.,,ar,,._ qnendyafindtl,ochain(l'',) uoedin tl,eanta<l,ine juot • lho "'rew. joint cha.in (S'PC") ;, o.bo uooo,aroraeffoctingmo1ionoraue11mg prn.un,, butin tbeao .- it � • awe,,h&oii,Jll, andaJ- no1;afallato ho oomid<n<laund..- t.he l� ofaoonotrucfa�•l<::ncnlL 
§ !M 

Rivets a.nd Riveting, Forced or St.rained Joint.a. 
A oin�l,i ,;ve.l.juining two plat.. (}'ig, 2�8) wight be reguJod u • c,]ind,..-.pa;,aC':l,(.'·,theariv1'4b.iu� ,un--.! to bo hedato one of the pla- The Jailer would then fo,m tlHJ ok,...,nl., ol. • turn•ing pair,and\hci, rel�ti>·e motionwonldboainiplea"'t.ation. .11.ivtuare in praoticeaoomel.im.,.anocdinathi,way, .. for inoto.nMin fl.,.linkedd,ainoa; but,ooh �-<>0mlruct.ion,genera.llyaroru0Ullrler theaheo.d �of pinonuberth&nof rivet,, and,..il] tb,ro. 111, m fore be oon,iden<l in lhcanextaoe<\,oo. fly aa ri,·et..1a f .. tcni...ia "'·6 nthora undcrtt.hJa onoa inawl1ioh D>ONI tl,ai, onc,i,· et i, u�, 1nda;n,.-hiohno reloti,·� ,notiou "·hoteverio p,nt,ittc,\atoatheap;,,.,,,.ari,-etedatogetbor. Thearil"<l.iareeeivoath,ir fonn hy hamw.eriug �·l,ile in a m""' 01' J.,. pt..tio ooudition, ind doa..,. inatbemoe!v,.,apo.,uat.LeafunJ..mehl.ila charact.cri&tuloa of k;tK',na\ic eloon,n\& .\.1 oonotruetin element., 11,.y .. rve, lak• "'TI"•• ond keyo, for tho fo,w1t.ionaol k.i,;,elll3tic link& Th,1a'"' moot frC'l,uea\ly u,e,l (" my ,....J..., know) in boilen and ,-rvoin oladifftreulakinda.ai111heaf«motion, th.t io,0£athev-1t V- uaed fortbeaendoure ofaliqnid oragueouaapro,oun,orgo.na. A ,.,,,., important putofthe action of riven in p,-in�tog,,thcr tb.o '"><liMwhith theyunite i1 due to tho 1hrinko110 o• oontraction 

?4" the rivct .. it rool1. The ••n, pt.e .. orno...,n i, ,,,m...tal�lym otbrr form, of fum,int,and .. peoiollyin tl,,e pt<1C- of • ohrinJ<. 
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ing " rings of n1etal 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 super­seding the older processa; in fixing rail ,vay carriage wheels on their axles for instance, and in 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 there£ ore not look at them as distinct, but shall include them both under the name of forced or strained joints.  Kinematically, strained joints represent fastenings of a kind which may be regarded as cylinder or prism pairs, (0) or (P), in,vhich the elements are so closely pressed together that as regardsthe action of any ordinary forces they form one body only, andwhich therefore serve for the formation of kinematic links. Thisclose 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 CJ;.C- ; it is the element a+, or · more strictly R,+ if we use the more general symbol (R) instead of (0). The pin' and its bearing,the combinations of ele1nents R,+R-, 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, moving slowly and moving rapidly. vVe shall return to the element B,- in § 112.Axles are pins joined conaxially ;  that is, kinematic links of theform a+ . . .  I . . . O+. 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 a+ . . .  I . . .a+. They are there­fore kinematically identical with the axles, but the name .shaft is used specially in those cases where torsion is the force chiefly acting,. 



§ 11 1  

Couplings. 



.,..,ain "'P"""'"tatiomaof thojoinL 

fn""'-t<m in every ouo io the formJ1.Hon of kinem:itic link,, the. li11h h•,·ing \ho form C� . . .  [ . .  (J• 

J,fo,,..blo cuu1Jinp nbdiYida the,.....J- into th._ wltieh .,,. mov,..l.,lo axially, radially, onJ angularly. Sharp"oao\aw ooupling. r;g,a:l!ll. i, anaillu,mi.1""'- of th, r,,..; kiOO. lt ia fonn<>d u o prism1.airJ':,P-, ro,lhe d.,., ofat\.., piett A ond JJ ""' priom•tie,a &nda ATt!a O(I fonDNlatb.atal"Olati..,amotion can•••• plaoeabotwe,enlhffl, 
::� ;; :;; ��i: ::..t: 

u:1·:n�--; � r::.,�:ied� n ond b by koy-fuu,"ings.•Oldbom'o ooup!i•� t·� 301. io ono ,.!,kb ia mov..,bJo n•lio!ly. We him, 01,....\y enmin..i tl,io ,_Mni,m fully (§ 72). and h•v•fonnd it t<> bo o atnrninga �bloek.abo.Yingatlu,a,peei.&lafonnula 
(c;'P{)< .Tbeuni\W!lll.!joint, llig. 303. i, an enmpleaof o «iupling hovii,gangular motion. Wo l,a>o in on,a_J;,,.;,.....tiRo,\.iow ttpeo.t,odly opoko11 of thiaatrai11, aud in § 62 pointo<l out tbat il11'u o conio turuinge..,..,-hlooka(CiC-.1C. It mmt not ho furg,:,Uen IJui.l tho link C- . . .  L . . .  ()· is omit\oo from ou fig,tro, u lo w,u..,JJy tho 

TolM onmi,leo ""' anfflcionl to ol,ow thal in the mo•.-ublo 
• n. -p1i.. ;, _ .. ...,.. .., _ .,. ,,..,,1o, 1,o, 1or .a..m,_ . . . .. _ 

oiiallj'wlU-<-""'c<N tn_._ol __ 



eouplingo,.a ho.ve partl;r paic• of demonu and portly complolo 
uioohnni11n, or pon,.iouo of th•m, and lhat it i,. pot8ible for !he 

indivi<lu•l linb or the J.t.t<r thems,l,eo lo ronoiot of .. veral pieoea 
uniled b;r ..,,.,�!or!ke]'ffl!joint.s. 

§ 112. 

Plummer Blocks, Bedplates, Brackel.8 and Framing. 

Th,: plummcT-blook or p,,de.to.1 rnakN,alo"l(with th, ,pindle 
� ohaft!(,'�.!1he pair of ele=t-s l'!C ; it!i.!thercfom!itaelf !Le 
"1ngle kinomatio!elerneut (!-. Tn ,t. oeto•l!oon,t,-,,otiou tnaur 
Yllrietit:a! of "'"""e,J .. ud keyod joiTIIO! and! oW..r! •utl.L aniliary 
m.,.,h,,.;.m, .. n,w,,,.l,!portlr to!unitotho!.,.,pomto pi....., of which 
1t! co,i,i,lo! (i1.! to! fo,m!link1),! o.nJ! P"rtlyto! facilitot,, J"lxicaUon 

i! thcrdoro do they appear in it,, "" 
C:�n::;)!':'in..!:ti:"}!:ul:'

In tho t.,d-plat-0 which oa,riu t.he plummcr-bloob we ha,·o 
oitnply the fixed link or fnun� of!• kinematic ohain, Ol'Y"illlf,'ffi oo 

l§JS2,:g,0�s€2�II�1.;it;� 
lbe eon;truofao form of tho!ftalll<J C . • .  ].., C-, !"ig. 305 

A boo-pl3te for two ohfta a\ right a�gl,., w ,..cl, otl1�r, .l'ig. 300. 
i �

nr
�l:j s�:�:�; ;:::i.:l ;;:ii,�i, i=i�.t�:�t";In: 



.
to thepi«,eC� . . ..L C• in Fig.tSOS. 11.._t.,n!Yl,e<>nr, boll• 30; .,,t t.rina in mint th,, invl'rtibi li t1 of lhe l� pa;n. fig . , , d ..an d oo on -.o on!yto eo,.p]eu,eonfltnicti,..,lylhe�L:t ment C~ &nJ tot -ure i t to tbo ftoor ort buildi"l!- Thot eomp:mntd btd•plate 

! 

IJ 
,. 

}·;g. 309 »>.1 bo ,.;-nl«I (ah,,.,.. ""PJ'O"ing th,, addilion of tht plut mmer bl'-"'ko) by tho four o!.-ntt C <•f tl•• r..,.,. oh<,wn in }�13. 3!0. 

In lhe d•'.ign of �oyt moehin�tii i, n,y adnntag-.0 1-0 b,gin .�y ,.p,m,nt t,ng >n lh,o "•1 the,iwple kin<,w•tio fonno whitch fonn theluil ol tbo f111mlJli,b.,d-pllloa,bratck011and otn> c to.t,. which .



conneelth,,.m,befurea�in,:wilhthoa<kaign.a Thiaa.,·illagno,.l.ly lid], thg dc,ejgner in ,,,.\i,in� hi, problem in a,, •bot.rae\ form, •nd 

I� Mult will bo ahown in the iocrulOO oimplicity ,r,J cxoe1l<nce of l,ia :ork. Thcafi!"lt olep inatbi■adirl,c;;oDais Jl<"ll'"1:;'t �P 
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tin:nl.y a1'<l "&IT)' ..-ith W1 tbo appu,-ntly <,],,1nenlarya11<>tioo that tho �u,d ·1,art of tho machino VI ""'l\y a p<>rlioo of ii. kinematic link"i!e. ltaVI onlyatoo,..yto furg,, t tl..U tho muon:ry, limber, ftooring, ond oo on, upon which tJ,., ped,,,tala, guidoa or framing •reafix«l,h.ve hy lhlot ,·,:cy f&etabooomo a link of tbe ki.,.mstie cloain of aamachi,,... J t...,·e a!,-!ya""""''ked '§ :-,s) h.,,. oft,,, the fiud link io omil.l.,c\ from ffigrarin,: .. Unqueotionably thUI omi,.jon l,,,. oti,en from indiotillc\n- ao to ii. nature, oud ii,_,.., 1 ;. , ,;,,a.,a,;�,;.,a,,,,,,,a,,,_a,",.,_ ulOlhoaengn,,ingahaoab,:,,namadc. TheroaUI uothing wba=er to he!]> tho latter to,...!ilOa thea f,cta thata th•a iniportallta link omitt.edUltheone ..-hichamu,tboaluod. Who wouldaimogine,aforinwt.t.uoe,fromthe oooom­p>nyingaBgun,aof anaoecillatingaengi,..,atakcn from a modernkin,matic t<ld-hook, tbat th<, be&rin!l" .A an d B mu,thearigidlrcoone<WaITlwyon,aopparen\ly quit.iwitbomaconuectio11 of any kind. Theauawple I ha,·o giYenai.,,
P,, m ho-•·er,aonlyonoaomong1nany. Wc eann� bo ,mpr;-l, then,fon,, that thi., oonne.:Mn h"' oftcnbo,n ,·arritd out incompletely in actual macl,ine con­<'ru<lioo. Th- engioeer1 who are old eooogh 'rill remember the »oioewadeahonttbeaformin,.-hich Pcnnoo,..iruetcd hi,,aooeilhting uwin,, �ngin"8, •impl;r he<,ouae ho �mployod ........i:..pod ham'9 t.o gi,e ,pe,:,i&l rigidity t.o tl,.af.....,.,ofhi, maehine. Andy.t l'<nn diJ nothing m.,.. tb•11 e&MJ' out tl,� oimple "-'<tuioement whioh we """"Slli&eJ at th� ,·e,yabeginnii,gaofou, in,·eotigotiona, u bo\onging t.oatb&llinkof tbeakine,,.-tic choin Wea..., an e:nctlyaaimilarimprovementano-.·aOOngcarriedaou.t in tho horiL<,utal owo,m...,ngin�. in the introduc·1ioo (in A""'rica fim) of a otn.ightahcavyframeadirectlyoonnecting theaeylinderaandU,e plnmmsr-block.. Thi•bed-plat<iaof the Codi"" and All�n engine, ofaTangyc'oengineoaandotber1io nothing W than1ho fram., d of our turninga,lider-crank (C: fU-'/ l'ig. 312. It i• dillicult I<> helieveath&tthi.otp,,ci.alform of con,m.,ction 1 ... , 1-o ooa"'"'m\lJ introducetl lh•t tlie • ;,.,pro,·cmeot• embodied in it i.a otill more or le .. • ,uhj,,ct of rou,ark �j,il� it _,mN_ M d.>vdop it.,lf ,.. .amat\ervfaC<1u� fruru o,u fir1t rml"""itio,a But theaw•rin 



/lOl'L'<, �ELTSA.YO CJ/AlSS.. 
•hioh ti,- m.tte11 ho.vo hitherto twn looked ol  hu matde many thinga •Pi-• oimpie UJtd oelr-exp lam.torywhioh in ,..J.i.17 ue ..,.,,_ plextlOl> d t"'4ui n t 1,,,,.,,,while ot.be11hovo beent ,,.,,.oitdcl'O<lt•1....,;.,JJy 
..,....,.bh le 1rhioht ...., ontly oor>01"oio1>1 directtly deducibla from &finitepropooitio111. fo \be b,tt,,r citcu-- we can reoognile 
th., powe, wo 1- i n t lu.,.ing o1t,,..,toom,,..otd ..,_ n°"'tiogical•1-�<11.l1..,,, other exa mpl• oould be m�ntiollfld, whieh ohow, like t.ho.t cit.od,tthe""&nl of at diolinctt pe""'ption of thefu11ctio11t of 

ti.- p&N of mochi uot a o d olnl.e\11- of which ,o·ot l,.ovot been 1,-ki
1tw,trr..n,..

"3. Rodteu."-chd10U.rnplto - � tm&<:hi,.. in whiol, 
...., ;n oD11 pieoo 01 o c!- b7tMllllOlY,_ ...,,,. 1o hav• heen dao to thot...,,.. cauoe,• Wo hn., _nthll. tlteright t n,ot­rnent of tbe111'<>blc m itTer,li m p lo ontd int<,lligibl� •nJ d- nol. ill<Lc.,tetbeuioleuc.tofanyoucb""patrslion-it wil l aot,th• refon,, bewell to perpetuat.o it.t . 

§ 113 
Rope•, Bell.II, and Chai1111. 

We have o.!'--'-7 found GI 41) that l'OJ"9, bollo ontd chlioa ...., ki.., motic e!emnit . They uethe �o-orgo,,o T. T, antd T,. 
the,
Ir I� ...

- ueeithert mo deendi-. (tb&t io, ffl""'in&: npon th, moelvM), 
., 110 -.l. thal by tho help of hooko, ., .. .. ,  rivet&, etc.. 

or .,,. united with other booieo, they reprMent linQ of oertain kin"">W<:chai1t0whicltwe olut ll ""'"";Je, in tho nut puagrapb Thetllot-Jinkt chaiu1t a,., _,ntiallyt..,.,,binationotoftuu merou, 
��� ��: ::�:/ b� thefwc,.�:�-u� -�- ;�;..;���:n,

.,t:!dWn-wheelo. 
• _1,-j.............. .- .... - .r ....w.--;--_ � 
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§ Ill 

Friction-wheels; Belt and Rope-gearing. 



§ 115 

Toothed-wheelz, Chain-wheels. 

Too\w,d,..he,lo arelinb of the ehoin (R,O';), of!which an ex­
ample i., furnished hy tho apur-m,in of Fig. :H6. 11,e fromin� 
e&rryi114 the pln,no:ier-bh.cb takes the �lac-.,!:] l !2) of the •mlight 

link c. If a loot.hod wheel be lf"""'I with a clta.io we ob'.ain tl,o 
po;, R. 1't (f'ij,. 323) . !.\ .,,;1,.1,1� oombiruttion of sncli pa.in 
giv.., uo chain-whccl �,;,aring. 

§ 11 6. 

Fly-wheels. 

Wo ba,·e .!ready had an opportuni\y (�!45) of!=•minini the 
ki.nom•lie moaning of lly-"heeJ.. Thcy!att!h..,'7!bodi .. formo,.l!"" 
revululo&S, and attached to lindof the form 0• . . .  1 . . .  c� in!ordcc 
either to!e&Try!\.h9!mochine!ove:rita dead poiu\.o L)U,";' mom�n• 
tnrn, OT \-0 make it. motion m-0,-, UI1iform. They do Ml deru•nd 
"."Y """"ial gyrnbolicindicA!.ion!,..!Jinko or!element.,.,!lot our nota­
hon!ionot!co1u,.,,1J"'1!witl1!tlietua...., of!tho!vut• it rer=en'3. 
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454 

a+ . . . 11. { ·  . . a+ . 

KINEMATICS OF MA CHINERY. 

§ 117. 
Levers, Cranks, Connecting-rods. 

Levers, ,vhether 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 c of the chain (01), of which the formula is O+ . . .  II . . .O+. The compound lever is a compound link formed from the simple one, such, for example, as is representedby the formula 
. . . a+ 

The crank is also a link of the form O+ .. -11· . .  O+, but is soarranged that it can turn con1pletely round its pin or shafta; itcorresponds exactly, that is, to the link a of the chain ( O�') or(c;P..1.). The connecting-rod, lastly, is also a link formed of two cylindric elements, generally in the form o- .. -II• . .c-. It cor­responds to the coupler b in the trains (O,)d and ( o;P.1.)d. Inits kinematic form, therefore, it does not differ from the bedplat-eFig. 304 in § 12. "\Ve 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 entirelyto their position in the chain. The compound lever, too, is exactly similar to the compound bedplate (§ 112) in which the element 0is used in precisely the same relative positions. 
§ 1 18. 

Crossheads and Guides. 

The com1non crosshead is simply the link c, the " block," of the chain ( c;P..1.). It has the formula 0 . . . J_ . . .P. The guides in which 
it works are formed in many different ways. They constitute the element of the pair 4 which is carried by the frame d in the train 
(C;P..1.)<l, Fig. 318, and generally have the form P-, althoughsometimes they are also made P+. 'Ihis prism is shown in theslide-bars D D  of Fig. 319, where also O is tbe crosshead,-the 



•od ( C:i'-

Wo! huc!uow!-n!that tlie! c,._nk,!tl.Le!con""'-'lllig•roJ,!t.he! crou­
h,.d,ll,ei;uiJ�!bar,!(incluJing!"jt.l,!tJ,.,wlhe!cnwk,hcl!beari!n,11 ),
ond!tJ-..!len--ran, in!foct! allthe linb of the!cn.nk\rnin1!(0;J'-'-)' 

� 11;,. 
Click Wheels t and Gear. 

Thunct t,..atm<ntof dick- m- "'tcL-�e&r le,d, to very complex 
"'1d rnony-oU<d problem._ W<t! eonnot ottornP<! to trent t"-> 

. ,,,,..,,J ol J S. 

i..i,.� ;':.,�f .:'M .. ;;:-;;_7!:,\_'7. ':�i'".,"1,� 
-.i,1o,-,_.- , ... tlltla�'k' ·, -,,..,i., � · .. u., .1, ... �  •  T 
-..; ..n!u.om<!d .. ,li,k-g,o�!!t,'._;� 11,,!......,!,.~!_,,,.,><1• 



uh.u111iffiy, but muot hffll <:<mtent ou,,..i-,.,. by looking at a fe• 
of!thamom!importaot!.,._!,..hich!occur. 

Among the IlllDlUOlU funn1 in wbieb click-goo., io uoed the 
rooetrommon i• that ol a!tooth<d..-httl provid«.l with a!click or 
�wl,! }.igo.! 320! and! 321. The! traiu! C<lnsi.t...! in!both! the! CUM 
ohoWD. of thne linko-viz. tho wh .. 1 • � C ... 1 ... c. the diok 
b = Z. . . . . (', a11d the!f111Jne •!= C . . .  1 . . .  l' :  we!•ho.ll onpp<M!thi., 

lut to be the h«.l liuk The tooth Z.the working end of the 
J>U•l,!li"8! f0ro&,clooe<l!( .. we!have! o.J..,.dy!poioted! out,!p.!l80)!in 
1he ,i- of!thewh08l!a,the!calchOOl1lj/! he!ddo..-n!either by a 
1priug or by ii. own ..-�ht. h "'""' abo be �ma,ked that b i1 
ki�motically! p,r.ir«!! with a! only! fOl'! ooe! dire,tion of rota\ion. 
loft-handed rotation in Fig. 320 and right.handed in Fig. 3�1. If 
u,y turoing! C<lmmence in!tba oppooite dirt<:tion the whed io at 
oooo!be!d!f .. t bytha!click,ao!that the!whole!mechanL,rub«<,me, 
equivalent!to!a oinglo pi....._ 

At fi,st. $ght it might app&r th.&t. the dilf-nC<> bot-u the 
two tnin1"""' ooutructi•e only, the �,..\ boing form,,;! \o ,...ial, 
pn:aure! in!the!fint!.,... .,,d t.enoion!inthe!...,.,nd. lf,howe,e-,, 
the!dire,tion!of!the! un,wo! oho,m! upoo! the! figu,..!be! noti,,.,,;,;t 
•ill!bo! oeen! thal! in! tho!fi'"t! cue! tbe! tuming! of!the! wl1ed! and 
click,! if! the! lormer! bo! ..,t! io!motion,! tak""! place! in! oppo1ite 
di ... tiono,whil� in!the!....,od!.,...,, it ocoun in 1imilar!dimctioD1-
Betw""'n the p,,,_Ul1l or!ruoh.click &od th<, whoo\ the"' io th\11 
the _,,.. "'!•lion .. botWfftl extern•liy toothed whe,lt, bet-.·..,n 
thet,,osioo!or! pull.diek!and!the! wheel! the! •me .. b,tweeo! an 
ahnular.wheel nd • 1pur.whool. We may tben,fore ""'! tlte 
•:rmbol z+ for the IO<nh of the preeeg-lick. &Dd z- for that. of 
the!la>sion•diet. 



457 FBEE AND FAST OLIOK-TllAINS. 

A second property of the gear which n1ust be indicated by ou� 
notation is the single action of the click-wheel. We may show 
this by substituting a semi-colon for the comma between C. and 
Z. '\Vith the addition of the sign for force-closure the pair will 

z+ z-therefore be written o. ; or 0., ; The point may be taken to y y· 

denote the immoveability of the chain in one direction, the comma 
showing that it is moveable in the other. 

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

a b c 
o+ . . .  II . . .  o. ; Z . . .  II • • .  o+ o- . . , 11 . . .  0;;;.. 

The form symbol for Z has been here omitted in order to make 
the expression more general. The sign for force closure 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 Oz ; Z, for we shall indicate it quite 
sufficiently if we take O. ; Z, = (O. ;). This contracted form is also 
justified by the analogy of (Oz) for the spur-wheel pair O., O. 
-for we may consider the pawl O . . .  11 • • •  Z essentially as a piece 
of a spur-wheel, carrying a single tooth. 

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

a b C 

p+ . . .  11 . . .  P,. ; z+ . . .  II • • .  o+ c- . . .  1._ • • •  P-:: 
for which the contracted form would be (0 PP. ;)c. 

There is another class of click-gear which differs in one very 
important particular from that which we have been considering;­
an example 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 consider�d 
were single-acting, the one now before us is _dou·ble-acting ;  
we may call them free and fast click-trains respectively. 



Wo muol liwl • w,., oy,nbol of n,L,,ti,m to enaWe u, to oxp,­
lhi• double ac\ion of tho r .. 1!dick. TM tooth m11y,!in th-0 firol 
plac<;! be! iwlicat,,d! by! Z±,! an,!! furthor,! folloW:ng! ""t! t!oo! •me 
,_,u for which we ch..., the o,mN'<>lon abovo, ,... may hem 

,coe the colon for tho ,ign of!vili:ring. We ,hall 
t.h,refo,.,indioal<l!thepairof!ckmento!conti.tiug!o f a  
click-"h.lel Md!donble!llC\ingf"'"' l by C, : Z� or by 
the!oontr.>c\OOoywbol!(C.:). The!faat click train of 
fig.!32:l!will!thm,fo..,!be!(C';O,:)' 

Thia!t,..in dill'ers vory!g"'"'tly!from! the frroclick 
tn.in (0:C.;)'. In tha laU�, nothing what,,,,-., pNl· 
venUJ!the!free! turning! of!tbe .. hoeJ.!a in! lho! prop,r 
J.il'l'JClion ; the!1,.,,.J!i,lift<,,,\!b y t h<: !motion of th 
whoel i t,�\f, ouddropo •:!"i"iwwediat,•lyhy!forn,­
dosnm. ]f!it he deo.ired tWl.t turning ,hould take 
p1a.oo in the OJ>t><"it�di""'tion, "°"'""J>ecial we••• 
mu,t he provi<IOO for lifting tho pa.,.-J /J, and oo 
throwing! the! whole! t,..,;n! • out! of! g,..-.• \\"ith 
((";C,:)' on llte ot.h•r hand, motion cannot oc• 
cur in  �ithu direction unle,o the cl ick be 
firn!thnwn ont!of!geu. If!ouy! fast! eliek!b,, 
thrown ..,_t of!goo r, and then, motion being ocw­

w,nCN, be "l:ain brought undtt the ocl..io� of the clooiug fo""' 
(Fii,r. �24).the rotation !asta!only until the next apace oomcs unde>' 
thetoolh of!lha!pt,wl. The! latter!then! fall,,!in,t1mlan,on.,ly,!onil 
.. �], pawl. and ffflru� b<>oomn c:quinlcnt to • 1ingle pi<,¢0 .,.,Jy. 

With tlte r- dick-lnt.iu (�'ig. 325), Oh 
th,!ot.her! hand,!1be! 1•"d! fallo! grad11i1l\y 
unJerthe!oame!circuw,t.n,..,!(11.ie,rhe.J, 
Fig. 3��, turuina- to tho right), and 
,-J.,,. the bottom of the ,paoo even 
b,-fon, the momeHt of d""uTC. It in­
luoopt,, tho "'hcd te;,th \herofom with 
gr,al<,!Mf•tythan!in!the!othtt!....,, 

lfaflerany!ioMlodtlick!tniin.....,.t,..in, 
thotia. wt>- cfa-k,pieoe!a i, oub�tal Ill tho action of O<Jmo oon­
tinucil for.nrdfo,.,,,._i,,. oet inmotir,n,it11dick1k,c,,notoom,, under 
the!action! of!lho!cloo.i� fo""",!the,.hoda!will!continne! to!lnm, 
and!..-ill! tum! lb.! 4nioke, 11,eg,.,..ter the load be. Thio! motion 
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�� g;:t������=�: 

may I,., o,,.l\od the re.enal of a dick (:rain. It io ,...,n ,uit,J. for 
''."'h • purpooe 18 bringinginl<>!•CUOn t.l & given momen< methll-

rM f 

�;�-� ::;or �:U.te;:;: �; ;; .:'.:[J:'�,� _;.:::��:� 
h a i

: ::1:': �':;t�:--� "i: t:: ";�re,:•:\� ��: •;u:":1! 
.,. th,, l<,oth of!ihe click-piOOG or curb, ,.-bicb an, r,el.,....\ by 

pnlling!lhetrigger, Loog!og,,, iu!th<i.,.,...bowof!tl..,mi,ldl�op 
and the!<8tapulta!and!b..lli,w.!ofthe!-,..,iento,!th<ipriwiple of!th<i 
curl,.g .. , "'"" uoed in meehonwtl, by wl,ich •t.ored-up °'""'SY wu 
brm,ght •u,!Jenly into action (§ t8). In importaut InOOen:,
ln1<bincry it!oerv .. tbe .. me!p�;!iu!tha! oelf.acting! •pinning 
1n&<:hiru:.! for! cxample,botb! ff'Ol! t.ndfa,l!clicl<-tr&ina! ar.,! 1"""1! 18 
<llrl>--g,,,.r. tbe ,peeia.l. object hero being the effecting of!• 1'>')_Uir<>e\ 
changeof!motion!ot a gi,•enlli!lt&nt• 

§ !�'{I. 

Reversed Motlon in Free Click-trains. 

n... applicotion• of l>oth form, of click-g,,er --..our!e..umpl .. 
ha,·e ohowu----<J•V•me!y nnmerou, aOO imporlan� more impo,tan� 
il>deed, than they opi-, 1<1 ha! "' forot oighl. Tltia n,...k .. ii 
n_,.,. to enmine 110mewbat ll>ON> cl.-ly tbe moohiwisma 
formed from them,!"8vcn.l of which will throw ,:,,noider.>ble light 

·!Cllol,!.u.1 ..!....!...!.......... y,!,,...!tan,o<1!;,,.<1ooa...._ . •  --111 m 

-,., 1  .. .......,, 



"['On thet ,,..tu n1 <> f puti c11!or c l- oft oonrtntoti.., e lemeots. We mu,t \l,. n,(on,t..,ru,,wl1attoventepttt.. ... uolt limitat-ignOO to tbetoobilructiftt�leme11tathe1noel1·<'t. Wo have al,...dy !"iu\00 out that clict-tn.i.n1 .,.., employod both fotr di r o ct aod renrnd motiont . w� ohal.l tint 010.mioe obort ly tlletnatuY'8 of thet reYerwdt1n.oliooof thet cliek-pieoe •ntdtheoorreopondin,; rdahvetlootionoof thetpo..,J o, o lick, If tht, c lick-pi,.,. <> be a wboc�it., re.-......i n>t.oti<>n gi,•.,. to the I"'"'! C . . . ., . • .  Z a!ao a motion oftrotatioot, tbet cooditiooe of ,.-ltich depo:ndup,,n tl'" po.rticu lufonu 11,ed fortl,atbeckofthe U>etl1 of «.t Thio may bot conoiderod, int th<,t moot 

F
r,:,i:\�Ji: :. ::;"�: .;�_•:;/•r;,:motion gi,·ei, by tlli o tpn>fl!o to tbet p•"·l 
�:: :.::e:i1�:i: :::"��!a,�i• �: :� 

1",. JKt . rw. d1uo of th� pa .. l OO made m.6n,te 11 be­- •  blook b (fig. 3t7), wbiob, with ouit11b\etf.,..,.,, looom, i1 cau..d to o li de to 1o d fn> in 1 t.u.ight 
li.nb;tilltform11\atis line by th,, cam .._ ll�re we h!we, u bdo"" • chain of tln·,.. 

. . ' 

c�. j . . .  1. ... l'! �::. 

Ilyplacingthioch.ain upootlle link < we obuina v�rynumerou• ,eri,. of "'""h.ani om.,, which we may eall a!i der- um traiua. Tl,e,..t .,.tvario\lllt ...,yo in ..-hi ch thetfur<>&-dotul'O of Z m&ybo r,,pl-i bypo.ir..:loou.,,, 011<1 0{ \h- iothe iul dition\o thoeru\ o f  tl\<1 l, lo ck ot pawl ,.-Meh i, po.irod with the con, of & e1lindrie pin----•0<1l..,,.nt-,tl1atit11, of"'hkh lho p rofi letil 1 eur�tequidiaunt to the end-poiol,-11 d that pairing of thio pin ..;1h at gn,o,·e 
in tho, com a, forml'<l by dR..;og equidi.otanta to tb<1 o riginal. p roffle, }'ig. 328 (d. § .'15). The totr ce- clooure of tbe paw l or blo ck b i1 there f o re oot &11 uoe o tialtfulure i n thet cam t r 1in, but on l y a 1 o p uahle aod ao ciMntalt ptoperty of i t t .We we� thtfflo,e folly ju.tiffed in the ornill&ion from our formull.. iotho l..i ...,tioo, of the aignfo, f or<>&- clooue. Wemu11tootgo further i�to thio qu .. tiQn 1,.,,..,; iit i• one which n,1131. teeeive 
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ntondc..J. t....tment u1>de, Applio<I Kin,lll.!tiea. It wu o,,ly 
,_l'Joloopointooutotl,•totheoclick-wheelo.,.-iU,oil•oohar;> tceth 
bclongsotrictlyotolhcocl- orollider-camotra;no, .. whichoonotheic 

part abo bt,oome, umJ.,, oert&in circumn•nooa, "l'm-wh,'<ll ,,.i,,s. 
We mnot now tum to oome con1pournl meduwism• which are 
fonncdofromoclick-goar.• 

§ 121. 

Ratchet-train$-t 

The comwoooforuui uf rotchet-gearoployooppa,cntlyoa oomewhat 
OUbonlinot<, put in macl,inery, ror ,.J,ich puh•f" thci, fom,-cl.,.... 
iuotiou,om.yoocronnl. Nonetheol- duo\l,eyro<iuireoouromcw,t 
OU!lfol •tt<otion,ofor rcMOJ1$ wl,ich I a!,all 1ho•oTTlrtlter on,a11d 
we ,.rn,tll,�rofo�ohcre wakeoou,...,Jveo farni\iorwithtl,ciroprincipal 
cltaract.,ri.tico. 

• n,,o.,-._.---...ue1, ... ..i,.t,,ibd-•1 .... _odlor.""'o((:'C,.� 

�iJ§fIE.I+.�����Ef��� 
°' S...U.,,,. (""°f,.....,, A!' !0, 1'14, p. Nl). Tho �  I'°' ..... loo,_ :::-:=i!."" 1<0,ffluuyo&1«a1•t to - ti••• 1,,. ,.,..,.,,.,.,. ,....,,oe<.,. 
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A pi&ce of a nmcluae i• oo.id lo! .....,;..., • Tatch.t DICltion if it 
bo!111<1....J! o.l.way,! in!tbo! D1nodirectiob! bulw:ith!an! inu,n:niw,nt 
i....-J!of a!coutinn01,11motion. Tbe!tpeoio.l.!n>llChanimi by whicb 
thia n>OCk>II io giTen ia eo.11,:,d • utchat-tuin. S\lCh • train 
requi"'" th.At the lib.k ....,;Ting the inU,rmitU.ntf<>ntattl motion 
ohould ho�Tnted dUJing tho lnngtt OT ohotter pan•!th&t """"' 
from n>Oving ti.ct ... r<11,-&11d for lhia purpoN click-pr i, very 
often!empfoyed. A Mtaplete!Tatcbtt-ln.in ia!tberd'on, fn,qn"1ltly,
o.l.tbough!DOto.l.,..r-, a combiot.tion Qf ntchet.-ge"' ond chck-g,.r 

The did: or «her gear tbw, comiD41 inl<> """! wo abo.l.l! eo.J.l 
retaining-gear

A furm of ntcloet-1.n.in •hicb ol\,an occurt i, 1ketched in 
hg.! 329,! the! ol,�! here! being!the! lini"l! of!the!rodu, The 
net click-t.rain (CPP.;), •hich we ha�• o.1,-ly uamined. ia 
h.,.,!nted .. �ing�, .,,,\ tbe Tat<:bd work Mnoi>ta of 
an eu,:tly oimilo.r! chain! placed! npon •,!•hoM! nock! a., ia! made 
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463 DOUBLE AC1'ING RATCHE'l'-TRAINS. -

one with that of the retaining- gear, and ,vhich moves relatively to the fixed frame c. When c1 is moved downwards the rack 
a a1 is held by the retaining-gear, while the pawl b1 of the ratchet­train slips over the tops of its teeth ; when it is lifted, on the other hand, bi, c1, and a1 behave as a single piece, while b allows the rackto move upwards.If, retaining the same relative motion of c and c1 as before, ,ve make half of it into absolute motion, we obtain the double-acting ratchet-train which is represented by Fig. 330. Here the two1·acks a and a1 are formed upon opposite sides of the same rod,and guided by an internal prism pair, 1'he pawl rods, c and c1,are moved by couplers from an equal armed lever above them, in the same way as before, (In practice, where the double-actingratchet-train occurs not unfrequently, the pa,vls are generally placed directly upon the working lever, so as to dispense with the couplers and rods.) No retaining-gear is now used, the twosets· of ratchet-gear acting alternately. It is to be noticed thatthe 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 travelof the rack to be the san1e, per period, as in the single-actingratchet-train. The " levers of I .. agarousse " (Fig. 331) form another double­acting 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 c, the number of teeth over which the one pawl slips corresponds to twice the distancethrough which the other (acting) pawl moves the wheel forward. This peculiarity of the motion should be re1nembered, as we shall have to return to it again. 
. ,ve notice here that free click-gear is very suitable for usein ratchet work. This is specially the case in one important classof rat�het-trains, the escapements of ciocks or watches. Theseact generally in the manner described in the foregoing section,by the alternate engagement and disengagement of a click with a click-wheel, the latter being continuously driven by someexternal force in one direction. The engagement and disengage­ment are caused to take place at intervals of time as nearlyunifor1u as possible, so that the escape1nent . 1nay regulate the 



motion of tbe!clookworic!by!compolling!ita.,.heehl.O move!throu.,oh 
equol.a1ogl.,.!iD!,quol. titnea. 

C..barn'• well·kuo,o·u """hor ...,.pemont (Fi�. 3:JS) may oene 
us for an!t1<ample of!thi& ln it!twof,..,!chclc-traiw,! ore! uni\ed 
in ■u�h a ""�Y that t.he two click• b, •ud b� the OIMI being a pnl]. 
andlh6!othor & JJU.!t-<'lick,!form!parto!ofdio!o,mepioce,hcn,!ca\led 

I 

/ ,
I 

an aoohor. The m-0tion of I.he pondu]UllJ. e>..._ the "'l!ular 
a\t.,ruate lifting ond! eng,,gcrneut! of! tha! clicki l(!the! dld.!b, 
bo lifted. b., falla int<, one of the •ra- and ..,,,.., t.l,o motion 
of!the!MC&pe-wbee�!npou ,.,hicl.,!lhe rlri,ing!fon:e!acto!continaally 
in!the•uw,!dirootioo. A1tbe!aochor!1w:ingaback, b1 il!dioeogaged 
and the ....p&--whoel it i,eld byb,. F.ch time the wheel ,nov .. 
throngb a !di,tanC<1! cor..,.pondiug! 1<1! half tho! ph.::h. r..ch! tooth 
of the wheel, as! it slipo past the!endo q or! • of Iha llll<:bor, 
exer11! oome! out.,ud! prea,u,e! npoo it, al'.ld o\ightly aeeel,nte■ 



465 ESCAP E1VIEl'{T�. 

the 1notion of the pendulun1. 1'his, ho\vever, is 1nerely an acci­dental feature of the escapement, used to adapt it to particular purposes ; there are 1nany escapements, especially 1nodern ones, in which it does not exist. In some escapements of specially delicate construction, such as the chronometer escapement, asingle click only is used, and is lifted and engaged once in eachcomplete vibration ( double swing) of the pendulum, allow'ing one tooth of the escape-,vheel to pass it at a time. In vVheatstone's chronoscope, as improved by Hipp, an escapement of this kind, . which acts ,vith extraordinary rapidity, is used (Fig. 333). Itis so const1ucted that it can make 1000 complete vibrations per second. In each of these the escape-wheel moves one tooth for­ward and is again arrested at the next. We thus see that in the most delicate machines ,vhich have been constructed this click­gear, which at first sight appears so rude au appliance as scarcely to be suited for any approach to machinal exactness of motion, is extensively utilized. Fig. 334 is an example of a ratchet-train with a fast pa,vl. If the ,vheel a is to. be moved it is necessary first toraise or disengage the pa,vl b. This is effected by meansof a tooth d1, which forms one piece ,vith the revolving ratchet­tooth cl, and lifts the pawl by coming in contact with theface b1. .  So soon as thjs occurs the ratchet d enters one ofthe spaces of the ·wheel a, and drives it one tooth for\,•ard. At the end of this motion, . ho\vever, the pa,vl again drops, the tooth d1 having passed the projecting piece br As soontherefore as the ratchet motion has occurred the click-train isagain fixed. The ratchet d d' rnay revolve in either direction, so that the ,vhe�l nuty be caused to n1ove either forwards or back,vards.If the radius of the ,vheel a be made infinite, it becomes, as we know ( cf. §� 6 9 and 71) a straight rack. We should therefore obtain,-if the ratchet d d1 were suitably formed,--a train in ,vhich a rack could be moved backwards and for,vards by ratchet­gear and held during its pauses by a fast pa,vl. 'Vithout going here into other forms of this kind of ratchet­gear, I must briefly look at one application of the train which occurs ,vith special frequency. This is its application in locks,­where from the comn1on door or box-lock to the most complex
K . H H 



" P111k11t. Mfetya"aopparntw,,~ wealindathioatrainaoserywh,reaoppliod i11t.heamotlon of the bolt bythe key. TI,0001nmondoo ... latd1, in theafirsta1,Jace, oho'"ai,..lf ataoDC<1 to be a rroe click,traiu under our definition. llotlt the oownwu lil'lingl..td, nd the 0<dina,ya•Fring-bolt or • ,n<>Ct," form,awith tl,e h,k-t•,x or fratll<,, the tloor-fmrne ••�I the door i11oelf,click­trai11,, whi�h belong to the cl- oh.own in Figo 3�\J ond 32! T!.,,y difl', r f«.>m t� only oo far 1h,1 aft,or the bolt 0< lat<l, hu fallcnintoa�earl"· thedo,in�of \hr door,tl,e """ht of tl,e bolt. 011atheaonoaha, .. \,aanda thea fr11mc ofatheadooraonatheaOlber,apN!,·eut "'Yafortheramotion ofatl,e dooraou 
::;::-,::�:: •hear,,,.. click hu 

A boll mo,·...J by a key i.o al­most im·ariahly • dicl-=k a of the f0<m I' . . . a. . .  P, , ,  11.., twol,ler i, a hing pa..,J b, "·hich i•arnadc in �.-en.I pi..,.. in the J.,tter d....,. of loclca for -urity'• aalte. The key io the ratd,ct ond lilli"l'l twt.h dJ,, the frame of tl>6 lock the fixed link,. Jlo,oi,l,. thi• the 1.,11 � funno ..-;1\t d,e lock frame 01>.l the doot'a ,pecial 

l 
r..,t click,tnoin 111a1!,,- l,,.k, in wl,kh ,,.,.,,,athato onealuruaof 1he key ia ""1.Uir«l Lo withd,,.w,aor to o]><IOI, the bolt,the r&ckaft i... ,nore than nne mkh,tan,l di,,k-tootb. In ord,,r toap,ev,nt any nnouth,.ri, ,! n1-enin2 of tl,o h· k, d,e \wk �r the 1,..;n whid, 
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467 LOCKS .AS Jt,,1 TCH E'l'-'l'lfAI.1YS. 

lifts the click and n1oves the bolt, i'..e., the key,-is 111ade separate 
ft·om the lock itself. 'The key in many cases serves only to lift the 
click out of gear, a separate ratchet, counected ,vith a ]1andle, being 
used to move the rack. Con1plex forms are given to the key and 
the tumbler in order to render it impossible, or at least very diffi­
cult, to move the uolt by any other key than that specially made 
for the lock. 

The acco1npanying sketch of a Chubb-lock (Fig. 335), in v;hich the 
different parts are marked "'ith the letters used for correspondiug 
parts in forn1er figures, may make this matter somewhat clearer. 
The action of other safety locks, those of Bramah, Hobbs, Yale, &c., 
are so far the same. The art of lock-making indeed, which has been 
the parent of · so mauy remarkable and ingenious inventions, has 
"'orked in its latest and most refined productions strictly in the 
spirit of kinernatic science,-it has_ followed its laws throughout 
\Yith the greatest precision. 

§ 122. 

Brakes and Brake gear. 

Brake dru1ns or wheels are links of kinematic chains,-made 
usually of the form (J • • •  I . . . R,-which serve to control or 
entirely to stop the motion of the links connected with the1n, 
by friction produced upon their surfaces. The blocks or band 
pressed upon the latter and the mechanisn1s connected ,vith them 
form with the drum a co1nplete brake. Brakes are applied both 
to· pieces which move in straight, and to those ,vhich n1ove 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 is in motion. If a drun1 
be used we have the pair (R), if the block acts on a bar or rail, 
the pair (P), and so on. Those brakeR therefore which are employed 
completely to stop a motion; are used to prevent th e action of a 
pair of elements, and this is done by uniting tbe partnerelen1ents 
in- such a way that kinematically theyt. may form a single piece 
only. Under some circumstances brakes act in exactly the same 
way as click-gear ; there is, ho,•,ever, this difference between them 
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\hath,1l,ecoo of!the! bn.ke! \he! two! e!emeu111! =! oowhined! l,7 
rnakii,gthe!n,ouon of!the poi• g,-,,duallymo"' and mol'C!difficnlt, 
tho unWn of th.l two ek,�nlll 0«:urring ,,.hen thio didlculty b<>-

llrak"" hrll"e tlru fortho• ,-mblance lo cliok-tniru, that one 
,L,.. or them a,· I "lually!11·e\l!f-,, motiun in either di""'tiooi, .. 
;,. the fut click-tmin, while U,- of another cl""" lik� tlro fn:,,, 
et"'k-trn.ino, are either •iugl�-.,tinl(, or oct. dilfeN1ntl)' in tho ,
dilfennt!di,.,ctiono,!.,,,0.,in tl..,!.,...!oftl,o!bo.OO-bruk"!i"Fig.�36. 
Jo tha follo11·ing .._, ction ..-e ,hall I,,, ablo lo inn,a\iga\e mom 
g,11cnilly!tl,.,,.,1'oiutoof!limilarity 

§ 123. 

Engaging a.nd Disengaging Gear . 

. -\mong tho conotru,·!ti,·o elem•nlll "·hicb! ...,, h•,·• con•idereJ 
th,·rcha•e!been ..-venl opeeially!amu,g,e<l and u..,.l oo o• t•> 1Wp 
the!acti<>n of!a part. of the UUlchiuo wl,en required. or lo!aet it 
agoin!ftee!to rnu1·•- Sw·h amui,;ernenl.8 ar, known .. engagin:;:
ond! di .. n;,'ai;i"3! l,""''· It Ll! ot,,-iou■ly irnpo,tant th•I �·e! ohou\J 



���� 

ho.Yo a!tli.dind !(<nerll i<lM of the o.lt...tinn• thu• oo,,ttring m 
tho kinematic. chAin, in onln thnTOT\�ily to undor,tond loo mcanlJ 
by which (h- tJtc-rstion• a"' effoct,ed. Wo ,hall eumine oome 
e:u.rnpJ .. of the!rnethode!oou,toou\)· 10,00 

One method V<Y<J f""lucntly a<lopte.l i> the separation of 
the e leruenh of  •n exiotin� pair, oo that!thoi-,iring!be\oroen 
th,m m•ybe!.i;-J,iod. Friction •'-'bo,!moved a omo.11 ,liol,,.noo
""•Y fl'OID-,a,ch!<>tber,- helt-tnt.in,!io,whkhthel.,lteanhe!loooen,ed 

•lll(agini gear. The moAI ..,mmon form of thio ia the dur clutch 
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orcral,,11,o th'" moot iU1portant '10Tietie,i of whlch!are!oh-Oq!i11 
}'ip. ,140 to 3-1�. The pj""" " i,, fiud 10 tbe ohofl. A,-,..J�t., b 
caoalide!upon R; Ill<, two ,hafl.o! ..,., 1h,u oonpl,J i(!the clutch 
leelb bo lll f<Mr, M r.ho ..n. TI,-�th,itwil! bo!.,,..n, ue fo� 
c•actly! ,.. ti.- of click-work. 'lbe two pieceo!a an<I!O in! fOl'l, 
forot!part..! of!a eli,·k-ln.in,!a!fo.<t.-train in tl,.,!fir,t! uarnple!aud!& 
f,.,..trainii, \h�!""""nd!(§ l19),!1<hi!e in 1hethinl""""th.,!dutch 
...,t, u • f-.click if tbe tooth l..,o�l to hair their do,pch only, 
and u a !fa,tclick if they be in full!gear. n,...,!c1a,..!dutd1ea!aro 
the.,,fom click• which """ thrown out of or int,, g,.._, -..-1,�u the 
drivenpi«e io to bo! otoppOO or to be! again! ..i! i!l! lllOtion. The 

rliffe= bciween tb<,m oncl the dick-traino beforo d...,rik<l is 
tha1he,.tbe!linl:!fonnerly fJxOOil!it,,elf! in motion. The!Nll.tiYO 
motion.&!in ti� trui,� ho ... -e.-er. ar-o e,actly .. befon, 

Such!coupliog,, M thoseof! l'onycr-Qucrtier!a1"1 l"hlhom• a,e in 
prfociplo oin1ibtr to!11,-.�hut iu them the!d>iven pi-, that<»•· . 
..,.poodlllf: to b in Fig. Jl\,!...,.ivOl it&tnotion from o ...,.,1><.!prime 
mover, an.l ir it bo! ,t<>ppeo:l it.s! tooth di""n�! the,o..,Jv .. st'1<>­
maticalty from th°"'" of a, whfoh then •li<le f...,Jy n!l<ler them. 

ln!f,ie1io"! """Pling,>, of!whieh! Ollo i,! re�nt.,.J in! Fig.3,13, 
oomo •""""8""'"ut (such! "" that ■h<>wn) is!�mployo,1 t,;p,m b ■o 
cJ-:ryogain,t!4-tbat! tlt�!friC'lion! bel"'""D! lhcm! i,! g�e!thau 
the rooi,t"""° to thnmotion of b, which the,,.,fON mov"" M me piooc 
.,.;th the d.tving oh.rt A. The co,,pling t. dioengag<)d by tho 
remonl of the P'"""""'· Ap,ut from the epecia\ pn� ro, 
,.·hich a is uoedwe have here oimply a htalte,!llOO thia ia trun 
o.1,..!of!other frie1io11 ooupliu�._ 

• � .,. !Mt«k_..o!;,,!-.,,i...,..;tJ,!- n., .,. - •-­
oul!. io!dri .. b1! <- """'"'6!priMo!_...., ...,!.,. .. _..,_! ,�,!u .. 
...,.... .. o1!-or!...,.._ ... ;,-.!..;th! u.,!_tl>....._!......,_ ot tw .i..tt, 
dri,-1M0"1!""'-oo!,.! 8otJ.!- oi NOpliaso,_in-.,.,._il,!lt<o,I-•"• 
�.!Srd.!r.J.,.,:.,a..! 1r....,.._.,.-.,,.. • .,...� 
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We!thu,oee!tb.al!lhc...,!loooe!«>npl;n�lc,,b<l!ll. M ncebani.,m", ,
.,.. elick-1rain, or �,,.k.,._ but thu lu,t<-a,l of combinOn)[ a mo,·i,'l'( 
w;tl, a!,t.tio,.,.,y p;ec,,!theyare u,«l.to!1n,it,,\wo!u,o,•;n� pie<,-.., 
"" to their odio11 in th� ,_hani,ru •• a wloo!o "" oolic., l\,.t 
"·heo tho p,n,, to boooupl,..I!..,, e�, or put ;,. g..,, ,.;th .,,e1, 
othu, they boeomo kinemo.tlcal.ly OJl.e pieoe only. The •hlfla A 
and B 1-,m,o in thio woy o oioglo ohaft C ... I ... C, whil4 
t.fo,.. they •ro <'(Jo,pl-,! """h one o,pamt<,ly formo ""'h o •hal\. 
TIN, cug•g,c,ment t],.,,-.,f°"' ro-rm, .A oud R into Ol>O link of a cho.io, 
while u,. di.,ngag,meot ogaio °"1-"''"'I"" the pa,;,, or elemeoto of 
U,io liok. Dioengagement and cngag,,menllheo, hy oo,e.h mrlh<:>rl•!" 

h&ie b,,on d..,rib<rl,!aro ""')""\inly the oepuation and! ••· 
union of  tho elomont■ o f  a link of! • Hoetnatlo d,ailL 

Tho!variow! oouplings Ul!l'(\ in!tl,io ,n,ym•y be 0,11,dind,<l!a,,, 
<:<>1'ling to !be!IIUUlner in!1.-hich the p1rU of!tl,cliuk 10<»e.!oraro 
COlnJ>-ll<,J to!,,..,.,, motion, afkr tl,�ir ""!"roliD<l ; ., way al,o tho 
coup!iu,,,. t.,f...,!J,,..ribed. lt i• the!provi= of AJ)�\leJ Ki,,.._. 
IDOt.ica to ,u.Ulllla oil th- matl-en, here "" mu,I he 00111.eot witb 
tl,a .. 1•hlillhment of!the!s,,,,,.,..\ priooipl.,.!of!their roo.tructinn 
1 <-ionly!fmtl,er mrntk,i,!tl,..t!mony of!tho!oo,i\riYauooo!ni1ed10 
('Te,,·,nt tbel""""11i11g of uut, or l.oys are clil'k.trains of tli� kiwi 
h<re!d""°"bcd 
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4i2 KINEMATICS OF MACHINERY. 

§ 124. 
Recapitulation of the Methods used for Stopping and 

Setting in Motion. 

We have seen that disengagen1ent and engage1nent may be usedeither in a pair or in a l ink of a kinematic chain. Its object is in each case to bring to rest, or to set in motion again, son1e portion of the mechanism. Remembering at the same time that click-trains and brakes often serve the same purpo:'le in connection with the ,vhole mechanism, it will be useful for us to recapitulate here the principles upon which the different methods used for stopping andsetting in n1otion mechanisms or parts of them are founded. We have already noticed that cli0k and brake act upon the ele­ments of a pair in such a ,vay as to unite them into O'lle body. }:;ueh a union of an element ,vith its partnar we may call the f ix­ing  of a pair. Remembering this, we see that the stoppage of a mechanism or of a portion of one is effe<;ted 
(a) 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, thro,vjng off belts, liftincr a " aab " etca)b b ' • '(c) by dividing a link in the kinematic chain (as in chnv-couplings,-in throwing off pump-rods by removing a key, etc.),-

wbile thi original motion again becomes possible if th� chain be restored to its normal constrained condition. We shall see imme­diately that this classification applies equally to pressure-organsa; itcovers therefore the ,vhole ground which ,ve are examining. Ageneral examination of the ways i n  which i t  is possible to make a kinematic chain immoveable and moveable at will, ,vithout destroy­ing any of its parts, makes it evident that in the classificationgiven above we have exhausted all the means available for this purpose 

.. 



"VAL VES. 473 

§ 125. 
Pipes, Steam- and Pump-cylinders, Pistons, and 

Stuffing-boxes. 

Pipes are, as we have already seen in § 41, the indispensablepartner-elements of. pressure-organs; the connections bet\veen them serve to form the links of the kinen1atic chain in which theyoccur. In the cylinders of steam-engines and pumps we have the vessel v- containing the pressure-organ ; they are the ref ore single elemP,nts, paired with their pistons or plungers V+. Piston-rods and stuffing-boxes are partly paired with pressure-organs and partly occur as simple sliding-pairs p+p-_ In the tubes therefore wehave necessary, and in the four other constructive elements most familiar, forms of pieces which are used as links or as single ele­ments in chains containing pressure-organs. They include, essen­tially, the chambers of rotary engines and pun1ps, the channels or races of water-,vbeels, 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 for1ns are so extremelynumerous and varied that they seem to correspond more or less con1pletely with a great number of different cases, without belong­ing entirely to any one of them. There are clacks, lifting-valves, piston-valves, tapered, cylindric and flat cocks,-the. slide-valves ofsteam-engines,lifting and sliding equilibrium-valves, automatic valvesand those which are not self-actinge; there is the throttle-valve, theshutters and sluices for water-wheels and turbines, and manyothers. All these are valves; they serve, that is, to divide the capa-. city of a vessel containing 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 wouldbe impossible to treat the1n all kinematically as one class. So far as I know, indeed, no attempt has been hitherto made to do this, 



4i4 KINEMATICS OF lrIA CHl1VERY. 

,vhich rernarkable on1ission we probably O\ve to the fact that the pressure-organ n1achines have been almost entirely left without kinematic treatment of any kind. I have elsewhere� attern.pted aclassification of valves according to their constructive characteristicswhich may be of service to us so far as it goes. It is as follows : 
1.  Valves ,vhic h slide, including 

a. Cocks and disc-valves, 
b. Slide-valves;2. Valves ,vhich  l i ft ,  including 
(ri). Clacks, hinged-valves, 
(b). Direct lift-valves. 

I gave as the essential difference bet,ve&n the two classes that the fluid pressure upon the sliding-valves had no tendency either to open or to close them, ,vhile 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 s0me extent belo\v the surface. It is, however, by no1neans exhaustive. It is founded on an exau1ination of its subject from without and not from ,vithin, and so fails ,vhen it is carried to extreme casesa; in reference, for instance, to those lifting valves,vhich are completely balancecl, and ,vhich therefore do not possessthe property above named as that characteristic of lifting-valvesin  general. 1'he 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 gjves no indication of the position of the valves an1ong kinematic arrangernents. Now that ,ve have familiarised ourselves with kinematic ideas by  a series of analytical exercises, it i s  possible to give a definition which really goes to the root of the matter. It is this :-Valves and  their con nee tio n s for n1 the cl ick-trains, and under certain  circumstances the brakes, of the pressure-organs. Among these valve-trains also both free 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. Thesliding-valves and the balanced-valves above alluded to are fast 
* Co,istrnctionslekrc fur den ,lfaschincrwau, p. 846, ct seq. ; Constructeur, 3rd 
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480 KINEMATICS OF ..1.\fA CHINERY. 

§ 127. 
Springs as Constructive Elements. 

,ve have already examined the function of springs in kinematicchains. vVe found (§ 42) that they were flectional kinen1aticele111ents, and mi�ht be arranged so as to work under every kind of force-closure, ,vh.ile the tension- and pressure-organs could beused with one force-closure only. Along with the parts attached to or connected with the1u springs beco1ne kinematic links. Itfollo,vs unquestionably fron1 our earlier examination of the matterth,.it they should be reckoned a1.o.ong the constructive elements. 

§ 128. 
General Conclusions from the Foregoing Analysis. 

The foregoing analysis of the constructive elP-ments of machineshas given us so1ne not unimportant results. It has sho,vn 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 kin en1atic elements (pins, bearing-blocks, tubes, pistons, stuffing-boxes, cords, belts, chains, springs), in part . l inks of kinematic chains (shafts, axles, fran1es, levers, cranks, connecting-rods, cross-heads, stea1n-cylinders, &c.), in part completep airs of elements (friction-,vheels, toothed-,vheels) ; -some too are portions of kinematic chains (belt-gear, click-gear, brakes, moveable couplings and disengaging-gear, valves, &c.), and a fewcomplete k inematic chains  (screwed and keyed joints). Look­ing at them as a ,vhole ,ve rnay dra.,v the general conclusion thatthea" constructive elements " are really those pairs  of  e lements and  kinematic links ,vhich are n1ost frequentl y  used. For some of those ,rhich are cornplete chains in themselves, such as the scre,ved 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 ele1nents ranonly 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 
1nore 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 cannot, 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. 

It 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 compron1ise ; 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 distinct separation than 
has hitherto been usual between the rigid and the fiectional 
elements. vV e 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 combination, therefore, is not to.be rejected 
simply because it contains more than a single element, or a pair 
of elements. l!"or our purposes those combinations in which no 
lllotion 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 then1 come 
the kinematic elements, pairs and links which give us simple 
�oveable connections. Within these pieces themselves also the 
immoveable fastenings very frequently occur. 

Arranged in this way the following will then be the first series 
of constructive elements :-

K I I 
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I. Rigi d Elements. 
Rivets and riveted joints, f Keys a.nd keyed joints, 

a. Joints (for forming links). Strained joints, 
l Sc�ewsaand screwed joints, pass­_, 1ng into ·
: Screw· and nut (used for their 
; motions),; Pins,i Bearing-blocks,Shafts and axles, Fixed couplings, I...evers (simple), 

b. Elements in pairs or in links. , Cranks,Levers (compound), I Connecting-rods, · Crossheads and guides, Friction-wheels,Toothed-,vheels,Fly-wheels.
\Vhelher moveable couplings and clutches should not be treated along with fixed couplings may be questioned, for "'e have already seen that in general, when their parts are in gear, they simply form parts of rigid links. It must be remembered, however, thatthese highe:r couplings contain in themselves numerous subordinateparts, levers, clicks, brake-blocks and so on, and present on this account gl'eater difficulties to the student than the others. For the same reason they require, to a considerable extent, a special treat­ment dependent upon the nature of their details, and we ar� therefore justified in placing them rather among the complete mechanisms than here. Let us now go on to the second cl-:i.ss of constructive elements, and their simplest arrangement in chains. 

II. Flectional Elements. 
and their arrangement and used with chain-closure. Cords . . 

a. Tension organsby themselves Belts 
1n gearing. Chainsa. 
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Pipes, . j Pistons and plungers, Steam-cylinders and pu_mpbarrelsb. Partners of pressure-organs. · and chambers, Stuffing-boxes,Valves. 
Tension-springs,Pressure-springs,

c. Springs. Bending-springs,Twisting-springs.
We have here another doubtful point, whether, namely, the valves should be included under II. b, or whether they should be.placed in Class III. 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 strictlyspeaking belong to click- and ratchet-trains) so naturally, however,and have been so often treated along with them, that the arrange­ment adopted will be on the whole the most convenient. The case is one of those in which logical completeness must besacrificed to considerations of expediency.Springs are obviously in their right place among the constructiveelements in II. c above. The calculations connected with them fall to a very great extent, however, into the studies of elasticityand the strength of materials. Whether they be treated there or along with the constructive elements must depend upon the cir­cumstances of each particnlar case. . We may conclude our list of constructive elements with the few which are more or less nearly complete chain� but which almost always occur in machinery as whate·· may be · calledelementary groups of parts, and which for that reason may be conveniently treated along with the · parts more strictly included under the name of constructive elements. 

III. Trains. Click-gear in its simplest forms,Brakes,Moveable couplings and clutches. 
I I � 
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These for1n a kind of tl'ansition fro1n the constructive ele1nents 
to the complete machine. It \vill be remembered, however, that 
these three classes of trains are not the only ones occurring among 
the constructive elements. '\Ve had, for example, the screw-train 
(S'P'0')0 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 brake -trains ( cf. § 123) 
,vhile the moveable couplings are mechanisms formed fro1n lower 
pairs of elements. 

Our investigation of the constructive elernents fron1 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 ,vill 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 
bet,veen many of the characteristics of these machines, and have 
thus greatly aided their comprehension. They enabled us to 
define relationships ,vhich 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 ,vill 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 tl1e 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 
co1nmonly 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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Our investigations ·have, lastly, furnished us with a most in1-
portant theoretic result connected "'ith the general nature of the 
closure of a kinematic chain or pair of elements. They have 
sho,vn us that in every description of kinematic chain, from the 
most complex to the simplest, ,ve 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 itself, and that proper pairing occurs bet,veen each 
link and its 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 ,vith the 
object of preventing motions talnng place within any single link, 
or, in other words, for making separate pieces into one link. The 
common constrained closure lies bet,veen 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 i1nportant 
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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