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. N Y

o
i

T Schewle referee o v these Betters Patent wwd making pact of fhees it

" Be it known that I, Epwarp N. DICKERSON, of the city of New York, have invented a new and useful
Improvement in the Valve-Gear. of Steam-Engines which, when in use, require to be reversed, the object of
which improvement is to remedy the defeets and retain and. improve the advantages of the “link-motion,” as
10w commonly used. - - . | |
" At the time of the introduction of the “link-grotion™ by Mr. Stephenson, all steam-engines which worked

steam expansi?z_ély did so by the uzo of some fopft f
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of independent cut-off, the most simplo and effective of which
was a.slide working upon the back of ‘the mdin valve, and slternately closing’ the portsYhich passed through
it. ' In locomotives this form of cut-off was sometimes mado adjustable, through a portion of the stroke, either
by altering the travel of the cut-off slide, by increasing or diminishing the length of the rocker-arms, which
transmitted the motion from the eccentric to the slide; or by dividing the slide into two:parts, and, by means
of a screw, separating those {wo parts to a greater or less distance irom a centre-bar moved by the eccentrie.
In these two forms tho indépendent cut-off retained o value in the estimation of some. locomotive-byilders
- wboye the “link-motion”’ for several years, but finally the guperiority of the *“link-motion™ over all forms of
the independont cut-off has been universally acknowledged, and 2ll locomotives are now constructed with that
apparatus, or ah c¢quivalent of it, and without an independent cut-off. |
The-advantages of the “link-mation,” which have thiis brought it into universal use, are two: first, that it
forms a cut-off variable from almost full stroke to.about ono-fifth of the stroke, readily adjustable by the same.
Iéver which Toverses'tlie cngine; and second, that, as a reverser, the link holds thie main valves at sll fimes in
positive connection with the hand-gear, so that; in the attémpt to reverse the engine, there is no_possibility of
a failure of the motion of the valves, if the roversing-lever is thrown into the proper position. The *link-
motion’ also has the merit of simplicity. | | | B -
The main disadvantages of the “link-motion’ are four: first, when used &3 & cut-off, it is usually seb to
open the -steam-valve before the piston has reached. the end of the stroke, by reason of which the steam 1s
admitted to resist the travel of the piston before the stroke is completed; second, it contracis the opening into
the eylinder very gradually while cutting off, In consequence of which the steam is ¢¢ wire-drawn,’’ and thereby
loses o considerable part of the boiler-pressure before it acts upon the piston; third, it opens the exhaust-valve
t00 soon, and roleases the stcam from the cylinder before it has expended its force in driving the piston to the
end of the stroke; snd fourth, it.closes the exhaust-valve, through which tho steam that has already performed
its work is escaping, beforo'the piston which is driving it.out of the cylinder has reached the end of its stroke;
in consequenco of which the steam, which has done all the work it is capable of doing, is confined, and com-
pressed by the piston, in the end of the ¢ylinder, resisting its motion aﬁd.fcrmiﬁg what is calléd a ¢“cushion.”
The first of these disadvantages causes & total loss of the entire power neoessary.to force back the steam at
boiler-pressure during the period of prematuro admission, as well as of the friction upon the journals for the
same time. If that admission is for one-half an inch (it gonerally is more) of the stroke of the piston, {(or one
forty-cighth part of the stroke,) and the steam is of the ‘pressure of one hundred and thirty pounds tp the
aquare inch, the-loss of power from this disadyantago will be équal to two and three-fourths pounds to the square
inch, average pressure, for the entire stroke, which is about seven per cent. of the ordinary working power of
s locomaotive. ' | : ' ,
" The sccond of those disadvantages causes a loss of all the elastic force, of which the steam is deprived by
being squeczed through an aperture.too small to permit the passage, at "0iler-pressure, of the quantity needed
to fill the eylinder as the piston moves. Tho awount of this loss varies With the varying sizes of the ports and
the ym-yir;g spoed of the piston, but it i3 not less-than ten per cont. of the whole steam power of the locomotive.
The whole amount of. the Joss from this cause is not exhibited by an “indicator diagram,’” because the water,
which is mechanically suspended in the steam, and carried with it from the botler into the cylinder during the
«wire-drawing " process, (but less of which would be carried if the port were sufficiently opened for a shorter
- time,) produces no §ensible effect upon the indigator. ' o
- The third of these disadvantages causos o total loss of all the clastic force remaining:in the steam, which
might be employed in driviig the piston to the end of the stroke, if the exhaust-valve were kept closed until
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naar that point, Tha amount of this loss varies,. In extreme cages, when the avémm cylmdnr-pmsanrg is
high, the loss amounts to full six por cont. 1Its averago is not less than three per cent. of the workmg powcr'-
of the ordinary locamotive.. | | |
The fourth of those dlsadmntwes tlto ¢*cushion,” causor 2 loss which varies with the speed of the enging,
the amount of ““olearance,’” (or vacant space between the piston at-tho end of the stroke and the valve,} aud
the size of the exhaust-nozzles. This loss ineroases rapidly as the rapidity of tho strokes inereases, and the
necumulated resistance from this eduse, at high velocity, practically-fixes a limit to the =pw=l of a locomotive,
In locomotive-cylinders, with the usval ¢ clcarance, the absoluio loss‘from. the *cushion” averages seven per
cent. The olcarance i3 an evil unavoidable in connection with the ‘“link-motion,” but in en aines provxdml with
my valve-gear, and with 2 clearance diminished to the practical minimum; a saving of full twenty per cent. wili
be effected, in cnnaequence of avoiding the “cushjon.” In stating that the a:bsolute loss from the *‘ cushion®
averages seven per cent., proper deduction has boen made for the reduccd ratoe of expansion of the steam whith
is drwmg the piston, incident to the lngher mean pressurc roquired to overcome the resistance-of the “cushion,”
‘and proper sllowance for the re-expansion of the cushion stcam, and for the' aavmg.hy filling-the “clearance.’”
By the use of:my impirovement, the steam-valve is not opened: until the piston reaches the end of the stmke,
or a little later, and is then opened very graduunlly for a short time. While the stenm-\ralwe remains open, it
supphes the eylinder with steam, without any material reduction of pressure in couaequcma of a contracted
opening. When the cut-off slide closes the port, its motion is so Fapid as to be prnctwnlly mstantaneous The
exhaust-valve does not release the steam until its foree is eﬁ'ecbually expended, and then it opens so raptdly a3
to relense the stegm instan ly, and the ‘opposite exhaust-valve does not close until the piston has reached the
extreme end of the stroke, so That no “cushion” is formed, "Thus all the dzsadvant&ges of the 01'd1nary “Jink-
motion” are remedmd, and all the advantages of the ordlnary “Jink-motion” are retained by means of @ link,
“whioh reverses.tha engine, but which is so constructed as to reduce the wear upon itself and itd cmmectm‘hs to
an amount practioally no greater than is incurred in the valve-gear of -an ordinary stationary engine ineapable
of being reversed. | | |
When the piston is at the ond of the stroke, and the erank on the centre, it is apparent thit:nd power can
result from the application.of stenm-pressure upon the piston, but the friction npon the journals and erank-pins
of an ordinary locomotive; during the first five degrms of the revolution of the engine from tlie centre, absorhs.-
‘more power than is gendrated by the motion of the piston during that time; aldo, the sudden-admission of
steam into the eylinder producss a shock upon the crank-pins-and journals like the blow of a hammer, making
it necessary to reduce the’ slagk of the connections by driving the keys hard, in consequence of which, great
friction, heated journals, and rapid destruction of the brasses, aro produced.” With the lmk-mohon, when
working at or near full streke, this sudden admission is not neutralized by a cuthdn, therefore thé.engine must
be- Leyed up-very close for that position, and when the cut off is short; and the cushion does prevent the shock
of sudden opening, the keys are still tight, and tho friction is aunmented by the resistance of one piston against

the other, noar the centres. - The remedy of theso cvils is eﬂ‘ec;ed in’'my improvement by admlttmg the steam

through & graduated aperture, and “mre-drmnng it during the time occupmd by the crank inmoving thraurrh :
the ﬁrst few degrees of the stroke, when full pressure on the piston woulll be injurious. This gradual mlmrsswn' '
of steam cannot be used advantageously in combination with the ordinary “link-motion,” because, when the
link is entting off short, which is its ususl operation, the gr aﬂunl]y-accumulate& “ cushion” imposcs o pressuie |
‘upon the piston before the steam-valve ‘opens, and ther eby prevents a shock, and renders a graduated cpening
for the admission of steam useless for that purpose, while, at the’ same time, the slow closing of the graduated
valve “irire-draws”’ {he steam at o time when its pressure is nceded in the cylinder, and. tlwmb) causes an
shsoluta loss-of poiver, but in my combination, where the eut-off is c¢ffected: by an mdependent shde, a gradaated
opening may be nsed without loss, dand, there being no tepdency.to a blow or shock, no ¢ eushtun I8 needed to
anticipate and prevent it. Thus the dlSﬂdV’t'ﬂtﬂ"-"&S of th2 premature admission of stcam and of the “cutlnon
may be remedied. |

" TIn the ordinary ¢“link-motion,” when usod as a cut-off, tho valve opens the port to a very limited extent,
and" very rapidly, bat closes.it very slowly, in consequence of which the piston travels five times as f'ar whilo. the- "
yalve ig closing as it travelled while it was opeding. The cffect of this. rclatton hetween the motions of tic
piston and the valve is to “wire-draw”’ the steam and diminish its power. In my valve-gear, tho ain valve
continues to open durmg tho first seventy-ﬁva degrees, more or.less; of the revolutmn of. the erank, as in the
old-fashioned lap-valve arrangemont, so that steam is.alwnys supphed in proportlon to the ﬂemu.ml of the cyhndor,
if not otherwise cut off or suppressed, but my ent-off valve is so arrangod as to closo with almost instantancous
velocity, which is not reduced or affected by its atlJustment to dtﬂ'erenb points of tho stroke. By this means,
the dlaadva.ntarre of “wire-drawing” is remedied. |

In the ordinary “lmk-mntwn," the point of cexhaugt varies with the point, of cut-off, thcreby releasing the
' gteatn earlier, as its quantity Uimianishes; whereas, if a variation in the timo of exhaust were demrable, the
‘greater quantity should be released earlier. In my valve-gear the point of exhaust is fixed in the construction
of tho machine, and may be set to the best advantage. In all eases, the oedinary “link-motion,” . when used as -
a eut-off, exhausts too early for cconomy, but, by separating the ¢ut-off valve from the axhauat-valve motios,
this evil is remediéd.

In the ordinary “link-motion,” the ¢cushion” is unavoidable. In my valve-géar, the blow or shock being
prevented by the gradual cpening, as before stated, the eXhaust-cavity of the mais valve is chm,,al:ed 50- i;lw.t:j
both exhaust-valves will be opon af the same time near the cnd of the 5troke, and T make the bar of the valve,
whlch covers the pnrt only as wide as the port itself, (linc and line with 11:3) g0 that the exhaust-yplve daes not

v until the staam-valye opens, which is at or after the end of the atroke. ‘Thus there can boe no aceumulation
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the crank-pins. This sleeve N surrounds the shaft, but is a loose fit, so that it may be turned npon it. In the
middle of the sleeve there is a slot cut, about two inches 1v1dc, and running around the pipe in « plane at right
snglos to its axes, for one hundred and. thirty degrees. The object of this slot is to allow the pin W to Le_
sereawved into the shaft, and to permit the eccentrics, notwithstanding the pin, to be moved arcund the shﬁft for
one handred and twenty degrees. When the eccéntries arc at right angles to- the eraunks, and ahead of them as
the englne moves forward, the pin IV shﬁuld be SCrew ed into the shaft at the baek endof the slot. 0 is the
adjusting-sieeve, which fits outside the pipe N, and is:made in two semi-cylindrical halves, bolted together. On
the inside of this sleeve two spiral grooves are cut, as sech at Figure 5, whicli are intended to receive the end of
the pin W, which projects beyond the pipe N about an'inch and a half, and also the block X, which is fixed upon
the iaside sleeve, at the end of the slot crppomte to the pm, as set. When the sleeve O is moved from end to
end upon the shaft, the pin W and the block X traverse the sI\lml grooves from end to end, and are brought
nearer togcther, or removed farther from each other in the direction of rotation. But as the pin W is fixed in
reference to the crank of the engine, it is apparent that the cut-off eccentries must change their angular posi-
tion to the cranks, as the. pipe to which they are fixed is forced around the. shaft by the sp1ral erooves acting
upon the block X, and so an adjustment of the cut-off will be offected through as many degrees ef the revolution
~of the enginc as thc spiral grooves diverge fmtn each other. The travel of the cu't-off shde M. is eight inches,
being an increase upon the throw of thc cceentrie, produced by a difference in the lengtn DE' the racker arms.
‘T‘m point at which the cut-off will bo effeeted varies about an inch and o quarter from the centre of the travel
of the cut-off ':];de., so that the centre lino of the eccentric must be very nearly at right angles to its rod when
the- cut-ofl is effected, and, therefore, must throw the- valve, with nearly its highest velocity, at any possxble
point of cut-off, and by adjusting the lengths of the cut-off slide and cmn«t.n';zmﬂr--r{:rﬂslf the very highest velocity
will be s¢dured at the point of usual ka with very little diminution of speed for all other points of cut-off.
The longer the travel of the cut-off slide, the more perfect will be the cut-off, but eight inches arc enough for
| :11_1 practical purposes. | |

For the purpose of placing the adjustment of the cut-off within the control of the engine-driver, a strap, Y,
18 passed In o groove around the sleeve 0, similar to an eccentrlc-stlap, but with one hinge-joint, for the sake
of convenience, instead of two bolted Jamts. At Gppomte points in this strap two pins are fixed, Z, which pass
throu;:rh holes in the two ends of a reversing:clutch, P, which clutch is forced from one side to the other along
thé pipe, by a vertical shaft, @, which hds a projecting block on one side of its axis, that fits enaﬂy into a mor-
tise in the arm of the clutch P. The shaft Q is vibrated from thé foot-board of the locomotive, by means of a
lever and bell-cranks and rods, connécting with it in amanner well known to enﬂmeers for analogous purposes,
the shifting-clutch being an apparatus Well known, and used in England, on some locomotives, for altering the
anguiar positien and ﬁhrm'f of the main eccentries. Other meana for varying the angualar position of the cut-
aﬁ' eccentrics, when in motion, may be used for the purpose of effecting my method of cut-off, but I recommend
this device, in preference to any other I know of, for s:mﬂar pur'pos&s, because it completely—pmtacts the spiral
apparatus: fmm exposure. | |

In order to enable engineers to construct my link-motinn, and apply itin 411 varieties of situations, sheat 2
is prepared, exhibiting five various positions of tlfe centre-lines and centres occupied by the eccentrics, connec-
tions, links, and valves, in an entire revolution of an engine. .. The colors, yellow; blue, red, black, and green,
indicate the connection between the valves and their connecting parts throughout. TFig. & vepresents & case
§imilar to the drawing en sheet 1, where an intermediate hanger and rocker-shaft are employed between the
link and the valve. Fig. 2 rcpresentq o case where the link-block is fixed upon one end of o rocker-arm, and
the ¥alve is worked from the other end, .as is usual with the ordinary link-motion.’ ,

In constructing 3 valve-gear, the draughtsman should first determine the length of the link whieh he would
“esira to use, as it dcteimmes the length of the radius-bar, which, within certain limits, bears a constant propor<
tion to it. The length of the hanger or rocker-arm, upon which the block is fixed, should be from twenty-five
to thivty three per cent. of the length of the radius-bar D, which suppérts the centre of the link, and the ¢hord
of the lower segment of the slot in the link, from the centre-pin to the end of the slot, must be of che sams__
length as the hanger or rocker-arm, from its centre to tl'le centro of the block, with onc-half the length of the
blﬁclc added. For very fast engines, the larger’ proportion is better than the smaller, because a greater lead is
thereby effected upon the exhaust-valves; but the proportion of lead is a matter of judgment far each con-
structor. - When that proportion has been determined, the centre of the banger or rocker-shaft can be fixed by
weasuring from the ccntre of the shaft, a distance as much greater than the len gth of tlle hanger or rocker-arm
as that proportion requires, and from-the centre-of the siaft A, an arc of a Cll‘ulE, @ ¥, should be drawn, atthe
distance of the centre of the hanger or rocker-shaft. Upon that are, say at 1, the centre of the hanger or rocker-
shaft must be established. - From that eentre, with & radius equftl to the djsmnce between the centre of the
hanger-pin or rocker- shaft and the centfre of the bloek suspended st the lower end of the han ger or rogker-ar m,
describe an arc of a cirele, 14 15, intersecting the main arc at 2; and extending either side ef it, somewhat fur-
ther than the éccentric throw. In this arc the centre of the block will always travel. From the point of
intoraection of these two ares, 2, descube another are, -6 7, with the same radius, and the same general dimen-
sions. The principal are, z g, will be the track of the centre of the link, as it is raised or lowered in reversmg
the engine; the first of the small ares, 1415, will be the track desci*lberl by thé ceatre of the block-pin wheh

the engine is working; the second of the small ares will be the track described: by a point in the lower end of

the lmk, as much below its centre as the centre of the block is belotw the centre of the ranker-arm when the
link is in-its middle position, and the block is pmmanent]y held with its eentre colrncidenb with tie centre of
vibration of the link. In this position draw the line 2 11, which will be the chord of the are of the link. when
sonstructed, and which is Of the same lcngth as the hanger-arm. From the- -point 11, and at*right angles to the
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of steam or ““cushion’ in the cylinder at the end of the stroke, nor can watér be.caught in the oylinder, nor,
when working through the engine, will it produce any jar or-concussion. In the accompanying drawings—
Sheet 1 represents my valve-gear for a locomotive-engine, drawn upon the scale of one-eighth the actual
size; and | | | | | -
) Sheet 2 represents the geometry of my link-motion, in 2 variety of positions, upon the scale of one-fourth
the actual size. o | | | | | -
‘The same letters refer to the same parts’throughout. I
In Figure 1, sheet 1,5 represeats a pars of the engin&i‘fu-mc of an eight-wheel locomotive, with the cylinder
aitached, and with one driving-wheel, shown in red-ink. The engine is represented on tae after centre. A'is
tha shaft, B is the 'main eccentric and rod, C is the cut-off eecentric, and G its rod. ' is the link, which is
caqnected,'-as usual, with the eccentric, B, at one end, but the other end is free. D.is a radius-bur, which is
suspended by 2 strap on the main shaft, around which it vibrates in reversing the engine. The link L is sus-
perided by the pin T tc the end of the radius-bar farthest from the shaft, in the same manner as the ordinary
link is suspended to the reversing hand-gear. I is a hanger, the upper end of which is suspended upon the
frame by o pin, upon which it swings. To the lower end of this hanger the ordinary link-block is suspendad
by a pin, which passes through it. Fis a connecting-rod, which connects the hanger:and block-pin with the
main rocker-arm ¥, to work the main valve L, in the usual manner. o |
Figure 2 is a section through the block, connecting-rod, and hanger-end, showing how, for greater rigidity,
the end ot the connecting-rod has a hollow pin forged upon it, which passes through the blotk. From the centre
of the main shdft to the centre of the link-pin I, through the radius-bar, the distance is thirty inches, and -
from the cenfre of the eccentric to the centre of the pin U is twenty-seven inches and féur hundredths. From
the centre of the pin U-to the centre line of the link is 'threq_and‘om-eighth inches. The hanger is eight inches
long from centre to centre, and the link is cut'in a circle, the radius of which is twenty-eight and one-half
‘inches to the centre line. The throw of the eccentrie is five and. one-half inches, and the-trayel of the main
valve four and .o half iuches. The tumbling-shaft K is connected with the certre of the link in the usual
posfitidn, but around the.hub of the radius-bar, and by its vibration it elevates or depresses the link to the
required positions, in the usual manner. e - - I
‘Figure 6 represents a plan of the ports and vilve-seat. The steam-ports, instead of being rectangular, have
their outside edges formed in the shape of an obtuse Vv, the point of the v projecting half an-inch outside of
 the usual edge, and the widest paut of the V being seven inches across. The triangular opening thus formed
ought to be-one-ninth of the travel of the valve in length, and one-half of the width of the port, but this-v-shape
may be made in the inside edges of the passages through the main valve, and the ports in the seat left rectangular.
The proportion here given is suitable for engines makingone hundred-revolutions s minute, but for slow-moving
engines this v-shaped pert may be more obtuse without producing a shock, For fast engines, the port may be
graduated for a longer distance of travel, and with a wider base to the triangle, so as to prevent shocks. -One-
fifth of the travel of the valve, and a base to the triangle as wide as the port, may be fsed. -
~ "Phe valve-gear is represented in the forward position, in which the axis of the centre-pin of thedink is in
the same line and centre with the axis of the centre-pin cf the hanger R; end as the radius-bar D holds the
centre-pin of the link firmly in that position, there can be no slip of the block in the link as it vibrates; hence,
all wearing of the link and block is avoided, except that which results from the slip of the block in backing,
when the link is lowered, and the block works in its upper segment, When the link-centré i8 lowered so.thabit
coincides with the centre of the block, the block is firmly held in the link, exactly thirty inches from t}lel'{;'en}:m
of the shaft, and although the engine may be running; no motion is imparted to the main valve, and all the wear
of valves, when the engine is shut off, is prevented; whereas, in the ordinary “link-motion,” the valvesare never
entirely at rest when the engine is moving. Another advantage results in my valve-gear from holding the
valves still .on the centre, which is.. that both exhaust-ports are kept open at the same time, and in running down
hill the piston is not resisted by atmospherie pressure, as it is by the ordinary ¢“link-motion,” and the engine
will run without steam, in many cases, where steam would otherwise be required to keep the train in motion.
This peculiarity will be found of very.great advantage on railroads having heavy grades,_becauSG, in running -
down a grade of one to one hundred and thirty, with the ordinary “link-motion,” the engine requires steam
enough in the cylinder to balance the atmospheric pressure which resists the piston, and thus is wasted a quan-
tity of steam, half as much as would be needed to drive the engine thirty miles an hour on a level. My link--
motion is-pot capable of producing a cut-off by itself, and is only valuable in combination with an independent -
cut-off, but it may be used advantageously with. any of the forms of 'in‘_tiepet:ﬂenf;ctt-uﬂ',."besides. that herein
deseribed. | | | _ | ‘ B
My apparatus for effecting an independent adjustable cut-off differs from ‘all others, in the fact thatits
adjustment is effected by varyin ¢ the angular position of the éut-off eccentrics on the main shaft, in consequence -
of which any desired range.of adjustment can be obtained, and the cut-off valve will always be closed at its
highest velocity nearly. It may be used with any reversing-apparatus. | | A
Fig. 1, of sheet 1, ,ljePreSents'an elevation of one cut-off in actién, adjusted to cut off néhr.the.comm:é%- |
ment of the stroke. The cut-off slide M is just about to close the port through the main valve L, which 1 Just
opening the point of the v-shaped port, for the admission of steam at the commencement of a stroke. -
Ty gure 4 represents a plan of the cut-off dﬁpar’atus, with one cut-off valve connected; and with the eccentric
Tor the other valve. ~ " | L |
Figure 3 is a section through the main shaft, sleeves. and adjusting-clutch of the cut-off apparatus.
#ho eceentrics, C, are fixed upon a pipo or sleeve, N; which, in this case, is cast in two halves with the

eccentrics, and boited together. The eccentrics are at right angles with each other, in the same direction as-
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~line 2 11, draw fhe line 10 11, as long as the desived distanee between the centre-line of the link and the ceutre
of . the eecentrie link-pin, which will be at 10.  Take the distance from the eentre, 2, to 10, as a radius, and
describe a dotted curve through 10, with that radies, and that will be the track of the_cecentric link-pin.
Describe a similar arve from the centre 1. From the poiut 10 draw a straight line to the centre of the ‘shaft A,
- aud atright anrries to that line, throurrh the centre of the shaft, draw a.nc-thcu hnc, 12 13. 1*1'0111 the centre Gf
- the shaft describﬁ & civelo, the dmmcter of whichis equal to the ‘throw of the cccentrie. At t}w points 1218,
- at which tlmt cirele intersects the right-angled line last: drawn, will be the two centres of the- eccentrm, ot the
~ two opposite contres of the engine. - Connect these pointa- -with the cceentrie link-pin 10, und the distance from
thie centre of that pin to either of the cceentric-centres will be the length of the eceenmc-red In this posi-
tion tho main cecentrie should be Ley&d to the shaft, and uever changed, and when the engine is on cither centre,
the radius are z y will pass through the centre-line of the link at the points 2 and 11. - When the linkis ele-
vated from this position to that in. 1;'.lunr:l: its centre izat 1, its lmver extremity will be dratrn away from the are
 z y, into one of the positions colored red or blue, as the engine may be onr the back or forward centre, and that
‘departure will constitute the lead for forward motion. The track of the eccentric link- pm is traced in yellow,
- and the yellow lincs indicate the positions of the link at both centres of the engine, (which aye the same,) andat
full throw when the valves are out of+action, and when only the link is moved, if the erigine should be running.
The full throw of thé link ‘may also then be ascertained, by laying down the black and green lines, which is
done by using the cceentrie-rod length 10 12, set in a pair of dividers, ond end of which is tp be applied to the
circle of the eccentrie throw, at its points furthest from and nearest tﬂ the arc 14 15, and the other end to the
dotted arc in which the eceentric link-pin travels, by means. of whieh the extreme thmw of that pin will be
“known, and from ‘those points, gt a dmtance equal: to 10 11hon the are 14 15, will be the pmnts of extreme
“throw of the centre of- the block-pin 14 and 15. Tn that state of the drawing the ctirve of the link may be-
ascertained, which depends upon the travel that i3 &esxrcd for the main valves in backmg, and which need not
genem]ly be more than two-thirds of their travel in going ahead.  From the centre 2-treasurc off on the radius
are thé.distance 2 3, the samo proportion to the chsta,ncel 2-that the travel of th& Yelve in backing is to-its
- travel'in going zhead. ]:rum the centre 3 sweop-the arc 89, of the same radius as the- are 14 15, and also the
cmrespandnm dotted are, and upon those arcs lay off the full-throw positions of the centre of the eccentric
link-pin and the centre-chord of the link, as shown in the black and green lines 8 8 and 8 9. The pomt Bord
will bé a point of the turye of the link, the centre 8 will be amther point, and the third point will-be.on the
~arc. 14 15 end.between its enda, the exact position of whmh may be determined, expellmentally, as follows:
Sweéep an are through the two ﬁrﬂt-estabhshed peints, 3 8, with a radips somewhat less than the radius A 1, and
 mark where it intorsects the arc 14 15. With the same radius sweep - another arc through the points 8. 9, when
the link is at fall thvow in the opposite direction; and mark where it 111tersecta the are 14 15, If the rading
selected for sweeping this are should chance to be the true ong, the two points of intersection on the arc. 1415
will divide the distances 2 14 and 2 15, on that ate, in similar proporiions: If ﬂ:igy do moi-so-divide those dis-
~ tances, the radius selected for the experiment is too lang or too short, ind another experiment, with a different
‘radius, must be tried, until the arcs 2 14 and 2 15 are sxmﬂally divided. Tho radius thus found will-be the
radius of the'link, and the travel of the valve in backing will be equal each way from the points of lead. With
that radius thus found, throu#h the pamts 2 11 draw tha centre-line of the link, and "construet the entire link
around that centre-line, in the usual manner. The curve of this hnk will cameide with the curve z ¥ anly &t
the pmnta 2 znd 11, but it will transmit a true valve-motion fram the. eccentric to the valve, in all’ pﬂaltwns.
If it is desired to make the backing-travel a8 long es the forward-travel, the centre 8 must be dropped nearly
~ as far below the centre 2 as the centre 2 is below the centre 1, and in that case the experimental cirves fyr -
 determining the radius of the Imk would' intersect the. arc: 14 15 at thf}se points. The lead, in backing, will
be the same as in going ahead, if the travel is the same. If the travel is less, the lead will be dmmmhed pro-
portionately. The reversing ﬂand-gear must be ﬂ.rrmged so as to lock the centre 8 in the position determined
- by the drawing , Tor baeng, and in’the position 1 for geing ahead, uﬂd in the position 2 when the valves are to
~be held still mm ‘both ethaust-parts partially open. | A
The next. problem is'to transfer the. motion thus nbtamed upan the en'ﬂ of a hanger or roﬁker-&rm to the
valve. The throw of the hanger-pin will be dissimilar on the opposite sides of the radius arc; but it is desirable
that the travel of the valve should bo equal at each portion of its throw from the engine-centres. - Tt is, therefore,
recessary to convert the unequal throw of the bloﬂk—pm into an equal thmw of the valve, which is-done as follows:
Construct the rocker-arm, H 16, to which the valve is to be connected; so as to throw egual distances each side
| .{}f a perpendicular, and with a total throw equal to the desired travel of the val ve. ¥rom the centre, I lay off
anare, 17 18, of about the same radius as I 16.  Select a point, 18, on that arc for the extreme throw of the
rocker-arm, and with x pair of dividers connect that point with the point 15 ‘Then remove the dividers, retaining
their rl:stances, go that one of the points will touch 14, and mark-on the sre, 17 18, whero the other point touches
1t, The points 17 18 will be the cxtreme throw; and if the angle 17 IL 16 has been correctly assumed, the
rocker-arm may be so constructed; in order to-ascertain which, place onc'of the diwder-pomts on the Ieadi-points .
4 and 5, sucecssively, and mark with the vther oneé where the recker-arm will be when the block-pin is at 4 and
- 5, whieh' will be found af 19 and 20. Then meénsure the distances 17 19, and 18.20, and if they agree, the
connceting-rod length is correct; if not, spread the dividers more o loss and repeat the expeliment a.qsummrr'
néw points on the are 17 18 till they do’ agree, when the Ienmh of the vod, 15 18, and the angle between the,
two rocker- -mn.., TI 17 and H-16; will be. cerrect. it the arm I 17 is found not to be shart enough to give
the throw requived at 16, its length may be altered, and & newarc drawn for experiment, as befove. mml the
pr npm tength of all the parts aud'tho proper angle of the rocker-arms are ascertained. | -
If no n-termedxate hm;,ger is. cmployed but the block is htmg on one end of the racLﬁr-arm, and the valve
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- is worked from the'other end, as.is fig. 2, then the motion of the valve will Le.equalized by adjusting the'nigle
- which thie valve-rocker arm makes with the block-rocker avin, and that adjustment'will be made cxperimentally
-+ ag'follows: Construct a movable paper sector, having drawn ﬁupﬁniiﬁ'thb'!iﬁésL;1'4;-1:-1‘5;.-—,-?]-',;:4-;—#-:;1?'111:1;.1',,!75:-3-;&':1:1? SR
. pirit on the drawing at the centre, 1, so that it will coincide with the lires which it imitates.- arn it tiliie
- occupies the position of 16 16, and with the dividers measnre off and mark upon- the ling of the valve-stem, 21

1. 22, near the chest, the points 21,25, 26, and 22, ‘being equidistant from the fpbiﬁ'ts'l-lﬁ,-"23,;_524;7 and 16, respect- .
- ‘ively. If the distance 2125 is the same as the distance’22 26, the seetor has been placed at the rightangle with.
SN th?.e:line; 1 14; if not, m:ﬁ:f._e it around the centre, 1, to another pbéitif{m,:-ﬁnd-‘repeh;txé,thﬁ 'ée:(péeri.ﬁién't' until thelead -
- and travel of the valve agree. The léngth of the arix 1 16 may require to be.varied.to suit the desired valve- - =
- travel, ﬁh'i'c.h can be done.as in the other case.’ In this case the valve-arm will no vibrate equal distanceseach
- side of a line perpendicular to the valve-rod, but will fall lower on one side than the other; the valve-motion, .
 ~however; will be true, and an uncqual egeentric-throw will be converted into an equal valve-travel. -

- The four valves and valve:seats, colored blue; red, black, and green, represent. the four positions of the valve
.ot jty points of lead and full throw, the blue and red colors representing the. position of lead on both centres.

~ The opening made by the lead amounts to a very small triangle, thiree-sixteenths of an inch wide and two inches

. and five-eighths of an inch long, but the elasticity of the valve-gear and the loss of metjon in the joints will.

"+ - reduce this small opening materially, fsn-d‘?:i.'t'isé:nﬁté desirable to have any opening until the engine reaches its

~ centre. - If there were no elasticity or lost motion, I would make th‘?eév_alfe' go much longer than it 7s hereshown
a8 to cover the port when the engine is on the centre,and only open it afterward. The rapidity with which the

- main valve is opened by this valve-gear is snch that, notwithstanding the great portion of the travel oceupiedin =

 opening the v-part of the port, the pressure upon the piston is riot diminished, except where it is desirable to =

- diminish it in order ‘to-nave the loss of thie friction while it is greater than the power, and the shock isprevented

| .without expense of power. - S

~ In constructing a locomotive, I would advise the engineer not to finish the lap aud exhaust-cavity of the = = =

 * yalve till the valve-gear is all erected and the position.of the eccentric is adjusted and fixeil. ~ When the parts =

- are all in position, except the fﬁlm_s,;lietf-thgengim%r.bb placed on one centre, fa;nfdj-lhgt;ithje?lgiﬁk';ljfe;--plangcl withita .

" centre-pin coincident with the centre of the block-pin, as shown in sheet 2. - Then, with the eccentricin aposic .

- &on nearly right, ascertdin the position of the point 10, and mark-it.. Turn the engine-to the other centre;and

. sgainmsrk the position of 10; - If it 'should be the same as at firat, the eccentric is in.the right position; if not, .

. tarn ?i:haﬁfeécéntric-dn_fthfé_fali;tfb,;fdi#idinég. the error in halves, and again try the §posifti9ng:_imftilgth_e point 10 will .~
 “cometo the sameeéxagt position at-both centres of the engine. - Then key the eccentric in that position and never = -
©*let'it'be.changed again. - Raise the link to' the go-ahead position, as in sheet 1, and the rocker-arm will move . =

the valye:stem to the lead. Apply'a tempret of thin sheet metal, of thechape of a longitudinal section, through

" the main valve, in the place of the valve to the valve-seat, 5o that it will be.worked by the valve-stein as the wheels

" sre turned, and mark upon it the points of the v-shaped ports, when the ongine1s on each centre.. Measure .

' from those points toward the centre of .the templet an amount which is expected to-be lost by elasticity andlost
' ‘motion, one-eighth of an inch more .:or;le:ss;,f:_i.ﬁd:thoseQﬁﬁints will be tho ends of the lap of the valva. fl':F_r?’m:-th‘;’“_. AR

points measure again toward the: centre of the templet o distance equal to the breadthof the port from the point
 of the Vv to its opposite side, and the pointa thus ascertained will be the ends of the exhaust-cavity. Cup the

" valve to correspend with the tempiet thus made, and pluce it in the chest, and it will have the-lead and travel
which the drawing requires. - - - | - | L

 The link, instead of béing curved, may be composed of two chords of arcs meeting at the centre, and &

~ rectangular block will work in it, enough- clearance being made at the angle 'of. intersection to permit it to' pass

" the centre, and, inasmuch as the: link only uses a small portion of its length at each end, and in the centre, to

giv";a poﬁ_iﬁqn to the valves, its other parts may be of ‘irregular form, but s true curve ia the best. s _
' In running a locomotive constructed upon this plan, the throttie-valve and pipe, which should have an ares -
of one-tenth of the area-of _the cylinder all the way to the 'c‘hestsd, should be thrown wid_‘e uvpen after the en g,i-'i;'.’ ..

' is fairly started, and the speed of- the ma“_chi'ne.shou_lt_l'-bé:re‘gulgted‘, entirely by the lever wh.ich; controls the posi-
tion of the cut-off, whereby the steam will always be admitted to the cylinder st & pressure very near to thatin

_the boiler, and the greatest range of expansion which the Joad will permit will at all times be obtained? ia‘n.‘d. con- 1

aeque_ﬁtly the greatest_gconolmy.‘qf hteam..wi_l_l.resu]tf - | | . '. | L R o
" ‘By the use of this improvement the entire theoretical poyerl--w!:lich gteam _is;cp.?ahlei_gf prqqugmg_ltg & non-
condensing engine of a given size, and performing a given work, will be _pxjodnoeii‘.qun locumotw.e-en-gn;e,_ with

" po deductions except those due to the “clearance,” the ratiation of heat, and th_a_letkagq _fro_tfl mfpgr.fept.;gon-

of the power thus produced much less will be absorbed by friction, when the engine xs~fmrlfed by

my valve-gear, because there is no resistance by one piston agaihst the'ethgr_ at each centre, as thgtg is with t?e .

" ¢]ink-motion,” and because, there being no shock on the centres, the I':Q?s.;may aIl:l be slack, apd so there ml} |
"} no binding of the brasses. The loss by leaksge, also, will by muqh"'dlflllnlsl}ed',- becaus_*;q_thetra.vel _.of _.the_-u'_l_u_ o
g eonstant, whereas with the._.'_“lin_ki-m_otion": the mlire*is:g.epe_rally moving mgh 2 5‘}“31__1 -.t,tt“e}" upgp_-_--;h__e geat,

which it wears dowﬁ in'the middle, and:when the travel is increased, as it must ‘be frequently, the valve runs

 gtruction, and

‘against an elevation left by the reduction of: the 'mi_ddig‘raurface"bf the aeat?-anq. I:l'w'_eﬁ'_qc'} is t?-:we.ar.the valve .
into a cirved 3utface;-_iducbin'g'th¢' 'seqﬁ-on} its 'centrf};- and rogkiu_}g_'-_,g'__il_:_hgr way. The stfam;then }ga}:_s und_er the

- ends of the valve, and is wasted, as may be seen in any “link-motion” engine which .h",s. been - unning _;_mgntl?, _

. by setting the slides in the centire and_ ..0p¢+ni‘ngu the tll_la‘fr"gt.tl;;-valv.e. m_zd-qy_l_‘:._-r_lld.cr-co?kmf..

"7 yWhat I claim as my invention, ind desire to secure by Letters P_atept,l-ls--_- N

1. A reversing-link, vibrated by one eccentric .capable of being moved in the direction of its lengty for

sugpended at 1ts neutral point_ij_; radius-bar, or other equivalent device, upon which 1t fibfstes,- and

reversing,
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upon the opposite side of which it 'works the valve for the forward and backward motion of the engine, substan-
tially as deseribed, in cumblnatmn with an independent cut-off apparatus of any sort, for closing the ports which
1t opens. |

2. An independent cut off apparatus, adjustabie while the engine is in motion, by sltering the angular posi-
tion of the eccentric which works the mdependent cut-off shde, in reference to theline of the crank, substantially
as described. | |

*3. "The combination of a pin or block Exed in the main shaft, with a pipe surrounding the main.shaft to
which the cut-off ‘eccentrics are fixed, and with an exterior slldmfr-sleeve surrounding the s*ud pipe, provided
with two grooves, one of which receives the end of tho fixed pin, and the other of which receives a Llock.or pin
fixed upon the eccen tric-pipe, and one or both of which grooves are spiral, as a deviee for the purpose of varying
the angular position of the cut-off. eccentrics upon the main shaft, sabstantially as deseribed.

-4, A graduated opening throuwh the main port or valve, in combination with the exhaust-openings, so
arranged 28 that-one exhaust-aperture will be opened before the other closas, and with an independent adjust-
able cut-off, for the purpose of preventing a “cushion” of the steam and the shock of sudden admlsmﬁn, without

"‘mrﬂ-dmmnag through tha graduated opening ia cutting off, substantially as described.

EDW. N. DICKERSON.

Witnessés:
J. K. Roserrs,
WM._ E Ryan.
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