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UNITED STATES PATENT OFFICE.

 GEORGE E. TOWER, OF WASHINGTON, DISTRICT OF COLUMBIA.

IMPROVEMENT IN VALVE-GEARS.

Specification forming part of Letters Patent No. 213,261, dated March 11, 1879 : application filed
| | February 18, 1879. | |

To all whom it may concern :

~ Be 1t known that I, GEORGE EDWARD
TOWER, of the city of Washington, in the
Dlstrlct of Columbia, have invented a new
and useful Improvement in Valve-GGears for
Steam or other Hngines, which improvement
1s Tully set forth and illastrated in the follow-
ing specification and accompanying drawings.
The object of this invention is to operate an
engine by a valve-gear which, while causing
both the admission and release at the proper
time through an actuating-valve of the power
which actuates the engine, also cuts off the
source of said power from the cylinder af any
desired point in the stroke of the piston by
means of the same valve, this said result be-
ing accomplished without injariously atfecting
the release or exhaust of the actuating-power,
or 1n any manner deranging the ¢“lead?” or set-
ting of the actunating-valve, although the crank-
shaft should revolve in either direction. This
oear 1s applicable to all classes of slide-valves
that are moved and operated as one valve,
whether the valve be in one piece or in two
parts connected by rods, bars, or stems, as is
commonly the case, in order that one part may
be placed near each end of the cylinder, to
cconomize space in the steam and exhaust
ports, or to save ‘¢clearance-space.” Valves

thus constructed in two parts are considered -

as forming butone:valve proper 1m this speci-
fication and 1its claims.

In pursuance, therefore, of the object above
mentioned, the invention consists, in part, of
a rotary cam mounted upon an eccentrie, and
driven thereby in any sunitable manner, the
- said cam thus superadding to the ordinary
functions of the main actuating-valve of the
engine the additional function of a cut-off.
The eccentric 1s either formed upon or fitted
to a rotary driving-shatt, and the said cam so
combined with the eccentric that the speed of
revolution of the cam may be either equal to
or less than that of the eccentriec. In the lat-

ter case certain toothed gearing is interposed
between the eccentric and can. |

The invention also consists of certain op-
erafive and adjustable connections between
the cam and the actuating-valve of the en-
gine, whereby the functions of admission and
-power are

release or exhaust of the actuating

imparted to said valve by the action of the
eccentric, and the function of a variable cut-
off of szud power is imparted to said valve by
the action of the cam at the will of an oper-
ator, none of said valve functions impairing
the efficiency of the others.

The several figures of the drawings, shov-
1ng general views sand details of the said means
by which the results above mentioned are ef-
fected, will now be described.

I‘1gures 1 and 2 show, respectively, a side
elevation and pla,n of the valve-gear, valve,
and valve-seat, in which views of the inven-
tion the cam is designed to revolve at one-
third of the speed of the eccentric. Iigs. 3
and 4 are sections at the lines 1 1 and 2 2, re-
spectlv ely, of Fig. 1. Fig. 5 shows the inte-
rior of the can, the s]nﬂ; in dotted lines, and
the eccentric and toothed gearing by which
the cam is driven. Fig. 6 shows the interior
of an Internal toothed or annular wheel, by
which the cam is adjusted for varying "the
point of cut-off. Tig. 7 is an elevation of the
cam-yoke and rollers. Higs. 8 and 9-are an
elevation and end view, respectively, showing

the main shait with the eccentric forﬂed or

secured thereon, and driving-teeth cut upon &
portion of the eccentrm’s face or bearing-sur-
face. Fig. 10 is an end view of an adjubtmg
bolt or shaft for maintaining the alwnment of

the cam-yoke.

The other figures 11, 12, 13, 14, 15 and 16,
Sheet 3, E‘,Xhlblt modlﬁcamons of detftlls, in
section f;md elevation, of the eccentric, cam,
and toothed gearing, all of which will be here-
1nafter particularly and best described by lit-
eral reference, the same parts being similarly
lettered in all the figures. The ﬁﬂmes upon
Sheets 1 and 2 Will, therefore, first be de-
scribed, as follows:

To the shaft A is either forged or secured
in any suitable manner the eccentric B, and
upon said eccentric is mounted the adjustable
cam C. Cut upon the eccentric are teeth «,
which gear with other teeth upon pinions b,
which pinions rotate upon pins or studs c,
firmly seenred to the cam C. Mounted upon
the eccentric B, at one side of the cam €, and
concentric Wll’]l it and the eccentric, is the an-
nualar gear-wheel D, provided with teeth which
oear with the pinions b. Said annular gear-
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wheel is provided with an arm or lever.and | or it can be secured to a fixed are or sector if

handle, d, and serves the purpose of setting or
“Ldjustmﬂ the cam to any point desired “for
varying the point of cut-off. I'or long-stroke
engines, however, when it may be desnable
not to diminish the speed of revolution of the

cam toless than that of the eccentrie, the cam
may be made adjustable by me&ns-Of any of
the well-known devices used for changing the
position of an eccentrie, cam, or wheel upon

its shaft; but for engines of short stroke, and

for economy of space, the gearing 1illustrated
in the drawings 1s preferred.

Spanning the ecam C is a yoke or frame, L,
provided with rollers e e. Said yoke is pro-
vided with an arm or offset, I, and at right
angles thereto another arm or cam-rod, G,

which transmits the mofions both of the eec-

centric and’ cam to the main valve of the en-
gine. Suspended from the shaft A, and hav-
ing bearings respectively upon the cam C and
wheel D, are two suspension-rods, H H. These
rods are suspended by bearings in their bosses
or straps, as seen in the drawings, and are
connected at their lower extremities.-by a small
shaft or bolt, /. The arm I of the yoke has a
bearing on the central portion of this bolt .
which bolt is round in cross-section where 1t
passes through the bearing of the arm I; but
1ts ends, which pass through slots in the ends
of - the suspension-rods H H, are flat or elon-
gated. DBy this arrangement, as is clearly
seenin Ifig. 4, the yoke & can oscillate slightly
upon this bolt or shaft as it 18 moved by the
cam, and can be so adjusted that the rollers e
will ' be held in proper line for the action of
the cam thereon, suitable set-serews ¢ and
nuts, washers, and collars being provided for
this purpose, as clearly shown in IFig. 4.

To the cam-yoke i 1s secured the slotted
arc or sector I, within which are a pin, 4, and
block % are caused to traverse, when desired,
by means of a link or bar, k, which connect{:
said pin to the lever d of the adjusting-wheel
D. A handled nut clamps the pin ¢ to the
arc 1.

1t will be observed that the arc L is secured
to the ecam-rod (. This is done in order that
said arc shall partake of the motion due to
that of the eccentric, for if the are were at-
tached to a fixed support such attachment
would cause the lever d and adjusting-wheel
D to oscillate upon their common point of
contact with the are, and thus, by slightly
moving the cam, cause an irregunlarity in the
point of cut-off. It will also be observed that
as the yoke must have a movement due to the
‘action of the cam, such movement would
therefore be tmnsmltted tothe adjusting-wheel
D were not the link or bar % 111terposed ‘be-
tween the arc I and the cut-off lever 'd; but
as the link % oscillates on the pin 4, the cut-
off lIever d and the adjusting-wheel D are -
affected by this movement of the yoke. The
cut-off lever d can be. secured to any part of

i

with a guide, p.

other and suitable provisions are made for the
irregularities in the point of cut-off, or where

these irregularities are not considered -

portant.

The arm or cam-rod G is provided with a
double hook, &, which respectively clasps
either of the plu..s m m? of the double rocker-

‘arm K, which. oscillates upon its central shatt,

0. The upper end of the rocker-arm K is pro-

vided with a lever-handle and a stud or pin, to
which latter the rod I, also connected to the
-valve-stem M, 1s attmhed, as is clearly seen in

Kigs. 1 and 2. The valve Y, upon its seat V2,
is connected to its stem M, whlc,h 18 provlded
To the end of the cam-rod G
is seeured a link or rod, N, connected to. the
reversin n‘-lever R, whl(,h lever when  turned

upon 1ts center q, moves the: double hook %

from. one pin, m, to the other, m? and thus.re-
verses the movement of the cmnk (shown at
S) on the shaft A, thongh the latter need not
be the cranlk-shaft, but any shaft smtqble for
driving the eecentrw.

The- lev_er R is clamped upon the arc s, as
seen in If'ig. 1, or by any other suitable means.
Thishook- motmms well known, to those skilled
in mechanical engineering, as A means-of:start-
ing, stopping, and reversing engines.

In case a loose eccentric driven by lugs up-
on the shaft (another well-known means for
reversing engines) is desired to be used, nel-
ther the rocker-arm nor hooks. herein 1llus-
trated are required, and the position of the
eccentric on the shaft can be changed from 1ts
contact with one of said lugs to contact with
the other by the mebhamsm herein described
for adjusting the cam, provided the cam 1s
held fast while the eccentric’s position. 1s be-
ing so changed.

Before descrlbmn the complete operation of
this valve-gear, the. modifications shown on
Sheet 3 mll now- be described, as follows:

TFigs. 11 and 12 show a transversesection and
a sectional elevation respeotn‘ely, of a partof
the invention in Whlch bevel-gearing is used.
The eccentric is therein seen lmvmn* two di-
ameters, with the teeth for a bevel-gear wheel
cut upon the shoulder forming the dlﬁeren ce
between said diamefers. I_‘ln 12:1s a section
at the line 3 3 of Fig. 11.

Fig. 13 shows, in elevation, a plate, W, pro-
vided with recesses for the small 0ear-wheels
and semicireular depressions f:.hown in dotted
lines, which form caps for the bearings of the
bh"lftS of said wheels. The said plate W 1its
into the recess of the cam C, and is Dbolred
thereto. It is also provided WIth a long hub
or annular journal, (shown atw, Fig. 12,) whick
hub adds to the ]_ennr_h__ of the befmnﬂ_ for the
cam upon the eccent.{;ic,-vand; :-.tlso_forms a bear-
ing for one of the suspension-rods H, the other
one of said rods being borne upon a hub or
annular journal on the cam itself, as is also
the case in Fig. 4, The hub or annular jour-

the valve-gear having the proper movement; | nal w of the plate W also forms. a bearing for
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the bevel - wheel D, whieh is substituted for] full opening of both the admission a,nd exhaust

the annular wheel D shown in Fig. 6.

Fig. 14 shows, in stde elevation, a cain hav-
mg five raised surf.:tces and eorresponding
depressions, with its interior exposed and ex-
hibiting all the gear-wheels in place, but with
the cap « (shown in Fig. 15) remioved. Fig.
15 shows a transverse section at the line 4
4 of Fig.14. TFig. 16 is an elevation of the

cam as seen from the right side of Fig. 15, |
with the annular wheel D and pialons b re-
The cam in these last three figures

movetl.
being provided with five raised surfa,ces, the

gearing therein shown is such that the speed
of revolution of the cam is geared down to one--

fifth that of the eccentmc—tlmt is, but one rev-
olution of the cam is made to ﬁve revolutions
of theé eccentric, instead of one to three revo-
Intions, respectively, as illustrated in the pre-
ceding figures.

The. plate x;, Fig. 15, is secured to the ¢am
0, and holds the geared pinions within the re-
cess of thie cam. The said plate has also a
hub or annular journal opposite and corre-

sponding to that on the cain C, for supporting

one of the suspension-rods H.. The said rods

are preferably supported as shown on Sheet

3—=that is, upon the cam itself and parts se-
cured to it, rather than one of said rods npon

tlie hub .of the fixed adjusting - wheel D, as

secén on Sheets 1 and 2, becanse of a greater
uniformity in the wear in the eyes or straps

of the rods H. If one of said rods be sup-
ported upon the cam or upon a part mov-

ing with 1f, and the other rod be supported
upon the WhE‘E‘l D, the former rod would sooner
be wori loose in the eye or strap, while the
Iatter would be less affected by use.

of longer bearing upon the eccentrie for the
same length of cain Iaee is obtained, and less

The pecullmmes and coinplete Ope'l"*&tIOIl‘Of
this valve-gear will now be described.

In the first plaee; the cam, 1fs toothed gear-
ing when uised, aiid- other connections; being
mounted upon the eccentric, all partake of the
mnotion due to that of the eccentric; yet the
said parts inter se, so far as the eceentric, as
such, affects them, are relatively at rest.

Su(,h being the case, the operation of the
valve-gear as now described can readil y be
anderstood.

If the engine be intended to revolve in both
directions, the eccentrie need not be set with
any angular advance; but if the engine-shatt
be intended to revolvein but one direetion, the
‘eccentric may be so set as not to atrrive qmte

at mid-throw when the crank is on its center—-,
By thus setting the ec-:

that 1s, a little late.

centric the valve will keep the exhaust-port
wider opén during a portion oi the stroke of
the piston. -

The duty of the ecceutrlc, as such, is to¢ause
“the valve to travel the distanee reqmred fora.|

By means
also of these modifications shown on Sheét 3
of the drawings a cam of less diameter and

ports, (or a litile farther,) and also to close the
latter port after the valve has already been
acted upon by the cam for the corresponding
stroke of the piston. By causing the outer
edge of- the valve to travel a little b63 ond the
inner edge ot each admission-port, said ports
will remain wide open for a longer perlod when
the aetuating-power is following full stroke.
The duty of the cam is twofold. lts first
office is to place the valve as far from 1ts mid-
position as is required for the lap and lead of

| the valve when the erank is on its center. This

office it performs by the contact of either its
raised orifs deplessed surfaces with either one
of the rollers in.the yoke, de])endmn‘ apon -
which eenter the crank is placed.
The second office of the cam is to throw the
valve far enough back to fully cover the ad-
mission-port, but not to close entirely the ex-
haust-port, at the proper time for cutting off,
although the eccentric may be in pos1t10n fm:
opening the admission and exhaust ports still
farther. The difference in the radii ot the con-
tour of the cam is made great enough for the
above-mentioned purpose when the valve 1s at
its extreme point of travel. This second office
of the cam is, therefore, performed by thetrans-
fer of the contact of one of the rollers of the
yoke from oue of the cam’s depressed to one

of its raised surfaces, or vice versa, depending

upon the position of the crank, as above men-
tioned.

The position of the cam relatively to elther
the crank or the eccentric is adjustable by
means of the arm or cut-off lever d on the ad-
justing-wheel D, which wheel rotates the cam
by gearing with its pinions . Inthe position
of the cut-off lever d shown 1u If1g. 1, the cam
is adjusted to cut off at about three- qmrterq.
from the commencement of the stroke of the

Piston.

To cut off at a shorter point in said stroke,
the lever d is moved to a point nearer the center
of the are I, which brings one of the raised sur-
faces of the cam nearer to one of the cam-roll-
ers ¢; consequently, the earlier contact of the

raised surface with the roller as the cam re-

volves sooner moves the valve to close the
admission-port. The outlines of the cam be-
ing circular ares joined by easy curves, and
these arcs being concentric with the eccentrie,
the rotative movement of the cam given by the
lever din order to change the point of cutfing
off can impart no movement to the rocker-
arm K and valve V until the desired point
for cut-off is reached. Therefore such move-
ment of the cam cannot change the lead of the
valve. Neither will the exhaust-port be either
opened or closed sooner, as these functions are

performed by the aotmn of the eccentric upon

the valve,and not by the acmon of the cam

thereon.
‘The position of the reversing- lever R shown

in Fig. 1 is that for “moving the crank in the

direction shown by thearrow, tlre cut-oit lever
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d being 11kew1se set for the same direction of | of side bars or suspension-rods, whereby the

crank- revolumon To reverse the engine, the

cut-off lever d is moved to the other end of the
arc I, and the hook 2 on the cam-rod G 1is

shifted to the upper pin, m? 1n the rocker-arm
K by moving the reversing-lever R. These
adjustments place the valve-gear in position
for full stroke in the direction opposite to that
shown by the arrow, and to cut off shorter the
lever d 1s brought nearer to the center of the
arc I. The action of the cam is thus seen to
be identical in cutting off, in whl(,hever direc-
tion the cerank may rotate.

The gear-wheels connecting the eccentric
and cam (shown in the several figures of the
drfmm gs) constitute a train of epwychc oear-

_in which are exhibited several pinions or
Sets of pinions. While but one pinion or set
of pinions is theoretically required, it is evi-
dent that the greater the number used the less
will be the strain and wear upon the studs or

shafts which carry the pinions in driving the

cam. The cam -being chambered out and all
the gearing confined to itsinterior, much space
on the driving-shaft is economized.

It may be well to observe here that care

should be taken to accurately proportion the

relative throw of cam and eccentric, for if
stich proportion be an excess in favor of the
cam the exhaust-port will be closed too much
for advantageous working after the cut-oft has
been effected, should the cut-off take place
near the commencement of the stroke of the
piston—that 1s, should the. cut-off be very
short.

-In case a governor be fitted to the engine, it
may be connected to the cut-off lever d, in
which case no clamping device for said Iever
would be required. .

Having thus fully described this my said in-
vention, L claim—~

1. In a valve-gear for steam or other en-
oines, an adj ustahle rotary cam mounted upon
and driven by an eccentrie, said parts being
so arranged that said valve-gear is adapted to
impart to the main valve of the engine the or-
dinary functions of an ::i.ctuating-valve and the
additional function of a eut-off valve, substan-
tially as set forth.

2, In a wvalve-gear for steam or other en-
gines, 11 combination with an eccentric pro-
vided with driving-teeth thereon, a rotary cam
and an interposed train of gearing, whereby
galcl eccentric 1s caused to act as a driving-
wheel for said cam, substantially as set forth.

3. In a valve-gear for steam or other en-
gines, 1 combination with an eccentrie, a ro-
tary cam and an interposed train of gearing,
whereby sald cam i1s driven by said eccentric
at a less number of revolutions than that of
the eccentric itself, substantially as and for the
purpose set forth.

4, In a valve-gear for steam or other en-
gines, in combination with a driving-shaft, a
rotary cam provided with an annular journal

relative alignment of said yoke and cam are

maintained, substantially as set forth.

5. In a v&lve -gear for steam or other en-
gines, in -combination with a driving-shatt
provided with a cam, a yoke provided with an
arm or offset and suspension rods or bars for
connecting said driving-shaft and arm or ofi-
set, whereby said yoke is supported in posi:
tlon substantially as set forth.

6. In a valve- -gear for steam or other en-
gines, in combination with a cam-shatt, a yoke
having an arm or offset supported by suslwenu
sion rods or bars, and provided with means of
adjustment therewith, whereby the proper
alignment of said yoke relatively to said shatt
1s maintained, substantially as set forth.

7. In a valve-gear for steam or other en-
gines, in combination with a cam-shatt, a yoke
having an arm or offset connected through a
journal-bearing therein to suspension rods or
bars by a shatt or bolt passing through said
journal-bearing and through slots in said bars,

whereby said yoke 1s adjusted and allowed to

oscillate upon said shatt or bolt, substantially
as set forth.

8. In a valve-gear for steam or other en-
gines, in combination with an eccentric and a
yoke, an adjustable cam rotated by said ec-
centric and connected to said yoke, substan-
tially as described, whereby said cam is ad-
justed at will for variable cut-off without mov-
ing the eccentric, substantially as set forth.

9 In a wvalve- gear for steam or other en-
gines, in combination witn a driving-shaft, a
rotary cam provided with an epicyclic tmin
of gearing, one wheel of said gearing being
ﬁtted mth an adjusting arm or lever, where-

by the position of said cam is clmnned rela-

tively to any assumed point 1n the cireumfer-
ence of the driving-shaft, for eifecting varia-
ble cut-off movements of the valve-gear. sub-
stantially as set forth.

10. In a valve-gear for steam or other en-
gines, 1n combination with a rotary.cam and

its yoke, an adjusting mechanism provided

with an adjusting-lever connected to said
voke, whereby the revolution of the cam 1s
permitted while the adjusting-lever remains
at rest relatively to said yoke, substantially
as set forth.

11. In a valve-gear for steam or other en-
gines, 10 combination with an eccentric and
a rotary cam having its adjusting mechanism
operated by an arm or lever attached to said
mechanism, a fastening arc or sector for said
arm or lever secured to any part partaking
of the motion of the eccentric, whereby the

revolutions of the eccentric and cam are re-

spectively effected without change ot position

relatively to each other, substantially as set

forth -
12. In a wvalve-gear for steam or other en-

gines, in combination with a rotary cam and

1its yoke, an _adjusting mechanism provided

or journals, and connected to ayoke by means | . with an adjusting-lever connected to said
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voke through the intervention of a sector or | provided therein with gearing for rotating
arc and a vibratory bar or link, whereby the | said cam, whereby its operative forces are
point of cut-off is varied at will, and the revo- | brought to act centrally within the said cam,
lution of the cam permitted while the adjust- i and space upon the driving-shaft is econo-

ing-lever is held at rest relatively to said | mized, substantially as set forth.

yoke, substantially as set forth. | - GEO. E. TOW ERL.
13. In a valve-gear for steam or other en-| Witnesses: - . '

gines, in combination with a driving-shaft, a Anmos HUNT,

rotary eam having a recessed interior, and | Wi P. O’CONNOR.
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