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To all whom tt may concermn:

Be 1t known that I, EBENEZER HILL, of
South Norwalk, in the county of Fairfield and
State of Conneemcub have invented a new Im-
provement in Valve- Gears; and I do hereby
declare the following, when taken in connec-

tion with accomp&nymw drawings and the

letters of reference marked thereon, to be a

full, clear, and exact deseription of the same,.

and which said drawings constitute part of
this specification, and represent in—

Figure 1, &mde view of an air-compressor,
ShDWlIlﬂ the valve-gear in a position just after
the drwnw crank has passed its dead-center
in one direction Fig. 2, the same view repre-
senting the p051t10n of the parts as having
just pafssed the opposite center—that is, in a
position diametrically opposite the position
indicated in Fig. 1; Fig. 3, a diagram illustrat-
ing the path of the eccentric-rod at the points
Where the links are connected thereto; Figs.
4 and 5, modifications in the arrangement of
the rempmeatmw pivot upon which the eccen-
tric-rodishung; Fig. 6, amodification showing
the mefthod as &pplled to a single valve.

Thisinvention relates to an 1mprovement n

the method of and mechanism for operating

the induoction and eduction valves of cylin-
ders within which a piston is driven from end
to end, and in which an induction and an educ-

tion valve are arranged at one end of the cyl-

inder and like induction and eduction valves
for the opposite end of the cylinder, and in
which the valves receive a positive move-
ment, the valve-gear being particnlarly appli-
cable to a1r-COmMPressors, but may be employed
as a valve-gear for steam-engines.

The object of the 1nvent10n 18 to operate
both the indnetion and theeduction valves by«

single eccentrie, and to inecrease the throw of |

the valves at those portions of their travel

where the ports are opened, dand at the same

time accelerate the closing movement of the
eduction-valves; and it consists in changing
the time of a valve’s movement abt different
parts of 1ts stroke by changing the direction
of ifs connection with the eccentric-rod.

In 1llostrating my invention I show if as
'tpphed to a cempeund alr-compressor, A be-

ing the 1mtial eylinder, and B the compress- |

in g-cy]inder; C, the fiy-wheel, which is mount-
ed in the usual bearings, and whieh is driven

1
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from the prime motor. Upon the shaft of the
fly-wheel a crank, D, is fixed, by which the
rotary movement of the fly-wheel shatt 1s com-
municated to the piston-rod E through the
usual connecting-rods; but the arrangement
of the cylinders, fly-wheel, and counnections
constitute no part of my invention. The di-
rection of revolution of the fly-wheel 15 1n-
dicated by an arrow.

The valves of the cylinder A are common
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rotary or oscillating valves, whose poris open

to the respective ends of the eylinder—an ar-
rangement of valves too well known to re-
guire particular illustration or description,
further than to say that ¢ represents the spin-
dle of the induction-valve at one end of the
cylinder and b the spindle of the induction-
valve at the opposite end of the cylinder.

d represents the spindle of the eduction-
valve at the same end of the cylinder as the
induction-valve of «, and ¢ the spindle of the
eduction-valve at the opposite end of the ¢yl-
inder, thesespindlesextending fromthe valves
through the usual stuﬂing-box, and 80 that by
the rotative movement of the spindle the

valves oseillate upon their respective seats to

open and close their respective ports, theaxis
of the several valves being paratlel with the
axis of the driving-shaft.

On the ounter end of the induction-valve

spindle ¢ a crank, £, is fixed, and on the other

induction-valve spindle, b, a4 similar crank, g,

is fixed. On the eduction-valve SpEndIed a

- Iike erank, 2, is fixed, and on the other educ-
tion-valve spindle, ¢, 1s a eorresponding crank,

¢, throngh which cranks the oscillatory move-
ment is imparted to the respective valves.

To obtain the best resulls in a machine of
this character the induction-valves must open
soon after the dead-center is passed—that 1s,
at the beginning of the stroke of the piston—
and should remain open until the stroke 1s
completed. Thismovement, it1s well known
1s obtained from an eceentric set at right angles
to the crank. The eduction-valve, however,
should not be opened until after the piston has

i moved sufficiently far toward the ednetion-

port to compress the air to an extent equal to
the reservoir-pressure. At thattime the edue-
tion-valve should open and remain open until
the stroke is complete, and then should in-
stantly close.
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I represents the eccentric, which, as here

shown, is in the form of a crank fixed to the pin
of the crank D, this being a well-known sub-
stitute for the disk-eccentrie, and is employed

From the eccentric F the eccentric-rod G ex-
tends longitudinally, and is hung upon a rock-

ing arm, H, at 'a point midway between the
valve-spindles at the respective ends of the:
cylinders. This arm is hung abt I below the
cylinder, and extends vertically upward, and

" 10

is hinged to the eccentric-rod G at J, and so
that as the reciprocating movement is im-

parted to the rod by the eccenfric inthe usual
manner the arm H will swing, say as from the .

- position in Fig. 1 to that seen in Fig. 2, and

return. The driven end of the eecentric-rod

G travels in and makes a complete circle at
each revolution of the driving-shatt.
20

rod travels in a slightly-curved line, but to all

practical . purposes substantially a straight

line, and may be astraight line, if desired. At
25 other points in the rod both sides of the point
J the path traveled by such pointsis ellipti-
‘cal; but the direction of travel in such ellipti-
cal paths is that on the side of the point J
- nearest the eccentric, in the same direction as

and as indicated in Fig. 3, and in which the

circle at the right indicates the path of the ec--

centricat the opposite end. Theintermediate

ing points in the path of the eccentric. On
the side of the said intermediate point next the
eccentric the figures 1, 2, 3, 4, 5, 6,7, and 8

40

b, 6, 7, and 8 indicate corresponding pointsin
the movement of the eccentric-rod at the point

15 of connection with the other valve, these three
‘series of points representing equal divisions.

in.the movement of the eccentric.

Fromtherod G alink,, extends downward,
and is conneeted to the crank g, so that when
in the position seen in Fig. 1 the crank stands .
nearly parallel to the connecting-rod, while
the link [ is at substantially right angles to
the rod.: Upon the opposite side of the;arma
link, m, connects that end of the eccentric-rod
g5 G with the crank f on the valve-spindle a, and:

so that in.the position seen in Ifig. 1thecranik
f extends up nearly at right angles to the rod
G, and the link m nearly parallel with therod;
hence when in the position seen in Fig. 1 the
6o crank f receives the directlongitudinal move-
ment of the rod G, but is not affected to any
material extent by the up-and-down movement
of the rod, whereas at thesame time the crank:
¢ partakes of the up-and-down movement of
65 the rod G and not materially of its longitudi-
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nal movement.
- The time of the up-and-down movement will

in this .case.as a convenience for. illustration.

At the point J, or connection between the
rocking arm H- and the eccentric-rod G, the

the eccentric; but on the opposite side of the
point J the path is in the opposite direction:

series of points 1, 2, 3, 4, 5, 6, 7, and 8 indi-
cate the position of the pivots at correspond-.

indicate corresponding points in the path of |
- the eccentric-rod at the connection of the vaive
- on that side, and at the extreme left 1, 2, 3, 4,

i
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‘be ninety degrees behind the horizontalmove- -
‘ment, and- will. correspond with the move-

ments of an eccentric set in unison with the 4o

“movement of the main eranlk.

- From the valve-spindle «, and diametrically
opposite the crank f, is a ecrank, n, from which
a. connection, o, is made to the crank'h of the: |
eduction-spindle d. and valve-spindle b, and 75
diametrically opposite the crank ¢ is a crank,
p, from which a connection, », is made to the.
eduction-crank ¢. These connections o r are:
here shown of crescent shape as a matter of.
convenience; but their effect is practically the 8a
satae as 1f they were straight. o
- In the position seen: in Fig.1, and as the -
parts are there indicated as moving, the indue-
tion-valve of the spindle « is cpen to admit air -
into the eylinder. Upon the opposite end.of 85
the cylinder the eduction-valveupon thespin-;
dle e is open to allow the compressed air:to .
escape. At this time the induction-valve. of

the spindle b is closed, and, because the link I

is at substantially right angles to the move- go.
ment.of the eccentric-rod G, that valve is not
materially affected by the horizontal move- .
ment of the eccentric-rod while the eduction- -
valve of the spindle ¢ is moving under the lon- N
oitudinal or -horizontal movement of the con- g5 |
necting-rod; but as the rod moves forwardun- |
der the action of the eccentric—say to the po-
sition seen in Fig. 2-—the -link-connections -

egradually change. their relative positions.-un- -

til, as seen:in Fig. 2, the link m has attained ro>

‘and passed its position at right angles to the

pathiof the eccentric-rod, while the link / has

reached and is working in a path paraliel.
with . the eccentric-rod. The piston having .
' NOW passed the opposite center, the spindle b

has been gquickly tarned:during this last part.
of the advance movement of the eccentric-rod,

and while the link  is moving in a path sub-

stantially parallel with the path of the.rod,
and thevalvetherefore correspondingly quick--
ly opened, whereas at the same time the op-
posite induction-valve of spindle « has been

closed, and its link s, coming into the.ver--
tical position, or position at right angles to the .
path of the eccentric-rod, attains but: slight
movement from the eccentric-rod, and the.
same which the valve-spindle b on the other -
induction-valve attained when the valve of =
the spindle @ was opening..
- The cranks n and p on the induction-valve
spindles  being diametrically opposite the.
cranks f ¢ of the said spindles, and through'
which they are operated, it follows that when
thesaideduction-valvecranksarereceivingthe -
movement under the longitudinal or horizon-+125
tal movement of the eeccentric-rod the cranks
n p-are respectively passing their dead-center -
with relation to the exhaust-valves, and hence
in such position very little movement is im- -
parted to the exhaust-valves—that is to say,

in Fig. 1, while the induction-valve is being =
rapidly moved, the crank » is imparting very -
little movement to the exhaust-valve spindle -
d at that end of the ¢ylinder, whereas at the
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opposite end of the eylinder the up-and-down |

movement of the eccentrie-rod is impariing
very little movement to the valve-spindle b;
but that movement is communicated to the ex-
haust-crank 4, and the exhaust-valve is there-
fore at this time receiving its quickest move-
ment; but arriving at the opposite points, as
in Fig. 2, this condition, it will be observed, 18
reversed. Thus practically the induction-
valves are operated under the longitudinal
movement of the eccentrie-rod, while the educ-
tion-valves are operated by the up-and-down
movement of the eccentric-rods: |

It will be observed that in the illustration
the throw of the eccentrie is twice as great as
the length of the cranks f ¢; but because of

the swinging movement of the respective links |

! m, whereby they change their direction after
the induction-ports are closed and while the

same ports are being opened, the short cranks |

are permissible, and cousequently a corre-
spondingly quick movement under the greater
throw of the eccentrie, and because of the
connection with the exhaust- valves, as de-
seribed, a correspondingly quick closing and
opening of the exhaust-valves is produced,
and so quick as to be practically instantane-
ous, and the movement of all the valves 1S
produced by a single eccentrie. |

I have stated that this valve-gear is appll-
cable to a steam-engine as well as to an air-
compressor, for mechanically an air - com-

pressor is simply a steam-engine driven In a

direction opposite to that for which the valves
are properly set for the admission and escape
of steam. |

While I prefer to employ the rod H as a

- means for supporting the pivot upon which

4.0

50

theeccentrie-rod is hung,sothat that pivot may

partake of the reciprocating movement of the

rod, the pivot may be arranged upon a slide,

which will reciprocate in a perfectly-straight

path—say as seen in Fig. 4—-or the rod may

slide through a pivoted box, as seen in Ifig. 5.

The method of changing the time of the 1n-
duction - valves may be periormed without
necessarily connecting the same to the educ-
tion-valves—that is fo say, the eduction-valves
may be operated in any of the well-known
methods of operating the eduction-valves 1n-
dependent of the mechanism for operating
the induction—and the method of so changing
the movement of a valve may be applied to a
single valve, as indicated in IFig. 6. I there-

fore do not wish to be understood as limiting
the invention to the combination of connec-
tions from the single eccentric-rod to all the
valves; but by this method I am thus enabled
to operate all the valves by a single rod.

L

I elaim— . .
1. The method herein described for ch_aug-‘
ing the time of a valve’s movement at differ-

| ent parts of its stroke, and which consists in
| automatically changing the direction of the

valve’s connection with the ececentric-rod dur-
ing the movement of the valve, substantially
as described. N

2. The herein-deseribed valve-gear for op-
erating oscillating induction and eduction
valves, consisting in the combination of an
eccentric, an eccentric-rod extending there-
from and hung upon a pivot in a position be-
tween the valve-spindle at one end of the cyl-
inder and the valve-spindle at the opposite
end of the cylinder, and whereby under thelon-
gitudinal reciprocating movement imparted

6O
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to the rod by the eceentric an up-and-down .

movement is imparted to the said eceentrie-

rod Ly said pivot, a crank on each of the

valve-spindles, a link connecting one valve-
crank with the rod upon one side of its sald
pivot, and a similar link connecting the other
crank with the said rod upon the opposite
side of said pivot, substantially as described.

3. The herein-deseribed valve-gear for the
operation of induction and eduction valves,
consisting of an oseillating induction and an

oscillating eduction valve, whose poris open
into one end of the cylinder, and alike indue-
' tion and an eduction valve, whose ports open
to the opposite end of the eylinder, the axis

of said valves being substantially parallel
with each other, an eccentric, an eccentric-
rod extending therefrom and hung upon a

| pivot in a position between the valve-spindles.
at one end of the eylinder and the valve-spin-

dles at the opposite end of the cylinder, and
whereby under the longitudinal reciprocating
movement imparted to said eccentrie-rod 16
will also receive an up-and-down movement,
a crank on each of the said valve spindles, a
link connecting one of the valve-cranks at
one end with the rod napon one side of its said
pivot, and a similar link connecting a valve-
erank ab the opposite end of the cvlinder with
the said rod upon the opposite side of said
pivot, and a connection between the two
cranks so connected to the eccentrie-rod and
the eranks of the other valves at the respect-
ive ends of the cylinder, substantially as de-
scribed.

EBENEZER HILL.

Witnesses:
C. J. HILL,
HrxRy H. JENNINGS,
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