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To all whom it may concern.:

Be 1t known that I, ROBERT HARDIE, of
Schenectady, in the eouuty of Seheneetady
and State of New York, have invented a new
and useful Impmvement In Direct - Acting
Engines, of which the following is a Speeiﬁ—

cation.

The invention will be hereinafter more

fully described, and pointed outin the claims.

In the accompanying drawings, Figure 1 is
an elevation of a direct-acting motor cylin-
der and piston, including a vertical section
of two single-acting pump-pistons connected

~with the motor-piston according to my in-
Fig. 2 is an end elevatmn of the

vention.
apparatus. Flﬂ 3 is a plan of the link-work,
whereby the pmnp—-plstons are connected
Fig.41s an elevation

corresponding to Kig. 1, but showing the

pump-pistons the reverse of Ifig. l—th&t 1sto
say, the pump-pistons being ShOWIl in Fig. 4

the left hand as at the upper end of its str 0]{6
while in Fig. 1 the left-hand and 1"ight-hand
pistons are respectively represented at the
lower end and at the upper end of theu

strokes.

Similar letters of reference deswnate COr-
responding parts in all the figures.
- A designates a motor- eylmdel within Wthh
isa plston (not shown,) which pistontransmits
its motion through a piston-rod A® working

through one end of the cylinder A. Ad;m—-_

cent to and extending parallel with the cyl-
inder A is a valve-chest A® within which op-
erates a valve, and this 'Valve 18 operated
during the first part of its movementthrough
the valve-stem B/, and during the latter por-
tion of each movement the valve is operated
by the pressure of steam or other motive
fluid upon it.

For purposes of illustration I have hele
represented my invention as embodied in an
air pumping or compressing apparatus for
supplying compressed alr to operate a Sys-
tem of brake appliances. I have here shown
two pump-cylinders C C’, and the pump-cyl-
inders C C/, as well as the motor-cylinder A,
are secured to a back plate or frame D, which
is suitably supported in position upon a loco-
motive, as 18 usual.

Wlthm the pump-cylinders ¢ ¢’/ opelate

sinole-&ctino pistons C*C? and in each piston
is an inlet air-valve or induction-valve c,
throngh which air enters the pum]p-cylmder
I have repr esented a large puppet discharge-
valve ¢/, which is contained in the casing
above each pump-cylinder C C/, and which
closes upon a seat ¢ The bore or ¢ylindric
cavity within which the discharge-valves ¢’

move communicates by passages ¢® with an
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intermediate chest ¢, into which the air is

compressed and from which the compressed

alr may be taken for use.

It will be observed that the plStOIlS or plun-

gers C* C° of the pumps are in the form of
hollow trunks, and the suction or induction
valve ¢ of each trunk is at the upperend and
occupies nearly the whole area of the trunk,
while the delivery-valve ¢/, which is also
large, 1s just inside of the top head and in
such a position that the induection or suction
and the eduction or delivery valves come
very close to each other at the inner or upper
limit of travel of each piston. The down-
ward movement of each pump-piston C? C3
will aid the opening of the suction-valve by
the inertia of the latter, and air will be taken
into the ¢ylinder by the open trunk; but for
pumping gases or liquids another form of
pump-piston would haveto be employed.. It
will thereiore be seen that, inasmuch as the
induction-valves at the upper ends of the
movement of the pump-pistons come close to
the discharge-valves ¢’, there will be the
smallest possible amount of clearance in the
pump-cylinders, and the pumps will there-
fore work most economically.

I will now describe the connections which
are employed between the motor-piston A’ and
the pump-pistons C* C° Each pump-piston
C? C® has pivotally connected with it a link d,
and these links are jointed at d’ to levers d? d*“’
which are fulerumed atd:. It therefore fol-
lows that each link d and the lever d? or d3,
which is connected with it, constitute tow‘le-
levers, which are brought 1111:0 line or deﬂeeted
out of line to peliorm the strokes of the
pump 1in one or other direction. The two

movable joints d’ of the toggle-levers are con-
nected by a link d°, and the main piston-rod
A-of the m0t01—p1st0n is connected by a link
-d® with the link d° at a pomt about mldway
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of thelength of said latterlink. Asbestshown

be shifted; as I shall soon describe, and then

the motor piston-rod A*> moves toward.the |

shown in Fig. 4. Dy this operation the tog-
gle-levers d. ¢° have been deflected to their
fullest extent and the pump-piston C* pulled
down, while the toggle-levers d (? have been
straightened into line, or thereabout, and
have moved the pump-piston C? to the top of
its stroke. At this time the lever ¢® and the
link d® have come into true alignment, as
shown in Fig. 4, and therefore the working-
piston A’ can move no farther toward the
left. When the piston-rod A®is at the ex-
treme limit of its travel in either direction,
one of the levers d* or d’comes into line with
the link d?, thus positively and definitely fix-
Ing the limit of travel of the motor-piston A’,
S0 that the piston cannot strike the cylinder-
heads, while the other lever d® or d? forms a
toggle-joint with its pump connecting rod or
link d, and gives the greatest leverage upon
the pump-piston at the moment of greatest
resistance of the pump and at the moment of
least effort of the motor-piston. It may also
be observed that the pump-plunger will reach
a fixed and definite point at the inner end of
1ts travel, so thatit may be made to approach
as closely as possible to the top head of the
pump-cylinder, thus reducing the clearance
to the utmost practicable limit. This is ob-
viously a very important feature in a pump
used for compressing air, and enables much.
higher efficiency to be obtained than is possi-

1 1 have represented a spr
| employed to arrest the momentum of the

| when either one of the pump-plungers C* C

o ;punlp.;-piggton; (R 18
| stroke, and 1its further downward movement

| has upon the toe d’ of the'l
| moment the .Oppositeiend
| very much less pull upon the toe " of thele
| ver d?, and therefore any further downward

405,409

ring D’, which 1s

I pump-plungers C* C? at the lower end of their
1 travel. Kach end of thespring D’ is attached
to a projecting toe " upon the levers * and
1 d? and the angle of the toe d’is such that

M3

| the lever d? or d° with which that pump-pis-

shown in FKig. 1, the
at the lower end of its

...... ’

| ioned or prevented from having any ill effect.
| e designates two levers, both of which are

sition of parts shown in Fig. 1 the truck-

roll e* upon the pump-piston C*has by its de-
| scending movement acted upon the lever e,

with which it 1s in contact, and has thereby
moved the valve-rod B’ toward the right
hand; but as the pump-piston C? ascends and

of the spring exerts
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the pump-piston C° descends the truck-roll ¢* -

upon such latter piston will act upon the
right-hand lever e, and will then move the
valve-rod B’ in the reverse direction or to-
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ward the left hand of Ifig. 1, and as particu-

larly shown in Fig. 4.

The several fulcrums for the levers d? d?,
and alsofor the valve rockers orlevers e, may
all be mounted upon the back plate or sup-
port D, as is shown in Figs. 1 and 2. =

What I claim as my invention, and desire
to secure by Letters Patent, is— -

1. The combination, with a direct-acting

motor piston and cylinder, of two single-act-

ing pump pistons and cylinders, two pairs of
toggle-levers for the pump-pistons, each pair
having a fixed fulecrum and connected with
the pump-pistons and the two pairs being
connected together, so that the levers of one
palr straighten into line as those of the other
pair deflect from a straight line, and a con-
nection between the rod of the motor-piston
and the movable joints of the toggle-levers,
substantially as herein described.

2. The combination, with a direct-acting

motor piston and cylinder, of two single-act-

ing pump pistons and c¢ylinders, two pairs of

| toggle-levers, each pair consisting of two mem-
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- bers * or ¢ and d, jointed together at d’, the

- former ? or d® fulerumed at d%, and the lat-

ter d connected with its pump-piston, the link
d®, connecting the movable joints of the two
pairs of levers, and the link connecting said
link d® at a point between its ends with the
motor piston-rod, substantially as herein de-

~ scribed.

IO

3. The combination, with a direct-acting
motor piston and cylinder, of two single-act-
ing pump pistons and cylinders, two pairs of

- toggles consisting of thelevers d* d?, fulerumed

at d* and havingthe toesorarms d?, connected
by the spring D’, and the rods d, jointed to
said levers and to the pump-pistons, and a
connection between the motor piston-rod and

- themovable jointsof the pairs of toggle-levers,

substanfially as herein described.

[

4. The combination, with a direct-acting
motor piston and cylinder, and a valve for
controlling the movements of said piston, of
two single-acting pump pistons and eylinders
and pairs of toggle-levers through which said
pump-pistons are operated by the motor-pis-
ton, and levers ¢, connected with the valve-
rod of the motor-cylinder and which are op-
erated on alternately by the pump-pistons in
their descending movements to move the
valve, substantially as herein deseribed.

ROBT. HARDIE.

Witnesses:
S. W. JACKSON,
W. G. SCHERMERHORN.
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