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UNITED STATES PATENT OFFICE, 
HENRY J. BEEIRENS, OF TREMONT, NEW YORK, N. Y. 

IMPROVEMENT IN WAVE-GEARS FOR DIRECT-ACTING ENGINES. 

Specification forming part of Letters Patent No. 7S74, dated June 13, 1876; application filed 
April 11, 1876. 

To all chon it may concern: 
Beit known that I, HENRY J. B.EHRENs, of 

Tremont, in the city, county, and State of 
New York, have invented certain new and use. 
ful Improvements in Valve-Gear for Direct 
Acting Engines; and I do hereby declare that 
the following is a full, clear, and exact descrip 
tion of the same, reference being had to the 
accompanying drawing, which forms part of 
this specification. 
This invention relates to valve motions for 

direct-acting engines, in which the valve-gear 
that derives its motion from the engine-pis 
ton has combined with it an independent 
plunger, constantly exposed on its one end to 
the steam or other motive gas or fluid, and 
Operating to reverse the valve at the close of 
the piston's stroke in either direction, where 
by an auxiliary valve, to control the action of 
the main valve, is dispensed with, no steam 
is wasted to effeet the operation of the valve, 
and a main slide-valve of ordinary construc. 
tion may be used. e 
The invention consists in a combination, 

With the valve which controls the motion of 
the engine-piston, of gear or mechanism for 
Operating the same, deriving its motion in 
part from the engine-piston and in part from 
all independent plunger, exposed at its one 
end to the pressure of the steanu, and act 
ulated by the piston against said pressure, 
but released toward the close of the pistol's 
stroke, whereby the independent plunger 
Only partially opens the valve a little be 
fore the piston cominences its reverse stroke 
in either direction, and the valve-gear, as 
moved by the engine-piston, operates after 
Ward to rapidly and fully open the valve dur 
ing the commencement of the piston-stroke, 
and subsequently-that is, in the after part of 
the piston's stroke-to close the valve ready 
for the succeeding partial opening or revers 
ing of it by the independent plunger. 
The invention also consists in various novel 

combinations and constructions of certain de 
tails, whereby the above-specified action of 
the valve is obtained by a positive connection 
of the parts composing the valve-gear, with 
out shock or jar, and whereby the length of 
the stroke of the piston is made as positive as 
that of a crank-engine, 

In the accompanying drawing, Figure rep 
resents a longitudinal section of a steam-pump 
in part, or it may be any other direct-acting 
engine, having the improved valve motion ap 
plied, and showing the valve as having been 
started in its reverse stroke by the independ 
ent plunger. Fig. 2 is a similar section, 
showing the engine-piston in a position after 
it has commenced its return-stroke, and the 
valve as fully opened by the direct action of 
the valve-gear. Figs. 3, 4, 5, and 6 are dia 
grams in further illustration of the action of 
the valves for or during different positions of 
the engine-piston. 
A is the cylinder of the engine; B, its re 

ciprocating piston; and C, the piston-rod, D 
is the valve, which controls said piston, and 
which may be an ordinary D-shaped slide 
valve, arranged to reciprocate within a valve 
chest, E, to which the steam is freely admit 
ted, said valve serving to control induction 
and eduction passages a b leading to opposite 
ends of the engine-cylinder, and an interme 
diate exhaust port or passage, c. G is the in 
dependent plunger, exposed to the atmosphere 
at its outer end, and to the pressure of the 
steam at its inner end, said plunger Working 
in a chamber, F, which is in free communica 
tion with the valve-chest E, or may form part 
of it. H is the main valve, operating lever 
pivoted at d, and connected with the stem of 
the valve D by a rod, I, and forked at its 
outer or free end, forming horns ee'. KK is 
a bell-crank lever, or the two arms thereof, 
having its fulcrum or center of motion f with 
in the fork or horns e e' of the lever H, and 
connected-that is, its one arm K-with the 
piston-rod O by a link or rod, L, forming a 
sort of toggle motion, and its other arm, K, 
with the independent plunger G by a connect 
ing-rod, M. Furthermore, said lever K. K. 
has secured to its working center fa cam, N, 
arranged to work within the hornsee? of the 
lever H. This camN is constructed or shaped, 
so that in being vibrated by the rocking of 
the bell-crank or lever KK", to which it is at 
tached, it only acts upon the lever Hat inter 
vals-that is, when coming in contact with the 
hornsee', sooner or later, toward the close of 
the engine-piston's stroke. 
The operation is as follows: Supposing the 
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engine-piston B to be moving to the right; 
then as, or shortly before, it reaches the end 
of its stroke in that direction the valve D is 
partially opened or reversed, as regards its 
control of the passages at b c to act as a cush 
ion to the piston, and to move it to the left by 
the independent plunger G, which previously 
has been worked inward against the pressure 
of the steam, being forced outward by the 
steam, and acting through the cam N on the 
horne of the forked lever H to partially throw 
or reverse the valve, as shown in Fig. 1. This 
takes place by the flexing to the right of the 
toggle-joint connection, formed by the arm K 
of the lever KK and link L, with the piston 
rod C, so soon as the pivot g, which connects 
the link L with the arm K, reaches or passes 
its culminating-point-that is, when said pivot 
is in a straight line with the fulcrum or center 
if of the bell-crank or lever KK", and the pivot 
or joint h, by which the link L is attached to 
the piston-rod. 
The piston B then starts to the left, and by 

the time it has reached the position repre 
sented in Fig. 2-that is, after it has fairly 
started-the valve D has its opening rapidly. 
and fully completed, to continue the motion 
of the piston to the left by the action of the 
link-rod L on the arm K, to continue the ac 
tion of the cam N on the horn e of the lever 
H. till the link L assumes a right-angled posi 
tion, or thereabout, in relation with the pis 
ton-rod C, after which the piston B continues 
to move to the left without shifting the fully 
open valve, as shown in Fig. 3, by reason of 
the free play of the can between the horns e 
'e' of the lever H. This continues until the 
piston B has moved some distance in the cyl 
inder, or is approaching the conclusion of its 
stroke to the left, when the cam N, as actu 
ated by the arm K and link L, acts upon the 
horn e' of the lever EI to close the valve, as 
shown in Fig. 4, and so that the valve is not 
opened again till immediately before the pis 
ton reaches the end of its stroke to the left, 
On the piston reaching this last-named posi 
tion, however, the valve is partially opened or 
reversed, as shown in Fig. 5, by the independ 
ent plunger G, which previously had been 
worked inward against the pressure of the 
steam, being forced outward by the steam, 
and acting, through the cam N, on the horn 
e' of the forked lever H, to partially open the 
valve to reverse the engine, till the flexing to 
the left of the toggle.joint connection formed 
loy the arm K and link L with the piston-rod 

C. The piston B then starts to the right 
again, and as the link L approximates or 
reaches a position which is at right angles to 
the piston-rod, as shown in Fig. 6, the valve 
D is fully opened by the continued action of 
the cam N, through the piston-rod C, link L, 
and arm K, on the horne of the lever H, af. 
ter which the cam N works free between the 
horns e e' till it is required to close the valve, 
when it is caused, by the motion of the piston, 
to act upon the horn e and close the valve pre 
paratory to its being partially opened again 
by the independent plunger G as, or shortly 
before, the piston B reaches the end of its 
stroke to the right again, as hereinbefore de 
scribed. 
By varying the length of the arm Krela 

tively with that of the link L, the point in the 
travel of the piston at which the valve ceases 
to open may be changed; and by varying the 
shape of the cam N, the closing of the valve 
may be regulated to take place at any desired 
point in the piston's stroke. 
All the parts of this valve-gear being con 

nected, so that the motion is positive, there 
need be no knocking or shock in the working 
of it, and the valve is operated and controlled 
in part by the engine-pistol), and in part by 
the independent plunger. 
I claim 
1. In direct-acting engines in which the 

main valve that conitrols the motion of the en 
gine-piston has combined with it an independ 
ent plunger, exposed at its one end to the 
pressure of the steam, and operating to con 
trol said valve, the combination, with such 
valve, independent plunger, and engine-pis 
ton, of valve gear or mechanism organized to 
only partially open the valve by the action of 
the independent plunger, and to subsequently 
complete the opening of it, and afterward to 
close the same by the direct or positive action. 
of the engine-piston preparatory to the partial 
opening of the valve again by the independ 
ent plunger to reverse the stroke of the en 
gine-piston, substantially as specified. 

2. The combination, with the engine-piston 
B and its controlling-valve D, of the plunger 
G, the lever H, the valve-rod I, the lever KK, 
the link L, the rod M, and the cam N, sub. 
stantially as and for the purposes herein set 
forth. 

EIIENRY J. BEEIRENS. 
Witnesses: 

HENRY T. BROWN, 
MICHAEL RYAN. 

  
  

  


