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To all whom it ma,y CONCETI:

Be it known that I, JuLIus FROLICH, a sub-
ject of the King of Prussm, residing at Bar-

men, in the Kmﬂ*dom of Prussia, German Em-

pire, have mvented new and useful Improve-
ments in Valves for the Distribution of Mo-

tive Fluids in Motors and Pumps, of which

the following is a specification.
This invention relates to improvements in
valves for distributing the motive fluid in

‘motor engines and pumps, which valves are

moved positively by the piston-rod or crank-
shaft only at the beginning of the stroke,

- whlle furthermovement of the said dl&tubut-

20

.

ing slide-valves required for entirely opening

the motive fluld acts.
be adjusted to act as a constant or variable
cut-off, and this valve can also be used 1in
pumps for conveying elastic or non-elastic
fluids.

The invention consists in the construction
and combination of parts and details, as will

“be fully described hereinafter, and finally
pointed out in the claims.

In the accompanying drawings, Figurel is
a longitudinal elevation of the valves‘at the

- opposite end of a piston and the variable cut-

30

off having mechanism for regulating the
same. 'Fw 218 a 10n0*1tudma,1 houzontal sec-
tional view of the same. Figs. 2% and 2° repre-

~sent parts of Ifig. 2 on an enlarged scale.

35
40
45

5o

| 1]1 en‘th

Fig. 3 1s a vertical transverse sectional View
~on the line ¢ b of Fig. 2.

Fig. 4 isa diagram-
matic view showmﬂ' the manner of settlnn'
the variable cut-o
Fig. 5 shows the same arranﬂement_as Fig. 1

as arranged when working the fluids, having”

a- constant expansion. Fig. 6 represents a
slide-valve governing both ends of the cylin-
der constructed according to my improve-
Fig. 7 shows a vertical longitudinal
sectional view showing the substitution of a
piston-valve in place of the slide-valve in
Fig. 6. Fig. 8 is a vertical longitudinal sec-
tional view of the slide-valve of K I‘in. 6 as ar-

ranged for a variable expansion. Fig. 9 is
a plan view of. the construction shown in Fig.

8. Fig. 10 1is a detail sectional view of the_

cam. z—md valve shown in Fig. 9. Fig, 111s a

vertical longitudinal sectional View.of the
slide-valves governing both ends ot the cyi-

by means of the governor.

!

'hand end of the cylinder.

inder as arla,n ged for non-elastic fluids.
121isa vertical lonn‘ltudmal sectional view of 2

distributing device for pumps forelastic fluids.

with Sep&m,te auxiliary valves., Fig. 13 1s a
side elevation of a va,lve-ﬂ‘ear for pumps hav-
Ing separate d1stnbut1nﬂ slide - valves for

each end of the eylinder, as shown in Figs. 1,

2, and 5. Fig. 14 is a horizontal sectional
view thereof. Fig. 15 i1s a transverse sec-
tional view thereof on the line ¢’ b’ of Fig.
14; and FKig. 16 1s a detall sectional view of
one of the valves, showmg a modified con-
struction.

Similar letters of reference mdlca,te ecme—

_ sponding parts. -
the passage 18 produced by pistons on which |
The valves can also

The valve-cylinders a” are - connected with

Fig.

6o

each end of the motive cylinder a by the in-

let-passage f, which valve cylinders ¢ are con-
nected by the outlet-passages /7 with the ex-
haust-pipe.
inder a contains a distributing-valve ¢, the
stem of which is connected with the cross-
piece d" of a sleeve d?, into which the elonga-
tions ¢’ of the plStO.ﬂ-l od ¢ can 1eclprocate
The elongations ¢’ of the piston-rod are

(Not shown.) Each valve-cyl-

75

provided Wlth heads c*, that canstrike against

the closed outer ends of the sleeves d®. The
opposite cross-pieces d’ are connected by the
rods d. Each valve-cylinder.a a,lso contains
a piston ¢, having a piston-rod q on the op-
posite end of Which a piston ¢’ is mounted,
upon which the steam can act, which steam
is conducted from the cylmdel a or from the
inlet- channel f through the plpe i into the
cylinder ¢° of said piSton' g’

ing that stroke 1s as follows: As shown in Kig.

5, the left-hand end of the motive eylinder a.

is connected by the channels f and 7’ with
the exbaust-pipe, whereas the right-hand end

of the cylinder ¢ is connected by the channel I
with the live-steam or inlet pipe, which is™

pass

not shown. The steam continues to

| 8o

(See Fig. 20)
The movement of the distributing-valve dur-

go

through the channel f into the right-hand end

of the cylinder @ until the channel A’ is
brought in communication with the right-
If the pulston b
while traveling from right to left passes the
end of the channel o/, the live steam passes
through the said channel % into the small
Gylmdel g°,and acting on the piston ¢’ presses

the same a,nd the cut-off piston-valve ¢, con-

100




433,578

nected therewith, to the right and in contact ] of the piston-rod by means of a pwoted lever

with the steam-valve e, and_ thus shuts off the ,as shown in Fig. 13, by means of an eccen-
 live steam from the main cylinder . Near tIiC disk ¢ on the crank-shaft | 70
the end of the stroke of the piston from right It is by no means absolutely necessary
y to left the 110'*ht hand head c® of the piston- rod | with my improved construction of valves that

elongation ¢’ strikes against the right-hand | each end of the cylinder be provided with a
cross-bar d’ and by means of the covneetuw- separate valve, as a common valve can be
rods d, moves both valves e positively from | used for governing the admission and exit of 75
T ﬂ*htto left. Thereby at theright-hand endof | the stemn to both en(]b ol the cylinder, which

10 the cylinder @ the channel /2% is out off fr omthe | valve can be constructed as a piston-valve,
exhaust, and by means of the channel * said | as shown in Fig. 7, or as a slide-valve, as .
cha,nnel i* is eonnected with the live-steam { shown in Fig. 8. I‘1c- 7 shows a valve con-
inlet. The live steam now acts on the right- | structed for a uniform cut-of " and Fig. 8 for 8o
hand end of the slide-valve ¢ and moves the an adjustable cut-off. In the eoncstruetlon

15 same to the extreme position toward the left, | shown in Fig. 7 the rod for operating the

- whereby the right end of the cylinder ¢ is | valve is moved in the same manner as shown
connected by the channel J7with the exhaust | in Fig. 6—that is to say, it moves in the in-
pipe or channel. At theleft-hand end of the | verse “direction of the movement of the plston 85
maln cylinder ¢ the left-hand end of the | in the main eylinder ¢

20 slide-valve e is connected by the channel 7?2 IFig. 6 shows a plthIl at the end of its stloke
with the exhaust-outlet, and the live steam, from left to right, the slide-valve e having
acting atthe same time on the right-hand end | been moved from 11nht to left. The motive
of the slide-valve e, moves the same toward | fluid now passes thr ouc-*h the channel & to the go
the left until the exhaust-channel /7 18 com- | right-hand end of the Ppiston in the valve-

25 Ppletely opened, and so on. In order toadapt | eylinder, and the valve e is moved still far-

- this valve movement for an adjustable cut- | ther from right to left until the channels I
off, the channel %/, which conduects stoam are entirely open. When the piston in the
into the small cut- oft valve-cylinder g¢° is | cylinder o has been moved so far to the left o3

- not connected with the main cylinder «, | that the channel A/ is connected with the
3¢ but with the live-steam 1111et-channel 7. Tn right-hand end’ of the main eylinder a, the
an extension of each cylinder ¢° a cock 1IVG steam passes up through said channel h
18 arranged, which has an L-shd,ped bore, | and acts on the 11n'ht-hand piston ¢’, where-
which eoeks can be turned from the main by the cut-off valve g, connected thercmth 100
shaft by gearing in the proportion of one | is moved to the left until it rests against the
35 to two, and whenever said cocks are turned | valve ¢ and closes the channel 7, thus cutting
from the main shaft the live steam can be | off the steam and preventing a further pas-
cut off. The two cocks 7 are connected by | sage of steam through the right-hand c¢han-
~a spindle [/, having spiral grooves, and on | nel f to the rln*ht-hand end of the cylinder. 1035
said spmdle the toothed wheel J is mounted Near the end of the stroke from 11ﬂht to left
40 loosely, and is engaged by a bamel—pmlon k" | the valve e is moved from left to I‘lﬂ‘ht and
- mounted on the shaft #° which is driven | automatically opens the channel 7 for admit-
from the crank-shaft of the engine in any | ting steam into the left-hand end of the main
sultable manner. By a,d;]ustmw or shifting | eylinder a.  If the cut-off is to be made ad- 110
the toothed wheel /£ on the spindlelin the di- justable, the valve e is provided with two

45 rection of its length the cut-off can be | channels 74 as shown in Ifig. 8, which can
changed at will. VVhen the gearing for driv- | be connected by the channels A° with theé ex-
1nﬂ'the spindle [ is arranged in the pmpmtmn haust - ehannel Thereby a double piston-
of one to two, which is sufficient fo turn the | valve g° is actuated, which closes the steam- 115
spindle [ one hundred and eighty degrees for | inlet. The connection of the channel /° with

5o adjusting the cocks, so that the steam is not | the ethaust channelisaccomplished by means
cut off, the live steam passes into the main | of valves ¢/, Fig. 10, which can be opened and
cylmder a throughout the entire stroke. closed at will. I‘OL the purpose of opening

In place of a spmdle having spiral grooves | and closing these valves a shaft 2, Fig. 9, is 120
a spindle having &IODU‘ITU_dIHELI groovecan be | arranged at the side of the cyhnder and on

55 used, and in that case the wheels % &’ must | said shaft 2 a sleeve I’ 1S mounted, that is
have screw-teeth. The wheel % is adjusted | provided with spiral projections that can act
by means of the serew-spindle o, Fig.1, which | on the valve-stems and press the same in-
carries a nut n, having tﬁoalmsmembmcmw ward, thereby opening said valves. Theshaft 12z
the wheel %&. The smndle 0 can be turned by 2, and with it the sleeve [/, is turned {from

6o means of a hand-wheel, as shown in Fig. 1; the main crank-shaft in any suitable man- =
or it can be connected w1th the well- l{nown ner, and sald sleeve [’ is provided with two
governor, as shown in Fig. 4. collars between which the prongs of a fork r

When ‘the eéngine 1s to be rev ersed, the | are mounted which fork is controlled by the 13c
valves ¢ are reverqed by means of the hamd- governor and transmits longitudinal move-

65 lever p while the engine is in motion. ment to the sleeve [’, thus ..sh1ftmg the saine

Asshown in g 6 the rods for moving the | on the rotative shaft L During the move-

Valves can be opelated from the extenslons | ment of the piston in the main c}lmde1 afrom
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left to right the slide-valve ¢ is moved from ] inder the channel 718 dlseonnected from the -

right to left When the piston in the main
cylmder a arrives at the end of ifs stroke, the
valve e has slightly opened the right-hand
channel 1, so that the ﬂmd behind the left-
hand end of the valve ¢’ can escape, and as

‘the fluid at the right-hand end of the valvee

~ has greater pressure it forces the valve ¢

10

20

30

35

40

45

and the valves must be made of such size that

55

'l60

pumps, as shown in Figs. 11 to 16.

from right to left, whereby the channels f are
opened and theright-hand end of the main eyl-
inder a 18 blOUfrht_ 1n communication with the
steam-inlet and the left-hand end is brought
in communication with the exhaust -outlet.
When the valves are in this position, the
channel 2*isin communiecation with the chan-
nel 7% so that the mﬁtwe fluid behind the
double slide - valve g* can escape at the time
that the valve ¢’ is opened. Thereby the
valve e can be moved from right to left and
the channel f? closed. This valve- -gear has
the advantage that it 1s well adapted for
Figs. 13,
14, and 15 show the valve-gear for pumping
elastic fluids.
extreme right-hand position in the main ¢ylin-
der a,the inlet-channels f are closed, and con-
Sequently as the piston moves toward the left
the air in the right-hand end of the cylinder
becomes 1&1eﬁed and at the same time also
becomes rarefied in the space behind the slide-

valve ¢/, as this space is connected by the

channels A? and f with the main cylinder a.
‘As the space behind the valve e* is connected

with the compression-chamber, the greater
pressure acting on the right-hand slide-valve
e moves it from left to right until the channel
f is opened, and ther eb} the right - hand end
of the main cylinder a is eonneeted with the
airor any other fluid that is to be compressed.
During this time the charge of the left-hand
end of the cylinder is bemﬂ compressed until
the pressure in the compression-chamber 1s
reached. If the fluidis compressed still mor e,
the greater pressure acting on the piston ¢’
forces the valve e from left to right, and there-
by the inlet-pipe is closed and the left-hand
end of the main cylinder « is brought in com-
munication with the compression - chamber.
The space in which the outer piston-valve e
works is connected by the channel A? with the
main eylinder, and the space in which the
inner piston-valve ¢* works 1s connected by
thechannel A® with the compression-chamber;

the difference in size in favor of the outer one
is such that when the desired degree of com-
pression hasbeen obtained the pressure on the
outer piston-valve will be sufficient to over-

come the friction and to move the left-hand

slide-valve e from left to right, and thus bring

- theleft-hand endof the main ¢ylinderain com-

munication with the compression-chamber.
During the latter part of the movement of

the plfatOIl in the main cylinder both piston-
valves e are moved from right to left by

means of the head ¢* and the rods d, and

When the piston b is at the

compression-chamber and at the right-hand
end the channel 1 is disconnected from the
inlet-channel
ure 1n both cylinder ends after a stroke the
slide-valves e are provided with the channels
h®, which by means of the channels A pro-
duce this equalization of pressure. This ar-

rangement can be modlﬁed by providing for .

the plston-valves e’ e of different sizes the
plunger-piston e, Fig. 16, at the inner end
and solid plstonq &5 at the outer end. The
rods ¢ for positively moving the valves are
then connected with the plunger-pistons or
their extensions s, whereas the automatic
movement is obtained by fluids passing
throngh the channel A% which channel at the

| begmmnw of the compr e_sswn-stroke connects

the space behind the piston ¢* with the com-

pressed fluid in the eylinder and at the be-
~ginning of the suction-stroke creates rarefac-

tion of air.

The pumps can be constructed with-a sin-

gle slide-valve for both ends of the cylinder—
as 1is, for example, shown 1n Fig. 11, which
shows a construction of this kmd for puamps
used for pumping non-elastic fluids, The
rods d are moved in the same direction- as
the piston-rod of the main c¢ylinder. When
the piston in the main cylinder moves from
left to right, the slide-valve e moves from left
to right, z‘md when the stroke is completed is
in such position as to c¢lose both channels f

f’. So as to equalize the press-

75

80

90 -

95

. 1CN
If the piston now moves to the left, the space.

behind the right-hand piston ¢’, which is con-

nected by the channel /& with the right-hand '

end of the main cylinder, is balanced, where-

as at the same time a greater pressure is pro-

vided behind the left-hand piston ¢’. There-
by the valve is hroughtinto its extreme right-
hand position, and the right-hand end Of the
main cylinder a 18 eonnected by the channel
17 with the suction-pipe and the left-hand end
with the compression or stand pipe. Near
the end of the stroke from right to left the

105

110

rods d are again actuated by one of the heads |

on the piston-rod, and the slide-valve e is
moved from 11nht to left until the channels f
are closed.

115

In order to dwreasc the blows of the pl&.-— ,

h are provided with cocks 7%, by means of
which the channels 2° can be thmttled as de-
sired. When reversed, this constructlon can
be used for water- motors In this case the
mechanism for positively moving the valves
must be so arranged as to move reversely to
the piston—for example, by means of a lever,
as shown in Kig, 6.
fluids a double slide-valve ¢° Fig. 12, is used,
which valve ¢° is moved by a fluid conducted
by suitable channelsinto thespacebehind said
valve, and the mechanism for positively mov-
ing the slide-valve must in this instance also
move in the direction of the piston.

end of the stroke both channels f* are closed,

theleby at the left hand end of the main ey 1- l and when the ‘piston in the main cyhnder

ton-valves as much as possible, the channels

120

‘125
For pumps for elastic

130

At the
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moves toward the left the right-hand piston-
valve e’ 13 balanced, whereas the pressure on
the left-hand piston-valve ¢’isincreased, and
thereby the slide-valve is moved to the right,
S0 that the right-hand half of the main eylin-
der is brought in ¢ommunication with the
suction-pipe. During thistime the left-hand
end of the main cylinder is disconnected from

the compression-chamber by the double slide- |

valve ¢°. " As soon as the fluid in the left-hand
end of the main cylinder has the desired
highest pressure the double slide-valve is

-moved from right to left by the increased

pressure in the space behind the piston, and
thus the connection made between the eylin-
der and the compression-chamber. Near the
end of the stroke the slide-valve is moved
positively in the same direction with the main
piston until the channels f are closed. Af
the same time the double slide-valve ¢° strikes
against the projection 7, whereby the same is
moved back and closes the channel F2. For
the purpose of equalizing the pressure at the
end of the stroke the channels 2% and /7 have
been provided. | | |
Havingthusdescribed my invention, I claim
as new and desire to secure by Letfers Pat-
ent— | |
1. 'The combination, with a main cylinder
and a piston therein, of one or more valve-

~ eylinders connected with said main cylinder

by channels for the fluid acting on or acted

- upon by the piston in the main ecylinder,

35

40

valves 1n sald valve cylinder or eylinders,
cut-off pistons in said valve-cylinders, means
for operating said cut-off pistons by the fluid
in the maln cylinder,and mechanism operated
from the piston-rod of the main cylinder for
positively shifting the valves in the valve-
cylinders, substantially as set forth. |
2. The combination, with a main cylinder
and a piston therein, of one or more valve-

~ cylinders connected by channels with the

50

55

6o

65

‘main cylinder, valves in said valve-cylinders,

cuf-off pistons in said valve-cylinders, pis-
tons connected with the cut-off pistons, cham-
bers 1n which said pistons connected with the
cut-off pistons can work, channels connecting
the cylinder or its inlet-channels with said
chambers for the pistons, and means for posi-
tively shifting the valves in the valve-cylin-
der from the piston-rod of the piston in the
main cylinder, substantially as set forth.

3. The combination, with a main eylinder
and a piston therein, of one or more valve-
cylinders connected by channels with the
main cylinder, valves insaid valve-cylinders,
cut-off pistons in said valve-cylinders, operat-
ing-pistons connected with said cut-off pis-
tons, chambers in which the operating-pis-
tons work, channels for admitting steam into
the chambers of the operating-pistons, cocks
for closing said channels leading to the cham-
bers of the operating-pistons, and means for
adjusting said cocks from the movable parts
of the machine, substantially as set forth.
4. The combination, with a main eylinder

"
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and a piston therein, of one or more valve-

cylinders connected by channels with the

main cylinder, valves in said valve-cylinders,
cut-off pistons in said valve-cylinders, operat-
ing-pistons connected with said cut-off pis-

tons, chambersin which the operating-pistons

work, channels for admitting steam into the
chambers of the operating-pistons, cocks for
closing said channels leading to the chambers

of the operating-pistons, a spirally-grooved

shaft connected with the cocks,a wheel mount-
ed loosely on said shaft and having its hub

| engaged with the spiral ribs on the shaft, a

barrel-pinion engaging said toothed wheel,
and means for rotating the barrel-pinion from
the movable parts of the machine, substan-
tially as set forth. |

9. The combination, with a main cylinder
and a piston therein, of one or more valve-
cylinders connected by channels with the

main cylinder, valves in said cylinders, cut-

oif pistons in said valve-cylinders, operating-
pistons connected with said cut-off pistons,
chambers in which the operating - pistons

work, channels for admitting steam into the

chambers of the operating-pistons, cocks for
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closing said channels leading to the cham-

bers of the operating-pistons, a spirally-
grooved shaft connected with the cocks, a
wheel mounted loosely onsaid shaft and hav-

ing its hub engaged with the spiral ribs on the
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shatt, a barrel-pinion engaging said toothed

wheel, means for rotating the barrel-pinion

from the movable parts of the machine, and
means tor shifting the toothed wheel length-
wise on the spirally-ribbed spindle, substan-
tially as set forth. |

6. The combination, with a main cylinder
and a piston therein, of a piston-rod project-
ing from both ends of the cylinder, a sleeve
mounted loosely on each end of the piston-
rod, a cross-bar connected with each sleeve,
rods connecting the cross-bars, one or more
valve-cylinders connected by channels with
the main ecylinder, a valve in each valve-
cylinder, which valves are connected with the
cross-bars of the sleeves on the main piston-
rod, a cut-off valvein each valve-cylinder, and
means for operating said cut-off valves by
live steam, substantially as set forth. |

/. The combination, with a main eylinder
and a piston therein, of one or more valve-
cylinders connected with the main cylinder,
a steam-controlling valve in each valve-cylin-
der, a cut-off valve in each valve-cylinder,
means for operating the cut-off valves by live
steam, and means for conducting the live
steam from the main cylinder to said means
for operating the cut-of
as set forth.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

JULIUS FROLICH.

Witnesses: |
CARL KRUGER,
HERMANN KOEPPEN.

I10C
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- valve, substantially
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