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Application filed January 8, 1912,

To all whom it may concern:

Be it known that we, Pavr H. MueLLer
and Lupwie H. Scuvier, subjects of Ger-
many, and residents of Brooklyn, in the
county of Kings and State of New York,
have 1nvehted certain new and useful Xm-
provements in Internai- Combustion En-
gines, of which the following is a specifica-
thIl.

This invention relates to improvements in.
internal combustion engines, and particu--

larly to the valve mechanism thereof and
operating connections therefor; it being in

the n'ltme of an improverment upon that -

disclosed in our pum application, Ser. No.
656,151, filed Oct. 23, 1911, in which we have
illustrated a valve mechanism in which a
single valve, common to the inlet and out-
let ports of a cylinder, controls both the
admission of a charge to said evlinder and
the exhaust of the waste gases and products
of combustion therefrom, said valve being
so monnted as to be capable of movement
toward and from its seat in the direction
of an axis about which it is tuwrned by a
suitable rotary element forming a part of
the aforesaid operating connections.

In the valve moghamsm of our prior ap-
plication, the valve is so connected with its
operating means as to be actuated continu-
ously. The valve being a rotary one and
being exposed to the pressure of the charge
in the evlinder during eompression, and Alh()
subject to the pressure developed in the cyl-
inder on the ignition or explesion of a
charge. 1s held strongly ‘10(1111\f its seat dur-
ing compression and explosion. the result
being that not only is an excessive amnount
of power required to operate the valves
during these portions of the cyvele. but there
is also an undue amount of wear on the
valve-seat.

One of the principal objects of the pres-
ent invention 1s to provide means for oper-
ating a valve of this general character in
such a manner that its 01>u(1t1(>‘1 will bhe un-
affected by pressuve in the eviinder dm'ing

the periods of compression and explosion,

while at the same time the wear on the valve-
seat just referred to will be avoided. This
result is accomplished by providing means
for actuating or votating such a combined
admission and exhaust valve as is disclosed
in our aforesaid application intermittently
instead of continuously, the operating means

" Bpecification of Letters Patent.

Patented July 4, 1916,
Serial Mo, 670,141.

being such as to actuate the valve during
admission and exhaust while preventing
movement of the valve during compression
and explosion.

Another impo;tant feature is the applica-
tion of such a mechanism to a multi-cylinder
internal combustion: engine, and the provi-
sion of means for operating a plurality of
such combined admission and exhaust valves
intermittently ix similar cycles, but so that
the cycles of the different cylinders differ
in phase, corresponding operations in dif-
ferent cycles being ordinarily 90° apart.

In order that the valve of each cylinder
of a multi-cylinder engine may perform its
functions properly and in a definite rela-
tion to those of each other valve, the operat-
ing means is preferably of such a character
as to cause each individual valve to move
through a predetermined distance or arc
during admission, and through another pre-
determined distance or ave For exhausting
the burned gases, etc., and prevent any
movement of sald valve during the com-
pression and explosion periods. This result
is preferably obtained by providing means
for positively stm)pino or locking the v aive
go that it cannot move during cither of these
periods.  In addition to this the operating
devices for a plurality, of valves are prefer-
ably so connected that not only does each
valve operate intermittently, but the inter-
niittent operation of each v alve hys a definite
predetermined rel ation to the intermittent
operation gf each other valve.

Other features of the invention not here-
inbefore referred to will be hereinafter de-
seribed and ¢latmed and arve illustrated in
the accompanying drawings, in which,

Fignre 1 18 snbstanhaﬂy central, verti-
cal section ‘of so much of a multi- u'hmle
internal combustion _engine as 1s necessary
for the purpose of illustr ating the Appllm—
tion of our improvements the}eto Fig. 2 13
a plan of the same; Fig. 8 is a ho}_uontal
sevtion of the sanie, section being taken in
line 3-—3. Fig. 1, and illustrating the inlet
and outlet ports as they appear at one level ;
Fig. 4 is a similar \uw section being taken
in line 4—4 Tig. - ]lustmtmg said ports
at o different level, uvd Tig. b 1s a face or
underside view of one of the valves.

Similar characters designate Iike parts
in ail the figtres of the drawings.

As in the ease of the invention disclosed
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in our aforesaid prior application, our pres-
ent improvements may be applied to vari-

* ous kinds. of internal combustion engines,

stationary or movable, and it is to be under-
stood that the particular engine shown in

- the drawings is merely illustrative of one

16

715’

20

25

30

40

45

50

-mechanism 1n which the invention may be

embodied. In order, however, to illustrate
the application of certain specific features
of the invention to internal combustion en-
gines, we have shown a two-cylinder in-
stead of a single-cylinder engine of the
ordinary four-cycle type, with the two cyl-
inders of which are combined suitable
means fg controlling the admission and
exhaust for each cylinder through a single
valve in ‘accordance with our invention.
The admission and exhaust ports leading
to and from each cylinder may also be lo-
cated at any-suitable points and may "co-

operate with the valve mechanism in any -

proper manner so long as the inlet and out-
let ports for each cylinder are all controlled
by the same valve. In the present case one
of the principal features 'of our improve-
ments is the provision of a plurality of in-
let ports and a plurality of outlet ports for
each cylinder, these sets of ports being in-

‘tended to codperate with correspondingly

positioned sets of ports in the respective
valves associated therewith. The object of
providing a plurality of inlet ports and a
plurality of outlet ports for each cylinder
are to permit either cylinder to take a

5 heavy charge when it is desirable, as in

going up steep grades, etc., and to assure
the rapid discharge of the waste gases and
other products of combustion. A detailed
description of the construction and funec-

-tion of these ports will be given after de-

scribing the valves and their operating
mechanism. For the purpose of controlling
the opening and closing in proper succes-
sion of these inlet and outlet ports of the
engine, we make use in connection with each:
cylinder of a combined admission and ex-
haust valve having one or more ports each
adapted to register at the proper times first
with one and then with the other of the
ports or sets of ports controlling admission

.and exhaust. The valve may be located at

" any suitable point in the engine where it
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will perform its functions properly. In
the construction -illustrated, our valve is
shown as located in the explosion chamber
itself, but it is of course clear that it may
be placed out of the zone of the explosion,
and at any proper point in the passages
leading to the.explosion chamber. The con-

‘trolling movement of*the valve may also be

any suitable for the purpose of uncovering
and covering in the proper order the inlet
and outlet ports of its cylinder, but pref-
erably this movement will be a rotary one
as in our ‘aforesaid application, and the

1,180,281

movement will also preferably be derived
from power developed in the engine, usually .
directly from the main crank-shaft. Tt will -
not, however, be continuous in the present
case as it is in our aforesaid application,
but will be an intermittent movement. The
specific valve illustrated is a rotary disk-
valve, two of which valves are shown, one

70

of which is indicated at 2 and the other at -

3. Each has a stem adapted to be oper-
atively connected with. means for actuating
or turning the valve, these stems heing in-
dicated at 4 and 5 respectively. Fach of
these disk-valves preferably has a plurality
of ports through each of which admission
or exhaust takes place according to the
position of the valve, these ports being in-
dicated in Fig. 5 by 6—56, these ports being
so positioned and so shaped as to cobperate
with the fixed inlet and outlet ports previ-
ously referred to. Fach of the valves is in-
tended to be seated constantly dgainst a
suitable fixed wall of the engine, as, for
example, against the valve-seats, 7 and 8:
and substantially the whele back wall of
each valve is here illustrated as shaped so’
as to fit its seat and lie snugly against it.
It will be seen that whatever the rotary
position of either valve may be said valve
1s in constant engagement with its seat, the
seating of the valve being assisted in the
present case, as in our former application,
by means of a spring working between suit-
able stops, which springs are indicated at 9
and 10. Here the stems 4 and 5 of the
valves are journaled in bearings in the
upper ends or heads, 12, of the cylinders
and project outside the walls of the engine
into position for conmection with suitable
means for actuating them. _
It will be understood that while we have
described as our preferred type of valve
one having a plurality of ports, such for
example as the diametrically opposite ports,
6—6, this is for the purpose of facilitating
admission of a suitable charge and expul-
sion of the burned gases, ete. So far as
intermittent operation of a valve of any.
cylinder is concerned, a single port, as in
our aforesaid application, can as well be
used as a plurality of ports. Owing, how-
ever, to the additional advantages to be
derived from the use of a plurality of ports
in each valve and the use of a correspond-
ing plurality or set of ports of each-kind—
inlet and outlet—in the cylinder head we
have illustrated valves having a plurality
of ports. The inlet and outlet ports lead-
ing to and from each cylinder are shown

‘(see patticularly Figs. 1, 3 and 4) as cor--

responding in numbers and positions with
the ports in their respective valves: that is
to say, with a valve having two diametri--
cally opposite inlet ports, such as 6—6—
which are alse at- the proper times outlet
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ports—will ‘be associated corresponding
sets or pairs of inlet and outlet ports in the
associated . cylinder of the engine. The
manner in which these ports are con-
structed will be clear by referring to these
views. ‘

It will be seen that there are two sets of
inlet and outlet passages located at different
horizontal planes, but suitably connected so
that all of the inlet ports and passages for
each cylinder communicate with the main in-
let to that cylinder while all of the outlet
ports and passages of that cylinder com-
municate with the main outlet from the
same cylinder. Referring particularly to
Tig. 4, 15, will be seen that there are two in-
lets, an upper .and a lower one, the upper
one of which opens into a passage, 13, which
is substantially horizontal and communicates
with a substantially vertical passage, 15, of
substantially the shape and area of one of
the openings, 6, in the valve. The lower in-
let port, however, leads into a shorter inlet
passage, such as 17, and intersects-a substan-
tially vertical passage, 19, which is similar to
that shown at 15, but is disposed diametri-
cally opposite to it in order that both of the
ports 6—06 may register with the ports 15 and
19 simultaneously.. It will be seen that the
vertical passage 15 is substantially twice the
length of the passage 19 because the inlets
of the passages 13 and 17 are located at dif-
ferent levels. The.  ports and passages
through which the burned gases, etc., are
permitted to escape are also disposed at dif-
ferent levels. Two diametrically opposite,
vertical outlet passages are shown at 21 and
23 respectively, the former of these being
substantially twice the length of the latter
(for reasons similar to those just given) and
leading into a substantially horizontal up-
per outlet passage, such as 25, while the
shorter vertical passage 23 intersects a sub-
stantially horizontal outlet passage, 27, dis-
posed at a lower level. Xach pair of inlets
and outlets just described will, of course,
communicate directly with a corresonding
main inlet or exhaust pipe in the usual man-
ner. It will be seen from Fig. 4 that not
only are the vertical inlet and outlet pas-
sages 15—19 and 2123 disposed so that
corresponding ports ave opposite each other,
but that they are all located about a common
center, which is in the axis ofa corresponding
valve, and are spaced substantially 90° apart,
in order that admission and exhaust may
take place in proper timing.

The other cylinder sliown in these views
has corresponding sets of inlet and outlet
ports and passages to those just described.
The upper, horizontal inlet passage is indi-
cated at 14, the wertical passage which it
intersects by 16, the lower horizontal inlet
passage by 18, the vertical passage which it
intersects by 20, the long, vertical outlet

3

passage by 22, the opposite, short, vertical

outlet passage by 24, and the corresponding -

horizontal outlet passages intersecting the

passages 22 and 24 by 26 and 28 respectively.

The manner in which these various inlet
ports and passages cotperate with the open-
mgs in the respective valves will be herein-
after described.

The means for actuating each of the com-
bined admission and exhaust valves for the
purpose of carrying its port or ports through
its proper cycle of movement, may be any

suitable for the purpose -of intermittently.

actuating or rotating such valve in the man-
ner before specified. The means illustrated
comprises power-transmitting chain-gearing,
connecting the main crank-shaft 29 of the
engine with the stems of the valves. The
particular connections used may be varied
considerably, but those illustrated constitute
a simple means for imparting the necessary
intermittent movement to the valves. This
transmitting mechanism, as herein illus-

trated, comprises a small sprocket-wheel, 30,

secured to the shaft 29, a sprocket-chain, 31,
and a larger sprocket-wheel, 32, around
which said chain passes at its upper end and
which is secured to an upper horizontal
shaft, 33, journaled in bearings, such as 34
and 85, a bevel-gear, 36, secured to said shaft
33, a bevel-gear, 87, meshing with the bevel-
gear 36 and mounted to turn on a vertical
carrier or stud, such as 88, and suitable con-
nections between the bevel-gear 87 and the
stems 4 and 5 of the valves for operating
said valves in the proper timing. The con-
nection between said bevel-gear and the
valve-stems may be any suitable for the pur-
pose. Preferably, however, it will be of the
type shown, that is to say, it will involve a
Geneva movement between said bevel-gear
and the stem of each valve, the construction
illustrated being one in which an actuator
and stop-wheel of an ordinary Geieva move-
ment is common to two separate (Geneva-
wheels. The actuater and stop-wheel ashere
shown are suitably modified to adapt them
for codperation with two different (Geneva-
wheels.  The combined actuator and stop-
wheel illustrated comprises two separate
actuating pins and two separate recesses.
This combined actuator and stop-wheel is
designated generally by 39. The two pins
just referred to are indicated at 40 and 41,
and the recesses at 42 and 438. The Geneva-
wheels which the pins 40 and 41 are intend-
ed to drive are indicated at 44 and 45 re-
spectively. Each is secured to the valve-
stem which it is intended to drive in such a
manner that the stem and the Geneva-wheel
will always rotate in unison while the stem
may have a movenent in the direction of its
axis independent of such Geneva-wheel.
Tach of these two Geneva-wheels is held
down against its seat at the upper end of its
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cylinder by the corresponding spring 9 or 10,
before described, as will be clear by refer-
ring to Fig. 1.

The recesses 42 and 43 and the peripheral
stop-face, 46, of the stop-wheel are so pro-
portioned and asseciated in such a manner
with the two (Geneva-whesls and with the
actuating pins 40 and 41 that each Geneva-
wheel—and hence each valve—is operated
intermittently, that is to say, during admis-
sion and exhaust, and locked against move-
ment intermittently, that is to say, during
compression and e®plosion. The relation of
these parts is also such that the cycle of
each valve is the same but the movements
differ in phase by 90°, the operations in
the sccond eylinder occurring 90° later than
those in the first cylinder, the cycle being
approximately in each case 90° for admis-

sion, 90° for compression, 90° for the. ex-

plosion period, and 90° for exhaust, al-
though the opening of the exhaust is.ad-
vanced somewhat, as will be clear from the
position of the pin 41 relative to that of
the pin 40 in Fig. 2. Thus, for example,

in the engine shown the two ports 6—6 in

the valve 2 will first open and then close
the two inlet ports 15 and 19 during the
first quarter turn of the valve, during which

movement the ports in the valve 3 will first

open and then close the exhaust ports or
passages 22 and 24. The valve 2 stands still
during the next period, that is, during what
would be the next quarter turn of the valve
2 if it were continuously operated. During
this second period, however, the ports of
the valve 3 first open and then close the
inlet ports 16 and 20. During the third
period or quarter the valve 2 still remains
stationary as it did during the second period,
these two periods corresponding to the pe-
riods of compression and explosion of the
charge in the first cylinder. During said
third period the valve 8 also stands still as
this quarter corresponds to the period of com-
pression in the second cylinder. During the
fourth quarter, however, the valve 2 first
opens and then closes its exhaust ports or
passages 21 and 23 to permit the escape of
the burned gases, etc., from the first cylin-
der. During this period the valve 3 stands

“still as this quarter corresponds to the pe-

riod of explosion of the charge and develap-
ment of power in the second cylinder. This
completes the first cycle of operations for
the two cylinders. The succeeding cycles
arve of course the same as the first. .

Trom the foregoing description of the
construction and operation of our improved
valve mechanism it will be seen that during
the turning movement thereof there is no
pressure whatever upon either valve due to

1,189,281

pressure exerted by an unexploded or ex-
ploded charge in either cylinder of the en-
gine and that the only resistance to be over-
come at such times in operating either valve
is the normal frictional résistance, etc.

In connection with the parts herein de-
seribed, we may, of course, use any usual or
suitable means for controlling the power
developed at each ignition or explosion of u
charge, as, for example, by varying the

‘mixture introduced into either cylinder in’

any well-known manner and also varying
the volume of the charge so introduced, as
by throttling either inlet pipe or otherwise.
These modes of controlling the operation of
the engine in accordance with the require-
ments under varying loads, etec., are well
understood and for this reason have not
been specially illustrated or described. It
will be clear also that an engine having
any desired number of cylinders all operat-
ing in similar cycles so long as they differ

~properly in phase from one another, may

be used and that a multi-cylinder engine
having only two cylinders is illustrated fox
convenience and simplicity.

What we claim is: :

1. In a valve gear for internal combustion
engines, the combination of a rotary valve,
a (eneva gear for intermittently driving the
valve, the driver disk of said gear having
a series of pins and the follower disk a cor-
responding series of slots, an operative con-
nection between the engine crank-shaft and
driver disk, and an operative connection be-
tween the follower disk and the valve
spindle, the pins of the driver disk being
spaced unequally to occasion, in relation to
the lap between the valve ports, an advance
opening of the exhaust. ,

2. In a multi-cylinder internal combus-
tion engine, the combination with a plu-

rality’ of cylinders each having inlet and:

outlet ports, of a plurality of-valves one for

each cylinder and each constituting a” com-

bined admission and exhaust valve having
a port adapted to register with the inlet and
outlet ports of its cylinder at different times,
and means for intermittently actuating said
valves in similar cycles differing in.phase
said means including a pair of valve-actuat-
ing Geneva-wheels one for each valve and
an actnator and stop-wheel common to said
Geneva-wheels. -

Signed at New York in the county of
Kings and State of New York this 5th day
of January A. D. 1912, .

PAUL H. MUELLER.
. LUDWIG H. SCHULER,

Witnesses: :

H. P. Dunoan,
Warrer E. Lyox.
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