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To all whom it may concern .' 
Re it known that we, WALTER F. KoKnN 

and ANTON J. PIGHL, citizens of the United 
SStates, residing at the city of St. Louis,"State 
of Missouri, have invented certain new and 
useful Improvements in Valve Mechanisms 
for Internal-Combustion Engines, of [which 
the following is a speci?cation. , 

This invention relates to internal combus 
tion engines of the type in which slide valves 
are employed for controlling the inlet and 
exhaust of the gases to and from the cylin 
ders. 
One object of our present invention is to 

provide a multi-cylinder, four-cycle inter~ 
nal combustion engine in which the inlet and 
exhaust of the gases to and from all of the 
cylinders is governed by two positively ac 
tuated reciprocating valve members ar-V 
ranged in sliding engagement with each 
other and provided with cooperating open 
ings that aline with each other and with the 
ports in the cylinders so as to establish com 
munication between the cylinders and the in 
let and exhaust manifolds of the engine in 
proper sequence, the cooperating openings in 
said valve members and the ports in the cyl~ 
inder-s being so designed that the pressure in 
the cylinders is exerted on only a relatively 
small area of said valve members when the 
engine is in operation. ' 
Another object is to provide an engine of 

the construction described in which the valve 
members are so designed and operated that 
one cylinder is controlled by a single pair 
of cooperating openings in said members, 
the combustion gas passing through said 
pair of openings into the cylinder when said 
valve members are in one position and the 
burnt gases escaping through said openings 
when said members are in a different posi 
tion. - ' 

Other objects and desirable features of 
our invention will be hereinafter pointed 
out. - ' 

Figure 1 is a top plan View of an internal 
combustion engine constructed in accord 
ance with our invention with the cover re 
moved to expose the valve plates; Fig. 2 is a 
vertical longitudinal sectional view of. the 
engine; Fig. 3 is a top plan view of the en 
gine, looking at a right-angle to'the valve 
members or plates; Fig. 4 is a side elevation 
of an end portion of the engine showing the 

i valve-operating mechanism, the housing for 
the latter being shown in section; Fig, 5 ‘is 

an end elevation of same; Fig. 6 is a trans 
verse sectional view; Figs. 7, 8, and 9 are 
detailed views of parts of the valve-operat 
ing mechanism; Fig. 10 is a top plan view 
of the upper valve member plate; Fig. 11 is 
a top plan view of the lower valve plate; 
Fig. 12 is a top plan view of the cylinder 
casing; and Fig. 18 is a transverse sectional 
‘view of the upper part of the engine, show 
ing a slight modi?cation of our invention. 
For the purpose of illustration, a four 

cycle engine having four'cylinders desig 
nated by the numerals 1, 2, 3, and 41 is de 
picted in the drawings, each cylinder hav~ 
ing a piston 5 adapted to operate therein in 
the usual manner. In the head of each cyl 
inder there is provided a relatively narrow 
port 6 through which the explosive mixture 
is admitted to and the products of combus 
tion are allowed to discharge from the cyl~ 
inder at the proper time in the manner here 
inafter described. The ports 6 in the heads 
of the cylinders communicate with a valve 
chamber or groove 7 which extends longi 
tudinally in the bottom of the cover 8, the 
latter containing an intake chamber 9 and 
an exhaust chamber 10, which chambers 9 
and 10 preferably extend ‘longitudinally 
Within the cover adjacent to the sides, re 
spectively, thereof and have connections 
with the intake pipe 11 and exhaust pipe 12, 
respectively. Passages 13 and 14-, which 
preferably extend transversely within the 
cover 8 from the chambers 9v and 10, respec~ 
tively, open into the valve chamber or groove 
7, there being as many intake passages 13 
and as many exhaust passages 11 as there 
are cylinders, and the walls of said passages 
13 and 14: and the chambers 9 and 10 being 
arranged to protrude into a water chamber 
15 within the cover 8. The top of the cyl 
inder casing is preferably arranged to in 
cline transversely for the purpose herein 
after described, and the sides of the cylin 
der casing adjacent to the top thereof slope 
outwardly to form upwardly-diverging 
flanges 16, the cover 8 being provided at the 
sides thereof with downwardly-converging 
flanges 17 which overlap the ?anges 16. A 
key 18, which extends longitudinally be 
tween a flange 17 and a ?ange 16 adjacent 
thereto, locks the cover 8 uponthe top of 
the cylinder casing, as best seen in Fig. 6, 
andis itself held in place by a bar or plate 
‘19, which is secured to the ?ange 16 by bolts 

or other suitable swans, and, also the bolts ‘ 

60 

65 

70 

75 

80 

85 

90 

100 

105 



2 

21 or, the like which pass through openings 
in the ?ange 17. The water-jacket 22 which 
surrounds, the cylinders is preferably ar 
ranged to extend over the tops of same so 
as to surround the walls ofv the ports 6, and 
at one end of the engine the high side ofthe 

. water-jacket is communicatively connected 

11a 

with the low side of the water chamber 15 
in'the cover 8 by means of the pipe 23 to al 
low the water to flow from, said water-jacket 
into said water chamber. At the other end 
of the engine the water enters the lower 
part‘ of‘ the water-jacket 22 through a pipe 

, 2i and-discharges. from the high side of‘? the 
15.. 
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water chamber 15 ‘throughv the discharge 
pipe 25. VA spark plug 26 and a priming 
valve 27' are provided. for each cylinder, the 
spark plugs being preferably locatedt'on one 
side of the engine and; the primingwalves 
being located on theopposite side. 

(Jommi'mication between. the ports, 6 in. the 
cylinder heads and the intake.- passages, 13 
anplthe exhaust passages 11 in, the cover 8 
is established in the proper sequence by 
means of the plates or valve members 28, 
which are preferably adaptedeto reciprocate 
longitudinally in sliding engagement with 
each other Within the/valve chamber or 
groove 7, in said‘ cover», In the case of a four 
c‘yli'n'derengine as illustratedin the draw 
ings, two-plates or valve members 28 are 
preferably, employed, the lower plate 28. rest— 

I ing‘ upon the top of'the cylinder casing; and 
the. upper plate 28resting upon the lower 
plate._ When the plates28 are reciprocated 
in the manner hereinafter described, an 

. opening29 in: the upper plate 28' and, an 
opening 30 in ‘I the lower plate 28, establish 
communication alternately. between the port 
6- of’the cylinder 1 and theintake passage 13 

‘and, the exhaust passage 14¢ above said cylin~ 
olerat the proper time, an opening v31 in the 
upper plate 28 and. an, opening .32 in the 
lower plate: 28 establish, communication be 
tween theport 6v of the cylinder 2 andthe in 
take" passage 13, above the latter at. the 
proper time, an, opening. 33 in, the upper 
plateQ-S andan opening. 31in, the lower plate 
28,.es'tab1ish communication between the port 
6,. of the cylinder 2 and ill? exhaust passage 
.14 above thelatter at the Prop-e1.‘ time. an 
opening 35in the, upper, plate 28 and:_an 
opening.‘ 36 in the lower pl-jate28 establish 
communication'between the-port 6 of the 
cylinder 3.? and the. exhaust passage; 14:v above 
theilatter; at the proper time, an opening 37 
inthe uppervplate 28 and-an opening 38in 
the lower plate-28 establish, communication 
,betweentheport 6 of'the cylinder 3 and. the 
intake . passage 13 above: the,’ latter at the 
proper time, and'an opening 39inI the upper 
plate28, and an openingléil) the. lower plate 

1 28. establish communication. alternately be 
as V were Port, 6~<>fithe=<1y1iiider 4:- and-them 
Vitals/4 Passage 13 and, exhaust passage, 1.4 
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above the latter at the proper time. In or 
der to strengthen the plates 28 each opening 
therein. may be provided with a. partition 28‘t 
or a plurality of such partitions. 
The means for actuating the valves of the 

engine is of novel construction and preferably 
operated from the crank shaft and is pro 
vided with two eccentrically-disposed mem 
bers, which impart movement in opposite di 
rections to a means that controls the inlet 
and exhaust of the gases to and from the 
cylinders of the engine. In the form of our 

, inventionl herein showneach of the plates 28 
extends beyondone end; of the cover 8 and is 
o-peratively connected with a disk-crank 111 
on an, operating shaft +12 by means of a 
crank-pin 43 and a. plate or block él/hthe lat 
ter being preferably rectangular and: revo 
lnbly, mounted on said crank-pin. and being. 
adapted to. reciprocate. in a transverse slot 

_ 415 in, the end. portion of said, plate when the 
shaft 42 is rotated, causing, at the same time, 
longitudinallyreciprocatory motion of said 
plates. One of the crank-pins 43 is rigidly 
secured to, the disk-crank 41., and; bears an 
arm. d6 to, which the other crank-pin 413, is 
rigidly secured, said crank-pins. being pref 
erably located at substantially equal, dis 
tances. from the axis of rotation of the shaft 
42 and being spaced apart from each other 33" 
at'substantiallyi 47 degrees. The operating 
shaft 42v inclines slightly from. the vertical 
andextendsat substantially a, right-angle t0 
the plane of the top surface of the cylinder 
casing. as best seen in Fig. 5, said operating 
shaft bearing a, spiral gear-wheel 41-7, which 
meshes. with a spiral pinion ‘18 on the crank 
shaft 49, and bein g ournaled in the brackets 
50, which may be. bolted or otherwise so 
cured to the ‘cylinder casing and the crank- ' ‘ 
casing. The gear-wheel 41-7 on the operating 
shaft42 ispreferably double the size of the 
pinion 48 on the crank-shaft, so that the op 
erating,- shaft makes one. revolution to two 
complete revolutionsof the crank-shaft and 
thereby causes the crank-pins 4-3 to effect a 
complete reciprocation of each plate or valve 
member 28, 
The ports 61in. the cylinders are compara 

tively narrow, as. shown in Fig. 2, but the 
openings 80, 32, 311, 36, 38 and 40 in the 
bottom valve member are large enough so 
that, they will establish communication be 
tween the ports 6 and the openings in the. 

"top. valve. member in proper sequence when 
the valve members reciprocate back and 
forth, the. openings in the top valve mem 
her being smaller than the cooperati 11g open 
ings in, the bottom valve member so that 
solid portions of‘ the top member will lie 
.. between the inlet and exhaust passages. and 
the openings in. the bottom valve member, 
during, certain positions of? said‘ members, 
and, thus out off the inlet and, exhaust of the 

_ gases "during certain positions of the bottom 
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valve member when the openings in same 
aline with the ports in the cylinders. By 
forming the openings‘in the valve members 
in this Way and providing the cylinders with 
comparatively narrow ports, we prevent a 
large area of the valve members from being 
subjected to the excessive pressure in the 
cylinders during the compression strokes of 
the pistons and when the explosions occur. 
Still another desirable feature of such a con 
struction is that a single pair of openings in 
the valve members control both the inlet and 
exhaust of the gases to and from one of the 
cylinders. In the engine herein shown the 
valve members are provided with two pairs 
of openings 29 and 30 and 39 and 40 that 
control the two end cylinders 1 and 4, and 
consequently, each valve member of a four 
cylinder engineis provided with only six 
openings instead of eight openings. In 
other words, each valve member is provided 
with separate and distinct inlet openings 

- and exhaust openings for certain cylinders 
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and with single openings for the remaining 
cylinders through which the combustible 
gases and the exhaust gases pass. 
In order to lubricate the plates 28, the 

upper surfaces of same and, also, the upper 
surface of the cylinder casing are provided 
with relatively shallow transverse rooves 
51, as best seen in Figs. 10, 11, an 12, to 
receive the lubricant which is forced 
through a pipe 52 or a plurality of such 
pipes into approximately vertical grooves 
53 in the wall at the high side of the valve 
chamber 7, each pipe 52 being provided 
with a device 54 of any suitable construc 
tion for regulating the ?ow of the lubricant 
into the valve chamber and said pipe or 
pipes 52 being communicatively connected 
with a centrifugal pump 55 by means of a 
pipe 56. The pump 55 is operatively 
mounted upon the shaft 42 preferably ad 
jacent to the lower end of the latter and is 
connected with the crank-casing by means 
of a pipe 57 so that same will pump oil from 
the crank-casing to supply the plates 28. 
Some of the grooves 51 in the plates 28 ex 
tend entirely across the upper faces of the 
said plates to receive the lubricant from the 
grooves 53 while passing the latter, the 
other grooves 51 in said plates being pref 
erably arranged to extend partly across 
same, terminating a short distance from 
each side thereof as shown in Figs. 10 and 
11. In like manner, some of the grooves 51 
in the top of the cylinder casing are long 
and the others short, the long ones being ar 
ranged-to extend from the bottoms of the 
grooves 53 at the high side of the valve_ 
chamber 7 to the drain ducts 58 in a flange 
16 beyond the low side of the valve-cham 
ber, and the short ones being arranged to 
extend partly across the bottom of said 
valve-chamber,- terminating a short distance 

from each side thereof as depicted in Fig. 
12. Pipes 59 which are connected with the 
ducts 58 conduct the lubricant back to the 
crank-casing. V 

A centrifugal water-circulating pump 60 
is, also, operatively mounted upon the shaft 
42 so ‘as to be driven thereby, and has its 
outlet connected with the inlet pipe 24 of 
the water-jacket 22 and its inlet connected 
with a pipe 61 which is connected with the 
radiator (not shown), it being, of course, 
understood that the outlet pipe 25 of the 
water chamber 15 is, also, connected with 
the radiator. 
A spiral gear~wheel 62 on the shaft 63 of 

a magneto electric generator 64 meshes with 
and receives its power from the spiral pin 
ion 48, said shaft 63 being journaled in and 
said generator being supported by a bracket 
65, which may be bolted or otherwise se 
cured to the cranlocasing. In this way, 
power is obtained from the pinion 48 to 
drive the generator 64 in addition to the 
operating shaft 42, it being, of course, un 
derstood that said generator will have the 
usual connections through a timing device 
(not shown in the drawings) with the spark 
plugs 26. If desired, the operating shaft 42 
and parts operatively connected therewith, 
the pinion 48, and the gear 62 may be in 
closed in a housing 66 of any suitable con 
struction. 
In order to compensate for any wear upon 

the plates 28, a wear plate 67 or a plurality 
of such wear plates may be inlaid in the top 
of the valve-chamber 7 and be held in en 
gagement with the top surface of the upper 
plate 28 by means of a spring 68 or a plu 
rality of such springs, said plate or plates 
67 having openings 69 and 70, which regis~ 
ter with the passages 13 and 14, respectively, 
in the cover 8, and bearing ?anges 71 which 
project upwardly from the edges of the 
openings 69 and 70 to fit in rabbets 72 in the 
edges of the passages 13 and 14 as best seen 
in Fig. 2. 
The operation of the engine is as follows: 

Referring to Fig. 2, it will be seen that the 
plates or valve members 28 occupy such posi 
tions that they cut off communication be- a 
tween the ports 6 of the cylinders and the 
passages 13 and 14 in the cover 8, the pis 
tons 5 within cylinders 1 and 4 being at the 
limit of their upward stroke and the pis~ 
tons 5 within cylinders 2 and 4 being at the 
limit of their downward stroke, and the 
opening 29 in the upper plate 28 and the 
opening 30 in the lower plate 28 being in 
position ready to establish communication 
between the port 6 of the cylinder 1 and the 3;; 
intake passage’ 13 above the latter, and the 
opening 35 vin the upper plate 28 and the 
opening 36 in the lower plate 28 being in 
position ready to establish communication 
between the port 6 of the cylinder 3 and the 
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exhaust passage: 14:1 above the latter during 
' the next movement of the plates 28. rllhe 

‘ toward 'theright thus causing-- the opening 38 

I. 

ve5 

» crank-shaft 49 rotates in the direction of the 
arrow, Fig. 5, and thereby drives the oper 
ating shaft 42 counter-clockwise, Fig. 3,v 
and, also, theshaft '63 of the magneto gener 
ator 64 through the medium of the spiral 
gearing. The rotation of‘ the operating 

' shaft 42 operates the pumps 55 and 66 and, 
also, the plates 28, as hereinabove described, ' 
‘and the shaft 63 operates the magneto gen 
erator. lVhi‘le the crank-shaft is rotated 
sufliciently to effect a charging or suction 
stroke of the piston 5 within the cylinder 1, 
a compression stroke of the piston 5 within 
the cylinder 2, an exhausting stroke of the 
piston 5.within the cylinder 3,'and' a power 
or» ?ring stroke of the pistoi-i 5 withinxthe 
‘cylinder 4i‘, the lower plate 28 moves to the 
limit of its travel toward the left and then 

1 moves, toward the right and the upper plate 
'28" moves topthe limit of its travel toward 
the left, whereby the opening 301inthe lower 

‘plate 28 and the opening 29 in " the upper 
plate 28 open and close communication be 
tween the port 6: of the cylinder 1 and the 
intake passage 13' above the latter, and the 
opening>36 in the lower plate 28 and the 
opening 35 in the upper plate 28 open and 
close communication between the‘ port 6 of 
the cylinder 3 and the exhaust passage 14 
above the latter. ‘While the crank-shaft is 
'rotated su-?iciently to cause the piston 5 
within the cylinder 1 to make a compression 
stroke, the piston- 5 within the cylinder 2 to 
make a power or- ?ring stroke, the piston 5 
within» the cylinder 3 to make a charging or 
suction stroke, and the piston 5 within the 
cylinder 4: to makean exhausting stroke,the 
lower plate 28 moves farther toward the 
right and the upper plate 28, also, moves 

in th lower plate 28 and the opening- 21'? in 
the upper plate ‘281 to open and close com 
munication between the port 6 of the cylin 
der 3 and the intake passage 13 above the 
latter, and the opening 40 in the lowerplate 
28‘ and. the opening 39 in the upper plate 28 
to- open and close communication‘v between 
the port 6 of the cylinder 4: and the exhaust 
passage 14: above the latter. During the 
next rotary movement of the crank-shaft 
su-iii‘cient to effect a power or ?ring stroke 
of- the piston within the cylinder 1, an ex— 
hausting stroke of the piston 5 within the 
cylinder 2, a- compression stroke of the pis— 
ton 5 within the cylinder 3, and a charging 
or suction stroke of the piston 5 within the 
cylinder 4-, the lower plate 28- moves to the 
limit of its travel toward the right and then 
toward the left,land> the upper» plate 28 
moves to the limit of. its travel toward the 
right, whereby the opening 4-0 in the lower 
plate 28? and the opening 39in the upper 
‘plate 28' open and: close communication lbe 

tween the port 6 of‘ the cylinder 4 and the 
intake passage 13 above the latter, and the 
opening 34 in the lower plate 28 and the 
opening 331 in the upper plate 28 open and 
close communication between the port 6 of 
the cylinder 2 and the exhaust passage l~l 
above the latter. While the crank-shaft is 
rotated further to complete a cycle in each 
cylinder, the piston 5 within the cylinder 1 
makes an exhausting stroke, the piston 5 
within the cylinder 2 makes a charging or 
suction stroke, the piston within the cylin 
der 3 makes a power or ?ring stroke, and 
the piston 5 within the cylimler i makes a 
compression stroke, the plates 28 move to- , 
ward the left to their normal‘ positions, 
whereby the opening 30 in the lower plate 
28 and the opening 29 in the upper plate 28 
open and close communication between the 
port 6 of‘ the cylinder 1 and the exhaust pas 
sage 14¢ above the latter, and the opening 32 
in the lower plate 28 and the opening 31 in 
the upper plate 28 open and close communi 
cation between the» port 6 of‘ the cylinder 2 

In this way, communication between the 
ports 6 of the cylinders and their intake 
and exhaust passages 13 and 14 in the cover 

.8 is opened and closed in the proper se 
quence. 

‘ and the intake passage 13 above the latter. 

‘While- it is preferable to have the plates i 
28 arranged to reciprocate in superimposed 
relation as hereinabove described, yet, it 
should be understood that, mutartzs mutamlzs, 
said plates may be supported side by side = 
on their edges and arranged‘ to reciprocate 
in engagement with each other, as depicted 
in Fig. 13, to establish communication be 
tween the ports 6 of‘ the cylinders and the 
passages 13 and 14 in proper sequence in 
the manner hereinabove described. 

Various other changes in the details of 
construction and arrangement of parts may 
be made without departing from the na 
ture and‘ spirit of the present invention. 
We claim: 
1. A mu-lti-cylinder internal‘ combustion 

‘engine provided with reciprocating valve 
members arranged in sliding engagement 
with each other that control the inlet and 
exhaust of the gases to and from all of 
the cylinders, said members being provided 
with a pair of‘ coiiperating inlet openings 
and a pair of coiiperating exhaust openings 

1. 15' 

that control the inlet and exhaust of‘ the " 
gases to and’ from one of the cylinders and 
also being prov1ded with a single pair of 
'coiiperating openings through which the 
gases are admitted to and exhausted from 
a different cylinder. 

2. A multi-cylinder internal combustion 
engine, each cylinder of which is provided 
adjacent its upper end with a port, inlet 
and exhaust passage-ways arranged out of 
valinement ‘with ‘ the ports- in the- cylinders. 
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and reciprocating valve members that gov 
ern the admission and exhaust of the gases 
to and from all of the cylinders in proper 
sequence, said Valve members having coop 
erating openings, the openings in one mem 
her being of relatively greater area than the 
openings in the other member so as to estab 
lish direct communication between the ports 
and said inlet and exhaust passageways 
when said valve members are in certain po 
sitions. 

3. A four~cylinder internal combustion 
engine, each cylinder of which is provided 
at its upper end with a. port, and two recip 
rocating valve members arranged in slid 
ing engagement with each other and pro 
vided with six pairs of cooperating openings 
which are so proportioned and arranged 
that the gases will be admitted to and ex 
hausted from the various cylinders in proper 
sequence. 

4. A multi-cylinder internal combustion 
engine provided with a valve chamber that 
is common to all of the cylinders, said 

:- valve chamber extending longitudinally of 
the engine and being transversely inclined, 
reciprocating valve members arranged in 

5 

said chamber for controlling the inlet and 
exhaust of the gases to and from all of the 
cylinders, and means for supplying a lubri 
cating medium to the upper side or high 
side of said valve chamber. 

5. A multi-cylinder internal combustion 
engine provided with a valve chamber that 
is common to all of the cylinders, said valve 
chamber extending longitudinally of the 
engine and being transversely inclined, re 
ciprocating valve members arranged in said 
chamber for controlling the inlet and ex 
haust of the gases to and from all of the cyl- 1 
inders, means for supplying a lubricating 
medium to the upper side or high side of 
said valve chamber, and means for conduct 
ing the lubricating medium away from the 
lower side of said valve chamber. 
In testimony whereof we hereunto affix 

our signatures in the presence of two wit 
nesses. 

WALTER F. KOKEN. 
ANTON J. PIGHL. 

Witnesses: 
A. FUeLINe, 
R. E. LOVELADY. 

Copies of this patent may be obtained for ?ve cents each, by addressing the “Commissioner of Patents, 
' Washington, D. G.” 
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