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Be it known that I, PAUL FELIX, a citizen 
of the United States, residing. at Knoxville, I 
in the county of Knox and State of Tennes— 
see, have invented new and useful Improve 
ments in Multicylinder Engines, (Case 3,) 
of which the following is a speci?cation. 
This invention relates to internal com 

bustion engines, and more especially to those 
having opposed cylinders; and the objects 
of the same are to eliminate the. conven 
tional connecting rods, topermit the cast 
ing of the cylinders en bloc with the crank 
case and each valve case as a separate unit, 
to detachably connect the castings so that 
all the valves at either or both sides of the 
main casting can be taken off, to provide a 
removable cover for the crank casing and 
improved valve actuating mechanism which 
can be lifted'out of place without disturb 
ing the other elements, to provide means 
for removingthe cam shaft and‘ the main 
or crank shaft without necessarily removing 
the pistons, to alsoprovide means for then 
‘removing the pistons separately and selec~~ 
tively, to provide a peculiar rollerbearing 
and its mountings on the crank shaft be 
tween each pair of pistons, to provide novel 
means for lubricating ‘the parts-automati 
cally, and, withal to core the walls of the 
several castings with passages which com. 
Inunic'ate when the castings are assembled 
and makeup a jacket for an e?icient water 
cooling system. These and other objects 
are accomplished by the construction here-v 
inafter more fully described and claimed, - 
and as shown in the drawings wherein :— 

Figure 1 is a vertical section through this 
engine complete, beingv taken on the line 
.1-1 of Fig. 2; Fig. 2'is a plan view‘with 
the ‘cover removed and with the intakejand' 
outlet dotted; Fig. 3 ‘is a horizontal sec; 
tion on about’ the line _3-—3 of Fig. nl-,'with 
the pistons in’ a di?'erent position; F ig.. 4 is 
a left end elevation with the valve ‘casing in_ 
the foreground omitted; Fig. 5 is a sec 
tional detail on. about the line 5-5 of-Fig._ 
.1; Fig. 6 is an enlarged vertical. section 
through one of the valves, and Fig.7 
perspective detail of the yoke employed in 
the valve~actuating mechanism; Fig. 8 is a ' 
plan view in detail of a portion of the main 
s'hafthshowing its double crank; F ig. 9 ‘is 
a detail of the fulcrum for one‘ of the rocker 

1 

is'a. 

sages P open at 

orated or even further 

arms,'with its parts removed; and Fig. 10 
is- a detail of one of the socket members em 
ployed in such, fulcrum; Fig. 11 is a side 
elevation of a yoke of modi?ed construction 
showing another form of connection between 
the piston rods and the crank shaft; Fig. 12' 
is a horizontal section through the same. 
In the drawings herewith I have shown 

my invention as applied to a four-cylinder 
internal combustion engine, although I do‘ 
not wish to be limited in this respect.‘ For 
sake of simplicity I have omitted some fea 
tures which are not involved in the present 
invention, as, for instance, the ignition and 
timing systems, the carburetor, the ?y wheel 
and clutch, etc. ‘Also I have indicated at I 

. in Fig. 2 where the inlet manifold is to be 
applied vand dotted the inlet to two of the 
valves, and -I' have indicated the outlet or 
exhaust manifold at X in the same view, 
said exhaust manifold communicating with 
the other two valves—assu_ming, of course, 
that there are four cylinders and pistons, 
four inlet valves, and four outlet valves, as 
usual. The spring-closed valve‘is designated 
by .V', and its details best seen in Fig. 6, but 
any other type of valve may be employed 
which is capable of being opened by my im 
‘proved'valve-actuating ,mechanism. I re 
serve the broadest latitude in respect of all 
features thus far mentioned. 
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The four cylinders 1, 2, 3 and 4 are cast ' 
en bloc and in opposed pairs with and at 
opposite sides of the upright crank casing 5, ' 

whose integral end walls 7 ‘are formed with 
openings 8 of ‘considerable size, ‘having 
rounded rloweren'ds and open through the 
top of these walls as seen in Fig. 1. ‘The 
walls off-the cylinders are cored with pas 

their .outer *ends (Fig. 
3) communicating. with .other ' passages J 
vformed in the valve casings described be 
low-—'-all constituting part of a water cool 
ing system'whose details need not be elab 

' referred to herein :_in. 
fact, the manufacturer 
engine by some othersystem, or possibly to 
omit the cooling. The otherwise open top 
of the crank case is removablylclosed by‘a 
top plate 9 which is shown in section only 
in-FigQ 1. . ._ ' ‘ ‘ I 

" One end of the crank case 5 is closed by 
an end plate, 10 whichmay well form part 

whose bottom is closed integrally as at 6 and - 
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of the clutch case C as seen in Fig. 2, said 
plate ?tting into the opening 8 in that end 
wall of the case and possibly having’a flange 
11 through which bolts or screws 12 are 
passed at appropriate points to hold said 
plate in ‘place. The other end of the crank 
case 5 is closed by a second end plate 13 ?t 
ting in the openings 8 at that end, and this 
plate may well be cupped as seen in Fig. 
3 to constitute a housing 14 for. the gears 
hereinafter referred to. Through lugs 15 
on the housing pass bolts or screws‘ 16 which 
hold this end plate to the crank case. With 
this construction it will be clear that when 
the screws 12 and 16 are removed, the end 
plates and all that is carried by them may 
be lifted out of the/crank case as the ,open~ 
ings 8 open through the upper edge of the 
end walls 7 and the top plate 9 is removable. 
The main shaft Mv is journaled in appropri 
ate bearings 17 in the end plates and is 

. cranked between them in a manner yet to 
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be described, and a short cam shaft S is 
mounted in appropriate bearings directly 
above the cranked portion of the main shaft, 
the same being driven by a gear 18 fast 
thereon within the housing 14 and meshing 
with a pinion 19 fast on the main shaft be 
low, as perhaps best seen in Fig. 1. The 
clutch within the case C connects with the 
other end of. the main shaft in a manner not 
necessary to illustrate and describe. 
Each piston P reciprocates within its re~ 

spective cylinder, and instead of having a 
pivoted piston rod it is provided with a stem ' 
20 of skeleton formation projecting rigidly 
inward from the piston head and connected 
(preferably integrally) with one side 21 of 
an upright yoke of loop-shape which stands 
midway between two piston heads and in 
closes one crank of the main shaft. _T_he' 
complementary side is numbered 22 in Fig. 
1, and the two sides are substantially L~ 
shaped with the feet of the Us in contact 
so as to leave between the stems of the Us 
‘an opening 23 for the passage of the crank. 
Said feet-have complementary lugs 24 de~ 
tachably connected face to face by bolts 25, 
and the upper ends of ‘the stems of the Us 
also have lugs 26 adapted to be connected 
by bolts 27. The upper connections differ 
from the‘ lower, however, in that spacers 28 
are strung on the bolts between the comple— 
mentary lugs 26, said spacers standing above 
the openings 23 in the ends of the yokes. 
Obviously the withdrawal of the bolts 27 
and removal of the spacers 28 leaves the 
upper end of the ‘openings 23 open so that 
the cranks may be lifted out of‘ the same. 
in a manner yet to be described, and still 
the sides of the yokes will be connected by 
the lower bolts 25 and the pistons need not 
have been disturbed. It is ‘further obvious 
that if new the lower bolts 25 are withdrawn 
the sides of the yoke are disconnected and 
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the pistons are free from each other. Then 
one piston may be moved to the outer ex 
treme of its cylinder to permit the opposing _ 
piston to be moved to the inner extreme 
of its movement and lifted out‘ of place; 
and this of course permits the ?rst-named 
piston to be moved to the inner extreme of 
its movement and lifted out of place. Thus 
the speci?c construction of the yokes con 
stitutes an essential feature 'of the present 
invention because it renders the several parts 
removable one after the other. 
Next inside its pinion 19 the main shaft 

M may well be formed with a disk 50, and 
a wrist pin 51 thereon constitutes one crank. 
This wrist pin may well have a reduced end 
52 as seen in Fig. 8, the disk 50 having a 
socket 53 into which said reduced end pro 
jects as shown in section in Fig. 3. The 
other end of the wrist pin or crank carries 
an integral cross bar 54 which extends across 
the axial line of the main shaft indicated 
by dots in Fig. 8, and the other crank 55 
is attached to the other end of this cross 
bar. This crank also may have a reduced 
end 56 entering a socket 57 in another disk 
58 as shown at the bot-tom of Fig. 3. Finally 
bolts 59 are passed through the disks and 
the cranksand cross bar to hold all parts 
assembled, the nuts being preferably on the 
inner ends of these bolts against the cross 

can be drawn longitudinally out of place. 
On each crank and within each yoke are 

journaled rollers 60, 61 standing side by 
side as perhaps best seen in Fig. 3, and each 
part or half of the yoke is cut away or re 
cessed as at 62 opposite one roller so that it 
shall not contact therewith, leaving a track 
63 toward the other end of the yoke which 
contacts with the other roller. The result 
is that as the crank rises and falls within 
the opening 23 in the yoke, frictionis pre— 
vented by this roller bearing which is inter 
posed between the crank and the piston on 
the active side thereof. 01', to put it dif 
ferently. when the piston is driven inward 
by the force of the explosion, the track .63 
contacts with the roller 61 and power is 
comnmnicatcd to the crank and then to 
the main shaft M. The fact that the op 
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posite side of the roller does not touch the ' 
other side of the yoke permits the roller to 
turn ?rst in one direction and then in the 
other as the crank rises and falls in its revo 
lution. Although it is not illustrated, the 
timing mechanism will be so arranged that 

12.0 

explosions occur in opposite cylinders alter- ' 
.nately, driving ?rst one piston inward and 
then its mate directly opposite, whereby 
each crank is power-driven in both direc 
tions during every revolution of the shaft. 
The cranks may be set ‘opposite each other, 
or quartering, and if there are a greater 
number of ‘cylinders and pistons than as 
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shown, appropriate disposition of the cranks 
will be made. The valves- V open and close 
to admit a charge and to exhaust the spent 
gases, as usual in internal combustion en 
gines. _ V 

The side wall’ of the crank case 5 is shown 
in Figs. 1 and 2 as provided along the outer 
side of its upper edge with a rib 70 cast 
with a series of open-topped pockets 71 hav 
ing transverse slots through them as at 72, 
the series of pockets capable of bein closed 
by a cover plate 73 removably held 1n place 
by a bolt or screw 7 4. Removably seated in 
each pocket is a‘ four-part socket, whereof 
one part 75 is shown in Fig. 10 and two 
parts are shown in Fig. 9. The four parts 
when assembled make up a plug which ?ts 
the pocket 71, and they all contain parts of 
a cavity 75’ adapted to receive a ball 76f 
which may well be formed integral. with and 
'at about the midlength of a'rocker arm 76 
which plays freely in the-slots 72. The in 
ner ends of the several arms overlie cams 
on the cam shaft S and the other ends are 
forked at 77 and the fork-arms provided 
with downwardly-opening notches 78. ,The 
latter removably engage pins 79 projecting 
outward from the arms 80 of a yoke 81 (see 
Fig. 7) and through the center of the yoke 
ispassed a screw‘ 82 preferably having a 
ball 83 at its inner end which ?ts in a socket 
at the upper end of the valve stem 84. as 
seen in Fig. 6. A jam nut 85 on the screw 
holds it in place after it has been adjusted. 
By preference the valve’ spring 86 bears at ' 
its upper end against the pm 87 through the 
stem 84 so that'the spring is entirely inde 
pendent of the yoke. With this construc 
tion, when the topplate 9 is removed, access 
is permitted to the cam shaft; when the 
cover plates 73 are removed, access is per— 
mitted to the ball-and-socket joints between 
the rocker arms and the crank case 5, and 
any rocker arm may be lifted readily out 
of place because its notches 78 will lift off 
the pins 79; and when a rocker arm is re 
moved, any yoke may be lifted off the ex 
posed end of its valve stem. All of the 
valves V at each side of the crank case are 
by preference mounted within a single cast 
ing 88 which constitutes the valve casing, 
the same being removably attached to the 

' open outer ends of the cylinders by screws 
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or bolts 89>as indicated in dotted lines in 
Fig. 6; and therefore when these are with 
drawn the valve casing and all its valves 
may be taken off for examination, cleanin , 
and repairs. I mi ht say that before ‘this 1s 
done, the inlet an exhaust manifold must 
be disconnected, and in Fig. 2 I have ‘shown 
unions in the exhaust manifold for this pur 
pos‘, whereas the inlet manifold is wholly 
omitted. This view also indicates in dotted 
lines how the‘inlet is supplied tothe two 
innermost valves on each side and the ex" 

haust is taken from the two outermost 
valves, but I do not wish to be limited in 
this particular; 
The bottom plate 6 is provided with a 

plurality of transverse channels 90, prefer 
ably corresponding in number with the pis: 
tons, and four are shown in this case in 
Figs. 4 and5. In each channel is mounted 
a scoop 91 formed at the lower end of a 
tube 92 whose body preferably has a llIllOIl 
93 in its length and leads upward past one 
side of the yoke as seen inv Fig. 1- and then 
obliquely inward into the piston stem 20 as 
seen in Fig. 2, its upper end opening at 94 
through the top of said stem where the lat 
ter is provided with a groove 95 leading 
thence inward and downward as seen in 
dotted lines in Fig. .1 and opening throu 'h 
one side of the yoke to its interior as in i 
cated at 96 in Fig. 3. The tube 92 shown 
in the foreground on Fig. 1 is connected 
with the skeleton stem of the right hand 
piston P, and when this piston moves in 
ward the scoop travels in its channel 90 and 
some of the oil therein is forced- upward 
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through the tube as will be clear. Succes- . 
sive impulses of the pistons cause the scoops 
to take up more and more lubricant, and 
?nally the latter'runs out at 94, travels down 
the groove 95, and issues at 96 into the yoke 
as to thoroughly lubricate the roller bear 
ing therein. The next scoop shown in Fig. 
1 is inclined in the opposite direction‘ and 
carried by the stem 20 and the left hand pis 
ton. The third and fourth scoops illus 
trated in Fig. 2 are correspondingly con 
nected with the stems of the remaining pis- 
tons in a manner which will be clear. I 
prefer to employ the unions 93 at some 
points within the length of these tubes so 
that, when the pistons are to be removed 
from their cylinders, the operator may ?rst 
disconnect the lower portions of the tubes 
in order to permit the pistons to be turned 
as already described. - The forcible driving 
of the scoops through the oil within the 
channels 90will also splash a certain amount 
of said oil upward as indicated by the ar- ' 
row in Fig. 1, and it will lubricate the inte 
rior of the cylinder 2 as usual; and. to an 
extent it Wlll of course be s attered over 
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the entire inner surface of t e crank case . 
“and all parts connected therewith and open 
ing thereinto; therefore by the provision’of 
this simple expedient I have adopted a lu 
bricatin system capable of use in connec: 
tion with 
of its parts. ' , 

I have already described how the top plate 
9 can be taken off and the several rockers 
76 removed. Whether the valve cases 88 
are then removed or not, the upper ends 
of the yokes may now be opened by with 
drawing‘ the bolts 27 and the spacers 28, 
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_ an engine of this type and which ' 
, in no wise interferes with the removability _ 
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both end plates and the main and cam 
shafts can ‘be lifted bodily out of the crank 
case, along with their bearings 17 and their 
gear and pinion connections. If‘ there be a 
?y wheel on the front end of the main shaft 
M (its upper end as seen in Fig. 2) this 
may be removed ?rst or can be lifted out 
with the shaft. Before lifting out the main 
shaft, the cone or other clutch element with 
in the case C will have to be disconnected 
from its rear end, but as the clutch forms 
no part of the present invention this detail 
is not illustrated._ The important feature 
of a construction which makes it possible 
to remove these shafts and their connections 
bodily from the crank case without‘ inter 
rupting the position of the pistons, can not 
be overestimated. Thereafter if desired 
the pistons can be selectively or successively 
removed in the manner above described; and 
the importance of this possibility without 
the necessity for disconnecting the valve or 
valve casings is also, a feature of my in 
vention which may well be emphasized. All 
parts are of the desired materials and pro 

‘ ’ portions, and changes in details may be 
made without departing from the spirit of 
the invention. Under the arrangement illus 
trated in Figs. 11 and 12, I employ a pair 
of traveling track rings T and T’ and be= 
tween said track rings and the crank shafts 
S’, I interpose an annular series of anti 
friction rollers R and R’ having journals 
which are received in bearin in circular 
retainers Z which hold the ro lers in spaced 
relation to each other. The rings T and T’ 
roll in contact with tracks M which are re 
ceived in shallow guide 
in the inner face of the yo e Y. The travel 
ing rings and the tracks just referred to 
have beveled or )l-shaped meeting faces, 
the object being to increase the contact sur 
faces of each traveling ring, thereby pre 
venting slip and consequent wear. of the 
parts, also'to deepen or increase the section 
of each ring to. impart greater strength 
thereto and greater power of resistance to 
de?ection under heavy loads. The construc 
tion just referred to also prevents the over 
turning of the piston assembly. 
What I claim is :— 
1. In an engine of the type described, a 

crank case cast with opposed. cylinders and 
an integral bottom plate open at its top, and 
having integral end walls with openings 
therein which open through the upper edges 
of said walls, and a removable top plate; 

I combined withepistons in pairs‘ in said cyl 
inder, yokes connecting their stems, end 
plates remova‘bly mounted in the openings 
in said end walls beneath said top plate, 
bearings in the end plates, a main shaft 
mounted in certain of said bearings and hav 
ing cranks between them moving in the 

rooves G formed 
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yokes, a superposed cam shaft mounted in 
other of said bearings, a housing on one 

- end plate, gear connectlons therein between 
said shafts, valve casings removably at 
tached to and closing the outer ends of. the 
cylinders, means for detachably connecting 
said casings with the intake and exhaust 
manifolds, valves in the casings, and for 
each valve a rocker arm having its outer end 
connected with the valve stem and its inner 
end overlying a cam on said cam shaft, and 
a fulcrum between its ends. 

'2. In an engine of the type described, a‘ 
crankcase having opposed cylinders open 
at their outer ends, a closed bottom, and an 
open top,each side wall having a longitudi 
nal rib on its upper edge provided with a 
series of open-topped pockets and transverse 
slots intersecting the pockets, a cover plate 

- removably closing each vseries of pockets,‘ 
and a top plate removably closing the eas 
ing; combined with pistons in the cylinders, 
means connecting them in pairs and each 
having a yoke, a main shaft having cranks, 
engaging said yokes, a cam shaft ‘above and 
driven by said main shaft, valve casings re 
movably closing the outer ends of said cylin 

' ders, valves therein, and for each valve a 
rocker arm whose outer end is connected 
with‘the valve-stem, whose inner end over 
lies a cam on the cam shaft, and whose body 
extends through a pair of said slots and 
across one of the pockets and has a fulcrum 
removable from the latter when said cover 
plate is removed. ‘ _ 

3. In an engine of'the type described in 
cluding a horizontal cylinder, its piston, its 
crank shaft, and a cam shaft driven from 
the latter, the combination with the crank 
casing having an open topped pocket above 
"the cylinder with transverse slots through its 
walls, and a valve casing and valve at the 
outer end of the cylinder; of a yoke mounted 
on the valve stem, a rocker arm whose outer 
end is detachably connected with said yoke 
and whose inner end overlies a cam, and a 
ball fulcrum at the midlength of the arm 
removably mounted in said Pocket. 

4. In an engine of the type described in 
cluding a horizontal cylinder, its piston, its 
crank shaft, and a cam shaft driven from 
the latter, the combination with the crank 
casing having an ‘open topped pocket above 
the cylinder’ with\transverse slots through 
its walls, and a valve casing and valve at the 
outer end .of the cylinder; of a yoke re 
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movably connected with the stem of said ' 
valve and having pins'in its arms, a rocker 
arm forked at its outer end and provided 
with downwardly .opening notches in its 
fork arms removably engaging said pins, 
its inner end overlying a cam and its center 
passing through said slots and pocket, and 
a rounded fulcrum at said ‘center removable 
vertically from said pocket. 
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‘5. ‘In an engine of the type described in 
cluding a horizontal cylinder, Its piston, its 

> crank shaft, and a cam shaft driven from 

10 

15 

the’ latter, the combination with the crank 
casing having an open topped pocket above 
the cylinder with transverse slots through 
its walls, and a valve casing and valve at the‘ 
outer end of the cylinder; of pins removably 
carried by and transverse to the upper end 
of the valve-stem, a rocker arm forked at 
its outer end and with its fork arms notched 
to removably engage‘ said pins, its inner end 
overlying a cam and its center passing 
through the slot, and pocket and having a 
ball within the latter and a socket made 
up of a plurality of parts removable verti 

-' cally from said socket and- having comple 

20 

mentary cavities surrounding said ball. 
6. In an. engine of the type ‘described hav 

ing opposed cylinders and .an intervening 
crank case, the combination with pistons in 

‘pairs in vsaid cylinders, a yoke connected 
with vtheir stems, ‘a main shaft having a 
crank, and a rolling bearing on said crank 

5. 

within the yoke; of a tube carried by each 
stem and inclined downward and inward 
therefrom with its lower end open at the 
bottom of the crank case and its upper end 
opening at the top of the stem, the latter 
having a duct leading from the open upper 
end of the tube to the interior of the yoke. 

7. In an engine of the type described hav 
ing opposed cylinders and an intervening 
crank case, the combination with pistons in 
pairs in said cylinders, a yoke connected 
with their stems, a main shaft having a 
crank, and Ya bearing on said crank within 
the yoke; of a tube carried by each stem and 
inclined downward and inward therefrom, 
a scoop at the lower end‘ of the tube and 
communicating with its bore, the bottom of 
the crank case having a channel Within 
which said scoop travels, and'a duct leading 
from the upper end of the tube to the in 
terior of the yoke. 
In testimony whereof I affix my signature. 

PAUL FELIX. 
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