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8 Claims. (CI. 123-41) 

My invention relates to engines and more par 
ticularly to engines of the type adapted for pro 
pelling aircraft and for other similar purposes. 
In its more particular aspects, my invention is 
related to an engine of the type having opposed 
cylinders and which is so arranged and construct 
ed as to provide for reverse engine operation with 
a minimum of change or disassembly of the es 
sential component elements of the engine struc 
ture. - 
There are many instances where it is desirable 

to reverse the rotation of the engine, this char 
acteristic being often necessary in engines of the 
type employed for aircraft, especially with that 
type of aircraft having more than a single en 
gine, in Which case it is desirable to employ en 
gines which are operated in opposite directions. 
Heretofore in providing engines which are adapt 
ed to be reversed, it has been necessary to pro 
wide many additional parts of the engine 
which need to be replaced by other engine 
parts of a different design, or by relatively 
shifting or adjusting certain of the parts of Said 
engine structure, in other. Words, a major disas 
sembly of the engine is necessary to effect this 
change. 

It is an object of my present invention to pro 
wide an internal combustion engine "Which is SO 
constructed and arranged as to be assembled to 
provide for operation in one direction, but which 
may be reversed without a major disassembly of 
the cylinders and other elements of the engine 
structure associated thereWith. 
Another object of my present invention is to 

provide a structure having interchangeable parts 
whereby to facilitate the assembly and manufac 
ture of the engine, and to adapt Said engine for 
efficient assembly with an airplane structure re 
quiring engines which are oppositely rotated, the 
present invention pertaining to an engine having 
multiple banks of cylinders having the camshafts 
respectively provided with spaced cams having 
profiles of substantially the same contour, where 
by the rocker arms associated with said cam 
shafts may be interchanged with a minimum of 
effort and Without requiring a major disassembly 
or selective adjustment of the engine camshaft. 
A further object of my present invention is to 

provide an improved engine structure in which 
the rocker arms respectively associated with the 
intake and exhaust valves may be readily and 
quickly interchanged. .. 
More particularly it is an object of my present 

invention to provide an engine structure having 
opposed banks of aligned cylinders and a co 

Operating valving mechanism which is so con 
structed as to permit the interchange of rocker 
arms from One bank of cylinders to the other bank 
of cylinders for reversing the direction of rotation 
of Said engine, and permitting the said re-ar 
rangement of the engine elements with no major 
disassembly of the engine structure. 
For a more detailed understanding of my in 

Wention, reference may be had to the accompany 
ing drawings which illustrate one form which 
my invention may aSSune, and in Which: 

Fig. 1 is a plan view of an engine constructed 
in accordance. With my invention and showing 
the engine as being secured to a rigid part of the 
airplane structure, 

Fig. 2 is an elevational view of the valve actu 
ating mechanism, said view showing the engine 
camshaft and associated rocker arms, the cover 
of Said rocker arm housing being removed to 
facilitate the illustration of the principles of my 
invention, 

Fig. 3 is a similar elevational view of the en 
gine, which is clearly illustrative of the novel 
feature of my present invention in which the 
rocker arms of another bank of cylinders has 
been Substituted for the rocker arms as illustrated 
in Fig. 2, 

Fig. 4 is a detailed sectional view of the engine 
structure showing a cylinder which is typical of 
those contained Within One bank, and Which 
clearly illustrates the valve actuation, this figure 
being taken substantially on the line 4-4 of Fig. 2, 

Fig. 5 is a detailed Sectional view of a typical 
engine cylinder showing the valve relation in an 
engine in which the rocker arms of another bank 
of cylinders have been interchanged with those 
illustrated in Fig. 4 for the purpose of reversing 
the direction of rotation of Said engine, 

Fig. 6 is a transverse sectional and diagram 
matic view of an engine having Opposed cylinders, 
said engine being illustrated somewhat diagram 
matically to illustrate the principles of the in 
vention, and 

Fig. 7 is a semi-sectional and diagrammatic 
view of the engine similar to the showing in Fig. 6, 
but illustrating the interchangeable feature of 
the rocker arms whereby to reverse the direction 
of rotation of said engine operation, 

I have shown in the accompanying drawings 
an embodiment of my invention, in which the 
principles illustrated are embodied in an engine 
of the type having opposed cylinders. It will be 
obvious that the principles of my invention may 
be incorporated in engines other than those of 
the type shown, though I find that a construction 
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2 
Of the character described herein and covered by 
the appended claims is particularly adapted for 
my present invention. 
I have illustrated an engine A which in general 

includes a crankcase structure to which a pair 
of banks of aligned cylinders are adapted to be 
Secured. One bank of Said cylinders is designated 
by the reference character B while the other bank 
is preferably designated by the reference char 
acter B'. These banks of cylinders B and B’ 
preferably include a plurality of aligned cylinders 

and ' respectively, which are adapted to be 
Secured to the crankcase in the usual manner. 
A cylinder head structure C is secured to the 
cylinders while the cylinder head structure C' 
is Secured to the cylinders ', these cylinder head 
Structures being secured to the cylinder struc 
tures in the usual manner. 
In the particular embodiment of my invention 

I have shown the cylinders as being horizontally 
Opposed, but obviously the principles of my in 
Vention as described and claimed herein are not 
particularly limited to use with an engine of this 
particular type. It will be noted in the present 
embodiment of my invention, that the camshafts 
A2 and 2' are respectively carried or otherwise 
Supported by the cylinder head structures C and 
C', each of these camshafts carrying suitable cams 
having profiles of Substantially the same contour, 
these cams being spaced longitudinally of the 
canshaft and being constructed for actuating the 
intake and exhaust valves 3, 4 and 3', 4' of 
cylinders and respectively. 

It will be noted that the cams 9 and 9', which 
are respectively carried by the camshafts 2 and 
2' are Symmetrically arranged and so constructed 
as to provide camshafts which are alike, that is, 
the cam contour and cam spacing are alike. 
The reversal of the engine is had by interchang 
ing the rocker arms 5 in one bank of engine 
cylinders with the rocker arms 5’ of the other 
bank of engine cylinders, the timing of the engine 
being adjusted for the reason that the firing 
Order is reversed on reversing the engine. 
I preferably term these camshafts 2 and 2' 

right and left hand camshafts, since I find that 
in many instances it is not desirable to inter 
change the camshafts, due principally to the 
necessity of then revising the accessory drives. 
The can shafts are substantially alike in all 
respects and could be interchanged by inter 
changing the connections with the accessories. 
But to avoid the necessity of interchanging ac 
ceSSOries, it is found more desirable to provide 
these right and left hand camshafts which are 
alike With the exception of the associated acces 
SOry drives. 

It will be obvious that the principles of my 
invention may be incorporated in engines of the 
type having interchangeable camshafts if so de 
Sired, it being understood however that the en 
gine tinning Would then be further revised or 
altered and that the accessory drives must be 
further changed and re-arranged. 

It will be noted that the intake and exhaust 
valves of the engine are respectively located on 
Opposite sides of an engine longitudinal plane 
containing the cylinder axes, and that the cam 
shaft is preferably extended longitudinally of 
the engine. The cams 9 and 9 are constructed 
to lie Substantially intermediate the valves be 
cause the axis of Said camshaft is contained sub 
stantially within the longitudinal engine plane 
containing the cylinder axes. 

It Will be noted in Fig. 2 that the rocker arms 
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5 operatively connecting camshaft 2 with the 

intake and exhaust valves 3 and 4 are con 
structed alike, but are arranged to extend in 
opposite directions from the can shaft, the Off 
Set of Said arms being thUS Oppositely arranged 
for engagement with cams 9 which are Spaced 
longitudinally of the camshaft. iihese intake 
and exhaust cams are respectively located on 
opposite sides of a transverse engine plane CO 
taining the valve axes. The rocker arms 5 
shown in Fig. 2 which are Substantially identical 
in construction, can thus be interchanged With 
each other. 
The cams carried by the camshaft which are 

of substantially the same construction, can be 
employed for actuating either the intake valve 
Or the exhaust valve. While one bank of cyl 
inders is provided with a rocker arm structure of 
one type and more particularly referred to as 
right hand rocker arms, the other bank of cyl 
inders is provided with rocker arms 5' of the 
type which are hereinafter referred to as left 
hand rocker arms. he distinction between 
these rocker arms 5 and 5' is that while the 
inner end portion of the rocker arm f3 is offset 
in one direction as at 8, the rocker arms is 
associated with the other bank of cylinders are 
each offset in an opposite direction as at 8. 
Since both camshafts which are associated with 

the banks of aligned cylinders, are preferably con 
structed substantially identical, and are provided 
With cams having profiles of substantially the 
same contour, it will be noted that the right and 
left hand rocker arms of the banks of cylinders 
may be respectively interchanged, in which case 
the assembly takes the form as particularly illus 
trated in Fig. 3 which is opposite to the arrange 
ment in Fig. 2 and provides for reverse engine 
operation. 

It will be particularly noted that. When it is de 
sired to provide an engine in which the direction 
of rotation is reversed, that it is not necessary 
to provide a major disassembly of the engine, 
since the camshafts of both banks of cylinders 
are substantially the same and the cams are of 
such a character as to permit the operation of 
the intake and exhaust valves for reverse engine 
operation without the necessity of replacing the 
camshaft or without the necessity of shifting Or 
otherwise adjusting the position of the camshaft. 
It will be apparent that, the various accessories, 
which are customarily assembled with engines of 
the present character, will be necessarily inter 
changed or otherwise positioned so as to obtain 
the correct operation, but it will be further noted 
that by employing my present construction that 
it is not necessary to provide different drives for 
the accessories in all cases. The Only major 
change in reversing the engine drive in addition 
to the slight rearrangement of the accessories, 
is to interchange the rocker arms of One bank 
of cylinders with those of the other bank of cyl 
inders, and it will be noted on observing Figs. 
2 and 3 that the rocker arms 5 shown in Fig. 2 
are replaced by the rocker arms 5'. Thus 
cam 9 which actuated the intake valve is now 
utilized for actuating the exhaust valve in Fig. 3, 
this being made possible by the fact that the 
said cams are provided With profiles of sub 
stantially the same contour. 

It Will be noted that the engine crankshaft 20 
is provided With a crank 2 to which the connect 
ing rods 22 and 22' which are extended Substan 
tially in opposite directions are connected. These 
Connecting rods 22 and 22' are respectively con 
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2,010,188 3 
nected with the pistons 23 and 23' adapted for 
Operation in the opposed cylinders if and . 
The timing of the engine is such as to prefer 

ably provide for a spacing in the engine cyclical 
events of opposed cylinders of substantially 180 
degrees of crankshaft rotation. In this connec 
tion, it will be noted that the piston 23 is moving 
outwardly of the cylinder while the piston 23 is 
moving inwardly of the cylinder. Thus, the valv 
irag mechanism associated with cylinder is ar 
ranged to be exhausting as shown in Fig. 6 while 
the valving mechanism associated with cylinder 
f' is arranged to be intaking, the exhaust stroke 
of cylinder being spaced substantially 180 de 
grees of crankshaft rotation behind the exhaust 
stroke of the cylinder '. On interchanging the 
rocker arms of one bank of engine cylinders to 
the other bank of cylinders, (see Fig. 7) it will be 
noted that the direction of rotation of the crank 
shaft is reversed, and also the direction of rota 
tion of the camshaft. The relative positioning of 
the crankshaft and camshafts is the Same in 
Fig. 7 as in Fig. 6, but because of the interchange 
of rocker arms it will be noted that the cylinder 

is now intaking while the cylinder. is now 
exhausting. 
Thus by reason of a simple interchange O. 

rocker arms of one bank of cylinders With the 
rocker arms of the other bank of cylinders, the 
direction of engine rotation may be reversed 
without a major disassembly of the engine and 
With a minimum of time and labor. Further 
more, it will be readily apparent that the manu 
facture of reversible engines is considerably Sin 
plified by my invention. 

It Will be apparent to those skilled in the art to 
which my invention pertains that various modi 
fications and changes may be made therein With 
out departing from the spirit of my invention or 
from the scope of the appended claims. 
What I claim as my invention is: 
J. In an internal combustion engine of the 

type having a plurality of aligned cylinders, a 
valve actuating mechanism for said engine and 
including a can shaft extending Substantially 
longitudinally of the engine, intake and exhaust 
valves for each cylinder respectively supported 
on opposite sides of the longitudinal engine plane 
containing the cylinder axes, intake and exhaust 
cams carried by said cam shaft for respectively 
actuating said intake and exhaust valves, said 
cans being spaced longitudinally of the camshaft 
and having profiles Of Substantially the Sane con 
tour, oppositely extending interchangeable rocker 
alms engaging said cams and operatively con 
nected with said intake and exhaust valves, and 
bearing means for supporting said rocker arms, 
the center of said bearing means being Substan 
tially contained in a transverse engine plane con 
taining the cylinder and valve axes. 

2. In an internal combustion engine of the type . 
having a plurality of aligned cylinders, a valve 
actuating mechanism for said engine and includ 
ing a can shaft extending substantially longi 
tudinally of the engine, intake and exhaust valves 
for each cylinder respectively supported on op 
posite Sides of the longitudinal engine plane con 
taining the cylinder axes, intake and exhaust 
cans carried by said cam shaft for respectively 
actuating Said intake and exhaust Valves, Said 
cams being Spaced longitudinally of the cam 
shaft and having profiles of Substantially the same 
contour, the intake and exhaust cams for each 
cylinder being respectively located on opposite 
sides of a transverse engine plane containing the 

intake and exhaust valve axes, and oppositely ex 
tending interchangeable pivotally supported 
rocker arms of identical construction for opera 
tively connecting said intake and exhaust alves 
With the intake and exhaust cams respectively, 5 
and bearing means for supporting said rocker 
arms, the Center of said bearing means being 
Substantially contained in a transverse engine 
plane containing the cylinder and valve axes. 

3. In an internal combustion engine of the type 10 
having a plurality of banks of aligned cylinders, 
a valve actuating mechanism for each bank of 
engine cylinders and each including a camshaft, 
intake and exhaust valves for each cylinder re 
Spectively supported on opposite sides of a lon- 15 
gitudinal engine plane containing the cylinder 
axes, carias carried by the camshaft for actuat 
ing Said intake and exhaust valves and all having 
profiles of substantially the same contour, right 
hand rocker arms operatively connecting the 20 
cams and valves of one bank of cylinders, and left 
hand rocker arms operatively connecting the 
cams and valves of another bank of cylinders, 
the rocker arms of one bank of cylinders being 
interchangeable with the rocker arms of the 25 
Other bank of cylinders for reversing the direc 
tion of rotation of Said engine. 

4. In an internal combustion engine of the type 
having a plurality of banks of aligned cylinders, 
a valve actuating mechanism for each bank of 30 
engine cylinders and each including a camshaft, 
intake and exhaust valves for each cylinder re 
Spectively supported on opposite sides of a lon 
gitudinal engine plane containing the cylinder 
axes, cams carried by the camshaft for actuating 35 
Said in take and exhaust valves and all having 
profiles of substantially the same contour, right 
hand rocker arms operatively connecting the 
cams and valves of One bank of cylinders, and left 
hand rocker arms Operatively connecting the 40 
cams and valves of another bank of cylinders, the 
rocker arms of one bank of cylinders being inter 
changeable. With the rocker arms Of the other 
bank of cylinders for reversing the direction of 
rotation of Said engine. 45 

5. In an internal combustion engine of the type 
having a plurality of banks of aligned cylinders, 
a valve actuating mechanism for each bank of 
engine cylinders and each including a cam shaft, 
intake and exhaust valves for each cylinder re- 50 
spectively supported on opposite sides of a lon 
gitudinal engine plane containing the cylinder 
axes, cams carried by the camshaft for actuat 
ing said intake and exhaust valves and all hav 
ing profiles of substantially the same contour, 55 
right hand rocker arms operatively connecting 
the cams and valves of One bank of cylinders, and 
left hand rocker arms operatively connecting 
the cams and valves of another bank of cylinders, 
said right hand rocker arms of one ank of cyl- 60 
inders being interchangeable with the left hand 
rocker arms of said other bank of cylinders for 
reversing the direction of rotation of the engine. 

6. In an internal combustion engine of the 
type having substantially opposed banks of 65 
aligned cylinders, a valve actuating mechanism 
for each bank of engine cylinders and each in 
cluding a cam shaft, intake and exhaust valves 
for each cylinder respectively Supported on op 
posite sides of a longitudinal engine plane con- 70 
taining the cylinder axes, cams carried by the 
can shaft for actuating Said intake and exhaust 
valves and all having profiles of Substantially the 
same contour, oppositely extending right hand 
rocker arms operatively connecting the cams 75 
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4. 
and valves of one bank of cylinders, and oppo 
sitely extending left hand rocker arms operatively 
connecting the cams and valves of another bank 
of cylinders, said right hand rocker arms of One 
bank of cylinders being interchangeable with 
the left hand rocker arms of said other bank 
of cylinders for reversing the direction of rota 
tion of the engine. 

7. In an internal combustion engine having 
opposed cylinders, intake and exhaust valves for 
Said cylinders, a crankshaft, a can shaft for each 
Cylinder and driven by said crankshaft, separate 
intake and exhaust cams carried by each cam 
shaft and having profiles of Substantially the 
Same contour, right hand rocker arms operatively 
connecting the cams and valves of one bank of 
cylinders, and left hand rocker arms operatively 
connecting the cams and valves of another bank 
of cylinders, said right and left hand rocker arms 
being interchangeable from one can shaft to the 

2,010, 183 
other for reversing the direction of rotation of 
Said engine. 

8. In an internal combustion engine having 
Substantially opposed cylinders, intake and ex 
haust valves for each of said cylinders, a crank 
shaft common to said cylinders, right and 
left hand can shafts respectively for each 
cylinder and driven by said crankshaft, Sep 
arate intake and exhaust cans carried by 
each can shaft and having profiles of Sub 
stantially the same contour, right hand rocker 
arms operatively connecting the cams and Valves 
of one bank of cylinders, and left hand rocker 
arms operatively connecting the cams and Valves 
of another bank of cylinders, said right and left 
hand rocker arms being interchangeable from One 
camshaft to the other for reversing the direction 
of rotation of Said engine, Said right and left 
hand camshafts remaining fixed in the assembly. 
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