
June 4, 1946. C. B. DAVIS ETAL 2,401,466 
INTERNA- COMBUS TION ENGINE 

Filer May 23, 1945 2 Sheets-Sheet l 

eaRIs NAY's 
AlG5%, SS 

44444.64 
Saa R. R. NY33xx AS O E 

as #ialsRSA-II AAR 1SNSé WN via six NE S % N V: EsNE 22 y2 E 2 
ty------------ 

M2-4 SS6262 2 (22.2% s RS is Se 62.SS N NE 27 
SSNS IN 24-H HSSSGSSE 2A.Ziliary 

4- NSSSSS NM 
rarer vuervoviv 

S 

A9 6eczz. A.Zazves area 
Azzzzz777,727 t?uzz7, 

  

  

  

  

  

  

  

      

  

  

  

  



June 4, 1946. C. B. DAVIS ET AL r 2,401,466 
INTERNAL-COMBUSTION ENGINE 

Filed May 23, 1945 2 Sheets-Sheet 2 

Cecil A.ZOavds and 
Wildzur/Myzrt/ezz7; 

  



Patented June 4, 1946 2,401,466 

UNITED STATES PATENT OFFICE 
2,401,466 

NTERNA-COMBUSTON ENGINE 
Cecil B. Davis and Wilbur M. Arthur, 

Kingman, Ariz. 

Application May 23, 1945, serial No. 595,314 
(CI. 123-51) 5 Cairns. 

The invention relates to internal combustion 
engines, and has for one of its objects to provide 
an improved apparatus of this character hav 
ing opposed cylinders with oppositely acting re 
ciprocating pistons in each thereof, and rela 
tively simple mechanism for translating the re 
ciprocating motion of the pistons into rotary 
motion, with minimum bearing loads. 
A further object of the invention is to pro 

wide an engine having relatively few moving parts 
and in which the heavy crankshaft, connecting 
rods and bearings of conventional engines are 
eliminated, with consequent reduction in weight 
and cost of manufacture, and increased efficiency. 
While the principles of the invention are 

equaily applicable to engines employing either 
the lighter hydrocarbons as fuel and spark igni 
tion thereof, or those using the heavier oils and 
operating on the Diesel principle, for purposes 
of disclosure an engine of the first type is illus 
trated in the accompanying drawings forming a 
part of this specification. In these drawings cer 
tain minor elements, such for example as the 
fuel Supply and exhaust conduits, shrouds for 
directing cooling air around the cylinders, etc., 
have been omitted, since they may take a variety 
of more or less conventional forms and are not 
essential to an understanding of the principles 
of the inventio. 

In the said drawings: . 
Figure 2 is a side elevational view, partly 

roken away and in section, of a typical engine 
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constructed and arranged in accordance with the 
invention; 

Fig. 2 is a horizontal sectional view on ap 
proximately the plane indicated by the line 2-2 
of Fig. 1, looking down; and 

Figs. 3 and 4 are cross sectional views, taken 
respectively on approximately the planes indi 
cated by the lines 3-3 and 4-3 of Fig. 1, looking 
in the direction of the arrows. 

Referring more particularly to the drawings, 
the engine inay be provided with Suitable frame 
members Which fixedly mount a tubular mem 
ber providing a pair of axially a lined work 
ing chambers 2 and 3. These may be provided 
with conventional water jackets for water cool 
ing, but are here shown as having a plurality of 
cooling fins & for dissipating heat to the sur 
rounding atmosphere, as will be readily under 
stood by those skilled in the art. Journalled upon 
the medial portion of the tubular member , as 
by antifriction bearings 5, is a pair of comple 
mentary longitudinally Spaced cam elements 6, 
providing between them a sinusoidal cam groove 
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2 
7. These elements are surrounded by and se 

cured to a rotor sleeve 8 which may serve as a 
pulley for engagement by a V-belt or other suit 
able means whereby the power may be trans 
mitted from the engine. The rotor 8 may also 
carry fans or blowers fs which, in conjunction 
With appropriate shrouds (not shown) direct 
cooling air to and around the working cylinders .. 
2 and 3. 
A hollow piston rod 2C is disposed within the 

Cylinder member co-axially therewith, and its 
respective end portions rigidly carry the outer 
pair of pistons 2 and 22. The outer faces of 
these pistons are recessed as at 23 and 24, and the 
extreme ends of the rod 20 carry heads 25 and 
26 disposed within the respective recesses 23 and 
24, and having ports 27 and 28 affording com 
munication between such recesses and the in 
terior of the piston rod, all as will be clear from 
Fig. 2. The heads 25 and 26 carry flexible or re 
silient valve disks 29 and 30 for controling com 
munication between the recesses 23 and 24 and 
the respective working cylinders 2 and 3, as will 
appear more fully below. 
The medial portion of the piston rod 20 rigidly 

carries a pair of oppositely extending studs 3 
which project through slots 32 formed in the 
wall of the cylinder member , and into the 
can groove , where they are preferably pro 
vided with anti-friction rolls 33. The studs may 
also carry similar rolls 34, working in the slots 32. 
Surrounding the piston rod 29 and slidable 

relative thereto, is a sleeve. 35 having longitudi 
nal slots 35 to accommodate the studs 3, and 
rigidly carrying pistons 37 and 38 at its respec 
tive ends. This sleeve 35 also rigidly carries op 
positely projecting studs 39, disposed at substan 
tially right angles-to the studs 3 (see partic 
ularly Fig. 4), and extending through slots 40 in 
the wall of cylinder member into the cam 
groove . The end portions of these studs may 
be provided with anti-friction rollers 3 and 42 
Working in the said cam groove and in the slots 
39 respectively. Since the cylinder member of 
course is fixed, the slots 32 and É0 serve as guides 
for the rollers 36 and 42 and the studs 3 and 
39 carrying them, which prevents rotation of 
the Studs and pistons about the cylinder axis. 
At the inner ends of the respective working 

chambers 2 and 3 the wall of the cylinder mem 
ber is provided with the series of circumferen 
tially arranged exhaust ports 43 and 44, while 
at the outer ends of said chambers such wall is 
provided with the Series of inlet ports 45 and 46. 
The open outer ends of the respective working 
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chambers are closed by removable caps or cylin 
der heads 47 and 48 which, as will be clear from 
Figs. 2 and 3, are spaced somewhat from the 
cylinder wall to provide the annular passages 49 
and 50 communicating with the respective inlet 
ports 45 and 46. The exhaust ports 43 and 44 
may be Surrounded by a suitable exhaust conduit 
(not shown) for conducting the exhaust gases 
a Way. The Wall of the hollow piston rod 20 is 
provided with a plurality of ports 51, alined with 
the slots 36 of sleeve 35 and affording communi 
cation between the bore of the said rod and the 
Space 52 within the cylinder member f between 
the inner pair of pistons 37 and 38. Since the 
engine illustrated is assumed to be of the spark 
ignition type using carburetted fuel, a conven 
tional spark plug 53 is shown for each of the 
Working cylinders, and the fuel mixture may be 
Supplied to the space 52 by conduits 54 leading 
from an appropriate carbureter. It will be un 
derstood however, that in the case of an engine 
intended to operate upon the Diesel principle, the 
Spark plugs 53 will be replaced by suitable fuel 
injectors, and fresh air will be supplied to the 
space 52 through the conduits 54. 
The operation of the engine is as follows: 
Assuming the parts to be in the positions il 

lustrated in the drawings, to start the engine the 
rotor 8 is turned in either direction by external 
power supplied either manually or by any suit 
able mechanical starter mechanism, which move 
ment is transmitted by the cam 7 through the 
studs 3 and 39 to the piston rod 20 and the sleeve 
35 respectively, causing the pistons 2 and 37 
to a 3cede from one another and the pistons 22 
and 38 to approach one another. As the piston 
22 is thus moved toward the left, as viewed in 
Fig. 2, upon its covering ports 48 it will create a 
partial vacuum in the space between such piston 
and the cap 48 which will cause the valve 30 to 
open and fuel mixture to be sucked into such 
space from the medial space 52 by way of the 
ports 52, the bore of the piston rod 20, and the 
ports 28. When the rotor 8 has completed a 90° 
movement the motions of the several pistons will 
be reversed by the cam action, and as the piston 
22 now moves toward the right its valve 30 will 
be closed and the fuel mixture ahead of it cohn 
pressed until the piston uncovers ports 46 where 
upon the mixture will escape therethrough into 
the Working chamber 3, between the pistons 22 
and 38. Although at this time the exhaust ports 
44 have been uncovered by the piston 38, the ad 
mission of fuel mixture through ports 46 occurs 
very close to the ends of the strokes of the pistons 
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38, and thus the engine will now be operating, 
with each cylinder firing twice for each revolu 
tion of the rotor. As the inner pistons 37 and 
38 alternately uncover their respective exhaust 
ports 43 and 44 (which preferably occurs slightly 
in advance of the opening of the respective inlet 
ports 45 and 46 by the outer pistons 2 f. and 22) 
the burnt gases will escape through Such exhaust 
ports, with the incoming charge from inlet ports 
45 and 46 performing a scavenging action, as in 
the Well known two-cycle principle. 
Should the engine be employed for aviation 

purposes, a propeller may be mounted directly 
upon the rotor 8. The engine will run equally 
well in either direction, this depending solely upon 
the direction in which it is started. 
What is claimed is: 
1. In an internal combustion engine, a pair of 

spaced co-axial working chambers; an outer pair 
of pistons, one in each chamber, having a piston 
rod rigidly connecting them together for uni 
tary reciprocation; an inner pair of pistons, One 
in each chamber, rigidly connected by a sleeve 
surrounding said piston rod, and reciprocatable 
relative to the first pair of pistons, the two pis 
tons in each chamber providing a combustion 
space between them; a rotor element, including a 
sinuous cam, journalled for rotation about the 
axis of and between said working chambers; and 
driving connections between said cam and said 
piston rod and sleeve respectively whereby recip 
rocations of the pairs of pistons will cause rota 
tion of said element, the respective driving Con 
nections being disposed at substantially right 
angles to one another. 2. In an internal combustion engine, a pair of 
spaced co-axial working chambers; an outer pair 
of pistons, one in each chamber, having a pis 
ton rod rigidly connecting them together for uni 
tary reciprocation; an inner pair of pistons, one in 
each chamber, rigidly connected by a sleeve Sur 
rounding said piston rod, and reciprocatable rel 
ative to the first pair of pistons in directions op 
posite thereto; a rotor element, including a Sin 
uous cam, journalled on the working charnbers 
for rotation about their axis; and driving men 
bers carried by said sleeve and piston rod re 
spectively, at substantially right angles to One 
another, and engaging said cam whereby recip 
rocating movements of the pairs of pistons may 
be translated into rotary motion of the rotor ele 
ment. '.. 

3. In an internal combustion engine, a cylinder. 
member providing a pair of spaced co-axial workr. 

55 
and as their motions are reversed almost imme 
diately whereby they again cut of the perts 44 
and 46, little if any of the mixture will escape 
through the exhaust ports. On the contrary, it 
Will be trapped between the now approaching 
pistons and compressed by them, while at the 
same time the valve 30 will again open and admit 
a fresh charge to the space between it and cap 
48. When the pistons 22 and 38 reach a position 
corresponding to the illustrated position of pis 
tons 2 and 3, a spark from the plug 53 will ig 
nite the compressed fuel mixture and the result 
ing explosion and expansion of gases will force 
the pistons 22 and 38 apart, which motions of 
course will be transmitted through the piston rod 
20 and sleeve 35, studs 3 and 39, and cam 7 
to the rotor f3. 

In the meantime the pistons 2 and 37 have 
been going through the same cycle, a quarter 
revolution of the rotor behind the pistons 22 and 
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ing chambers, the portion of said cylinder mem 
ber intermediate Said chambers having a plurality 
of longitudinal slots; an outer pair bf pistons, 
one in each of said working chambefs, having a 
piston rod connecting them for unitary recipro 
cation; an inner pair of pistons, one in each 
chamber, rigidly connected by a sleeve surround 
ing said piston rod, and reciprocatable relative 
to the first pair of pistons in directions opposite 
thereto; a rotor element having a sinuous cam 
groove, journalled on the intermediate portion of 
the cylinder member for rotation about its axis; 
and driving members carried by Said sleeve and 
piston rod respectively, at substantially right an 
gles to one another, said driving members extend 
ing through said slots in the intermediate por 
tion of the cylinder member and engaging in said 
cam groove, whereby reciprocating movements 
o the pairs of pistons may be translated into 
rotary motion of the rotor element. 

4. In an internal combustion engine, a pair of 
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spacud co-axial working chambers; an outer pair 
of pistons, one in each chamber, having a hol 
low piston rod rigidly connecting them for uni 
tary reciprocation, and providing a fuel conduit; 
a valve carried by each of said pistons for con 
trolling communication between said hollow pis 
ton rod and the portion of the respective cham 
bers lying outwardly of the pistons; an inner pair 
of pistons, one in each chamber, rigidly connect 
ed by a sleeve surrounding said piston rod and re 
ciprocatable relative to the first pair of pistons 
in directions opposite thereto; a rotor element 
comprising a sinuous can, journalled for rota 
tion about the axis of and between said working 
chambers; driving connections between said cam 
and the respective pairs of pistons, whereby re 
ciprocating movements of the latter will be trans 
lated into rotary notion of the rotor element; 
and means for supplying combustible mixture to 
Said hollow piston rod. 

5. In an internal combustion engine, a pair of 
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6 
spaced co-axial working chambers; an outer pair . 
of pistons, one in each chamber; a hollow piston 
rod rigidly connecting said pistons for unitary 
reciprocation, and providing a fuel conduit com 
municating with the respective chambers out 
wardly of said pistons; an inner pair of pistons, 
one in each chamber, rigidly connected by a 
sleeve surrounding said piston rod and recip 
rocatable relative to the first pair of pistons in 
directions opposite thereto; a rotor element com 
prising a sinuous can, journalled for rotation 
about the axis of said working chambers; driv 
ing connections between said can and the respec 
tive pairs of pistons, angularly disposed relative 
to one another, whereby reciprocating movements 
of the pistons will be translated into rotary mo 
tion of the rotor element; and means for supply 
ing combustible mixture to said hollow piston rod. 
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