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5 Claims. (CI. 60-7) 
The present invention relates to a direct push 

motor or propulsion unit and, in particular, to 
a propulsion unit for automotive or self-pro 
pelled vehicles. The term "vehicle' is herein 
used in a broad sense to include aircraft, land 
craft and Water craft, including both Surface 
and sub-surface craft. 
The propulsion system in accordance with the 

present invention is basically different from con 
wentional means for propelling vehicles. Ordi 
narily, a vehicle is propelled by a force acting 
against an external medium. This medium is 
the road surface in the case of automobiles, Steel 
rails in the case of locomotives, water in the 
case of watercraft and air in the in case of air 
craft. Propulsion is secured by reaction of the 
propelling force against such media. 

In accordance with the present invention, the 
reaction for propelling the vehicle is created not 
in an adjacent or surrounding medium but in 
side of the propulsion unit itself. For that 
reason, the apparatus is referred to as a "direct 
push’ motor or propulsion unit, the propelling 
force being exerted without utilization of con 
ventional means such as wheels, screws, paddles, 
propellers, etc., acting on an outside medium. 
The principle of operation of the direct push 

propulsion unit in accordance with the present 
invention is similar to the phenomenon observed 
in the recoil of a large caliber gun. In the fir 
ing of a gun, a high gas pressure is momentar 
ily created in the barrel of the gun behind the 
projectile. This gas pressure exerts a force on 
the projectile and an equal and opposite force 
on the barrel of the gun. Upon the Sudden re 
lease or discharge of the projectile, the recoil of 
the gun creates a thrust tending to move the 
gun carriage in a direction opposite to the di 
rection of movement of the projectile. In the 
case of a gun, the thrust created by the recoil 
is an undesirable by-product of the firing of a 
projectile and is ordinarily dissipated by Suit 
able recoil mechanism. The magnitude of the 
thrust created by recoil of a gun, even of mod 
erate size, as, for example, a 4-inch gun, is in 
dicated by the size and power of the recoil mech 
anism provided and by the extent of move 
ment of the gun barrel against the yielding re 
sistance of the recoil mechanism. Calculations 
have shown that even with a 22 caliber rifle the 
power depevolepd amounts to more than 20 
horse power. 
With the direct push propulsion unit of the 

present invention a thrust created in a similar 
manner is utilized to propel a vehicle or perform 
other useful work. - - - Y . . . . . . .: 
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In the presently preferred form of the direct 
push propulsion motor in accordance With the 
present invention, a chamber or cylinder cor 
responds to the barrel of a gun while a piston 
corresponds to the projectile. The gas pressure 
corresponding to that created by the explosion 
of the propulsive charge is provided by the com 
pression of air or other gas in the cylinder. The 
piston is moved in one-direction by power-driven 
means to compress the gas in the cylinder. 
When maximum - compression is reached, the 
piston is suddenly released and moves freely in 
the opposite direction like the projectile of a 
gun. The recoil of the cylinder corresponding 
to the recoil of the gun barrel exerts a thrust 
on the cylinder in a direction opposite to the 
direction of movement of the piston. This 
thrust is transmitted to the vehicle on which 
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55. shaf26 which is rotatably supported by suit. 

the cylinder is mounted and serves as a direct 
acting force for propelling the vehicle. This 
cycle of operation is constantly repeated. Un 
like a gun which is fired intermittently or at a 
relatively low rate, the direct push motor in ac 
cordance with the present invention supplies. 
many hundreds or thousands of impulses per 
minute so that a continual propelling force is 
exerted on the vehicle. 
The invention will be more fully understood 

from the following description of the embodi 
ments shown by Way of example in the acCon 
panying drawings in which 

Figs. 1 to 4 are diagrammatic views in longi 
tudinal vertical section of a direct push motor 
or propulsion unit in accordance. With my in 
vention, showing the motor in Successive stages 
of its cycle of operation. 

Fig. 5 is a fragmentary longitudinal sectional 
view corresponding to the left-hand portion of 
Fig. 1 but on an enlarged Scale and showing ad 
ditional controls for the motor. 

Figs, 6 and 7 are views similar to FigS. 1 to 4 
but show another embodiment with a reversing 
control. 
The direct push motor or propulsion unit 

shown diagrammatically in FigS. 1 to 4 con 
prises a motor block or casing to having one 
or more cylinders and a crank case portion 
2. A piston f3, preferably provided with One 

or more piston rings, is reciprocable in the cyl 
inder and is connected by a wrist pin 4 With 
One end of a connecting rod f 5. The other end 
of the connecting rod 5 is provided with a crank 
pin 6 carrying a roller adapted to engage a 
driving member 8, 
The driving member 8 is carried by a power 
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able bearings in the crank case portion of the 
motor block and is driven by a suitable power 
source such, for example, as an internal Con 
bustion engine electric motor or turbine. The 
driving member 8 is hence power-driven. The 
connecting rod 5, and hence the cylinder 3, 
are operatively connected with the driving mem 
ber 8 by providing the driving member with 
an opening or recess 2 into which the crank 
pin 6 of the connecting rod fS projects. As 
shown in the drawings, the opening 2 is eS 
sentially the shape of a segment of a circle have 
ing an arcuate side 22 and a straight side 22' 
which is parallel to, but offset from, a diam 
eter of the driving member 8. One end of the 
opening 2 is rounded with approximately the 
same radius as that of the roller f7 on the crank 
pin 6, as indicated at 23, while at the other 
end there is provided a curved socket portion 
24 which likewise is of approximately the same 
radius as the roller 17. As will appear more 
fully from the following description of the cycle 
of operation of the propulsion unit, the engage 
ment of the crankpin is with the opening 2 
of the driving member 18 provides a driving 
connection between the driving member and the 
piston in certain portions of the cycle while at 
the same time providing for the quick release 
and free movement of the piston in other por 
tions of the cycle. The shape of the recess 21 
is such as to bring about the release of the pis 
ton when it is as near as possible to its posi 
tion corresponding to the highest compression 
of the fluid inside the chamber or cylinder in 
which it operates. In this position of the pist 
ton the straight side 22 of the recess 2 should 
be substantially in line with the connecting rod, 
so that when the piston is suddenly released its 
full movement is wholly uninhibited by the driv 
ing member. It will be understood that any 
shape of the recess permitting an independent 
movement in a given moment between the pist 
ton and the driving member is to be considered 
as included in the claims. 
The direct push motor or propulsion unit is 

mounted in or on the vehicle which it is in 
tended to propel with the axis of the cylinder 

approximately parallel to the direction of 
movement of the vehicle. While only one cylin 
der has been shown, it will be understood that 
the motor may be provided with any desired 
number of cylinders to provide the total thrust 
required. - 
The cycle of operation of the direct push 

notor or propulsion unit in aecordance with the 
invention is illustrated in Figs: 1 to 4 of the 
drawings. The driving member 8 is rotated 
in a counter-clockwise direction, being driven at 
the desired speed by a suitable prine mover as 
indicated above. Fig.1 shows the beginning of 
the cycle of operation with the piston 3 at sub 
stantially the bottom of its stroke and with the 
crank pin 6 resting in the socket portion 24 
of the opening 2 in the driving member. As 
the driving member rotates, it acts through the 
crank pin 6, connecting rod 5 and wrist pin 
a to move the piston 3 to the left towards the 

top of the cylinder, thereby compressing the 
air in the cylinder. The compression of air in 
the cylinder results in a force Fp acting on the 
top of the piston and an equal and opposite force 
Facting on the head of the cylinder. Fig. 2 
shows an intermediate stage in which the driv 
ing member has rotated approximately 90 de 
grees from the position shown in Fig. 1 and 
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the air in the cylinder is being compressed. The 
rotation of the driving member and the result 
ing movement of the piston towards the left 
continue until the piston has reached the posi 
tion shown in Fig. 3. At this point, the piston 
has reached the top of its stroke. The air in 
the cylinder is, at this point, subjected to maxi 
mun compression and, hence, the force Fp act 
ing. on the piston and the equal and opposite 
force Fé acting on the head of the cylinder have 
been increased to their maximum values. As 
the forces Fp and Fe are equal and opposite, 
they are in complete equilibrium. 
As the point of full compression is reached, 

the crank pin f6 passes over the head center 
position and is suddenly released, thereby sever 
ing... the driving connection between the driving 
member 8 and the piston f3. The piston is 
thereby abruptly freed. The force Fp, up to 
now, has been transmitted through the connect 
ing rod is to the driving member 3 and hence 
through the shaft 23 to the casing of the motor, 
thereby balancing the force Fe acting on the 
piston head. Upon the connection between the 

5 piston and the driving rhember being suddenly 
broken as, described above, so that the piston is 
no longer restrained, the force Fiji is, -in-effect, 
nullified. The equilibrium between Fa and Fp 
is thereby destroyed, leaving only the force Fe 
acting on the cylinder head. This reaction pro 
duces a thrust in the direction of force Fe which 
is used for propulsion of the vehicle or other 
useful work. 

Fig. 4 represents the parts after the driving 
connection between the piston and the driving 
member has been broken. The crank-pin - 
is unrestrained and free to move in the open 
ing 3 f of the driving member 8. Its exact posi 
tion relative to the driving member will depend 
on the rate of movement of the piston after 
it has been freed relative to the rate of move 
nient of the driving member. Because of cen 
trifugal force, the crank pin 6 will ordinarily 
follow the outer arcuate side 22 of the opening 
2 although it is unrestrained laterally as well 
as in a direction lengthwise of the opening. As 
the piston moving in the direction of the arrow 
shown in Fig. 4 reaches the end of its stroke, 
the continued rotation of the driving member 
8 causes the crank pirit is again to be received 

in the socket portion 24 of the opening 2 , 
whereupon the cycle of operations is repeated. 
It will be seen that at the point at which driving 
connection is reestablished between the piston 
and the driving member 8, the driving member 
is approximately in, or slightly in advance of, 
the position shown in Fig. 1 and the direction 
of movement of the socket 24 is upwards as 
viewed in this figure and thus substantially at 
right angles to the direction of reciprocation of 
the piston. Hence, there can be no substantial 
amount of shock in the reengagement of the 
crankpin with the socket, even though: there 
may be some difference in velocity immediately 
prior to reengagement. Thus, even if the crank 
pin were momentarily standing still, the only 
shock would be the small amount attributable 
to the weight of the crank, pin and the adjaa 
cent portion of the connecting rod. After the 
driving connection has been reestablished, the 
acceleration of the pistoh is gradual, the curve 
of acceleration being substantially sinusoidal. 
It is hence normally unnecessary to make any 
special provisions for cushioning the contact be 
tween the crank pin and the socket. 24. How 



2,686,340 
5 

ever, if desired, the socket 24 may be provided 
with a suitable buffer portion, or the crankpin 
6 may be constructed or mounted to provide 

buffer action. 
Comparing the cycle of operation of the di 

rect push motor in accordance, with the present 
invention with the firing of a gun, it Will be seen 
that the compression of air or gas in the cylin 
der f, as illustrated in Figs. 1, 2 and 3, corre 
sponds to the loading of the gun. The cylinder 
f may be taken as representing the barrel of 
a gun while the piston 3 is the projectile. The 
compressed air provides gas pressure correspond 
ing to that created by the explosive charge. The 
sudden breaking of the driving connection be 
tween the piston and the driving member 8. 
(Figs. 3 and 4) corresponds to the firing of the 
gun. The projectile, or piston f3, moves freely 
in one direction while the recoil exerts a force 
on the barrel, or cylinder f , in the opposite 
direction. It is this recoil which, in accordance 
with the present invention, is used for propel 
ling the vehicle. There is hence one push on 
the vehicle for every complete turn of the power 
shaft 20, one-half of the revolution being uti 
lized for loading and the other half-revolution 
for explosion with its resulting recoil. When 
the motor is provided with a plurality of cylin 
ders, it will be understood that the phase, rela 
lation of the pistons in the respective cylinders 
can be so arranged as to provide a Substantially 
continuous thrust. . 

It has been found preferable to drive the driv 
ing member 8 at such speed that the Socket 24 
picks up the crank pin 16 substantially simul 
taneously with the end of the outward movement 
of the piston. However, the speed may be reg 
ulated as desired. 
... While the driving member 8 has been shown 
in the form of a wheel, it will be understood that 
the invention is not limited to this Specific foln, 
as the driving member may be of other shapes. 
Moreover, the intermittent driving connection 
between the driving member and the piston So 
as to compress the gas in the cylinder and then 
suddenly released the piston, may be provided 
by other means such, for example, as a cam and 
cam follower, or a Scotch yoke and pin, instead 
of by the particular form of driving member and 
connecting rod illustrated by Way of example in : 
the drawings. y 

The amount of thrust exerted by the direct 
push propulsion unit in accordance with the 
invention may be varied by varying the degree 
of compression of gas in the cylinder and thereby 5 
varying the magnitude of the forces Fp and Fe. 
This can be done in several ways. For example, 
means may be provided for varying the dom 
pression ratio, as by varying the distance be 
tween the head of the piston and the power 
shaft 20 or by otherwise varying the volume of 
the cylinder when the piston is at the top of its 
stroke as, for example, by means of a chamber 
of variable volume communicating with the top 
portion of the cylinder or by means of a dis 
placement member which is movable a variable 
amount into the cylinder to decrease its volume. 
Alternatively, the top pressure of gas in the cylin 
der can be controlled by means of a valve air 
rangement permitting a portion of the gas to 
escape during the compression stroke. One such 
arrangement is illustrated diagrammatically by 
way of example in Fig. 5. 

In the embodiment illustrated in Fig. 5, the top 
or closed end of the cylinder is provided with 

6 
an outlet port or orifice. 30 shaped to provide a 
Conical seat 3 for a valve member 32. The 
valve member is movable towards and away from 
the valve seat 3 and is guided in its movement 
by a short valve stem 33 slidably held by a spider 
34. A spring 35 acts to hold the valve member 
32 on its seat, the force of the spring being vari 
able by means of a screw member 36. . . . 
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The valve member 32 acts as a release valve 
to control the maximum pressure created in the 
cylinder. If the pressure becomes great enough 
to unseat the valve member 32 against the pres 
sure of the Spring 35, a portion of the air in the 
cylinder is permitted to escape. The maximum 
pressure attained in the cylinder and, hence, the 
thrust produced by the propulsion unit can be 
increased by increasing the pressure of the spring 
35 on the valve member 32 and, conversely, can 
be decreased by decreasing the pressure of the 
Spring. w . . . 

: In order to provide for the subsequent; re 
placement of air permitted to escape through the 
valve 32, the cylinder is also provided with 
an inlet port or conduit 40 providing a shoulder 
or seat 41 for a valve disc 42 which is normally 
held on its seat by a relatively light spring 43. 
If additional air is needed in the cylinder, it can 
be drawn in through the port 40. The valve 
42 blocks the exit of air thus drawn in. 
. The inlet valve 42 will ordinarily admit air 
to the cylinder whenever the pressure inside the 
cylinder falls below atmospheric pressure. In 
Some instances, however, it may be desirable to 
limit the amount of air in the cylinder so that 
the pressure falls below atmospheric for a por 
tion of each stroke. For this purpose, the inlet 
port 40 is controlled by a second valve 45 which 
is shown in the form of a plug valve having an 
apertured conical plug 46 rotatable by a handle 
47. When the plug valve 45 is opened by turn 
ing the valve plug so as to bring its aperture 
into alignment with the opposite ports of the 
Valve body, air is admitted to the cylinder 
under control of the check valve 42, as described 
above. When the plug valve 45 is closed, the 
admission of additional air to the cylinder 
is prevented. 

FigS. 6 and 7 illustrate additional controls 
which permit reversing the direction of the 
thrust produced by the motor as well as con 
trolling the amount of the thrust. The embodi 
ment shown diagrammatically in Figs. 6 and 7 
comprises a cylinder 5 adapted to be mounted 
On the vehicle and closed at both ends by cylin 
der heads 52 and 53. A piston 54 is reciprocable 
in the cylinder by means of a piston rod 55 ex 
tending out through a stuffing gland 56 with 
which One of the cylinder heads 53 is provided. 
The piston rod 55 is pivotally connected at its 
Outer end to one end of a connecting rod 57, the 
other end of which is provided with a crank 
pin 58 adapted to work in an opening 59 in a 
power-driven driving member 6 carried by a 
power shaft 62. The arrangement of the con 
necting rod and driving member is essentially 
the same as in the embodiment of Figs. 1 to 4. 
The cylinder 5 is provided adjacent its op 

posite ends with one or more outlet ports 64 and 
65. A slide valve member 66 is adapted to be 
moved longitudinally of the cylinder so as to 
COver either of the ports 64 or 65 or to be in 
an intermediate position between them so that 
both ports are left open. With the port 64 closed 
and the port 65 open, as illustrated in Fig. 6, the 
motor works exactly the same as that of Figs, 
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to 4. With the sleeve valve 66 in position to 
close the port 85 while leaving the port. 64 Open, 
as illustrated in Fig. 7, the action is the Same 
except that the direction of thrust is reversed 
since the piston, compresses air in the right 
hand end of the cylinder, as the piston is moved 
towards the right by the driving member 6 
acting through-the-connecting rod 5 and the 
piston rod 55. With the slide valve member 66 
in an intermediate position, so that both ports 
64 and 65 are open, no thrust is produced, the 
motor thus being in “neutral. By having the 
port 64 or 65 partially, closed instead of fully 
closed, a reduced thrust is obtained in the man 
ner described in connection with the embodi 
ment of Fig. 5. The amount of thrust, as well 
as the direction of thrust, can hence be varied 
as desired. ! . . . . . 

. In place of the slide valve illustrated diagram 
matically in Figs. 6 and 7, the openings at the 
opposite ends of the cylinder Sf may be controlled 
by other valves of suitable type. For example, 
a valve arrangement similar to that shown in Fig. 
5 may be provided at each end of the cylinder 5. 
While the invention and its operation have 

been described with reference to the embodiments 
shown by way of example in the drawings, it 
will be understood that; the invention is in no 
way limited to these particular embodiments. 
For example, other elastic media, such as Springs, if 
may be used in place of the compressible gas. 
Still other modifications within the scope of the 
appended claims will be apparent to those skilled 
in the art. . . 
What I claim and desire to secure by Letters ::: 

Patent is: . . . . - " - - - . 

... A direct push propulsion unit comprising a 
cylinder, a piston reciprocable in the cylinder, 
a power driven rotary member having an off 
center slot extending in an approximately chord 
wise direction partWay across said member, and 
a connecting rod connected at one end with the 
piston and having at the other end a crank pin 
portion freely movable in the slot in the rotary 
member and adapted to engage one end of the 
slot to provide a positive power connection be 
tween the power driven rotary member and the 
piston to drive the piston in one direction to 
compress an elastic mediurn in the cylinder and 
thereby establish a force acting on the cylinder : 
and an equal and opposite force acting on the 
piston, and, by the free movement of the crank 
pin in the slot, to release the piston for free hove 
ment in the opposite direction upon completion of 
the compression stroke thereby nullifying the 
force acting on the piston and leaving unbalanced 
the force acting on the cylinder to create...a.. uni 
directional thrust on the cylinder, i . . . . 

2. A direct push propulsion unit according to 
claim 1, in which the power driven rotary men 
ber is a wheel having therein a slot corresponding 
in shape to the segment of a circle. 

3. A direct push propulsion unit according to 
claim 1, in which the elastic medium in the cylin 
der is a compressible gas and in which means is 
provided for increasing and decreasing the degree 
of compression. . . . . . . . . . . . . . . . . 

5 
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4. A direct push propulsion unit comprising a 

block, a piston reciprocable relative to said block, 
an elastic medium compressible by movement of 
the piston relative to the block in one direction, 
said elastic medium, when compressed, tending 
to move the piston relative to the block in the 
opposite direction, a power-driven rotary mem 
ber, having an abutment surface disposed at a 
distance from the axis of rotation of Said rotary 
member, a connecting rod connected at one end 
with the piston and having at the other end a 
bearing portion adapted to bear on said abutment. 
surface of the rotary member to provide a positive 
power connection between the power-driven ro 
tary member and the piston to drive the pistol 
in a direction to compress said elastic medium 
and to be disengaged from said abutment surface 
upon completion of said compressive movement 
to permit free movement of the piston relative 
to the block in the opposite direction unrestrained 
by said rotary member and means for guiding the 
bearing portion of the connecting rod back into 
engagement with Said abutment surface in prepan 
ration for a Succeeding cycle of operation in like 
are, 
5. A direct push propulsion unit comprising a 

block, a piston reciprocable relative to said block, 
an elastic medium compressible by movement of 
the piston relative to the block in one direction, 
said elastic medium, when compressed, tending 
to move the piston relative to the block in the 
opposite direction, a power-driven rotary mem 
ber having a Seat disposed at a distance from the 
axis of rotation of Said rotary member, a connect 
ing rod connected at one end to Said piston, and 
having at the opposite end a bearing portion 
adapted to be received in said seat to provide a 
positive power connection between the power 
driven rotary member and the piston to drive the 
piston in a direction to compress, said elastic 
medium during approximately haif a revolution 
of Said rotary metaber, Said bearing portion of 
the connecting rod being thereupon disengaged 
from Said Seat by the 1reaction of said elastic ine 
diual to permit free movement of the piston rela 
tive to the block in the opposite direction un 
restrained by Said rotary member during the 
remaining half-revolution and means for guiding 
the bearing portion of the connecting rod back 
into Said. Seat in preparation for a succeeding 
cycle of operation in like manner. 

JUAN). MENiDEZ, LLAMOZAS. 
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