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CONTINUOUS FORCE AND IMPACT
GENERATOR

BACKGROUND OF THE INVENTION

This invention relates to a device for generating a
continuous unidirectional force and, if desired, repeti-
tive impact forces in the same direction as the continu-
ous force, and deals more particularly with such a de-
vice which is purely mechanical in nature and may be
driven by a source of rotary power such as an electric
motor.

A device which can produce a unidirectional contin-
uous force on itself has many conceivable applications,
yet the only well known devices for generating such
forces are rocket engines which have serious limitations
for some applications. For example, it is difficult to turn
rockets on and off or to otherwise modulate the
strength of the generated forces and they require the
burning of fuels or compression of gases which may be
undesirable in some circumstances.

The general object of this invention is, therefore, to
provide a device which produces a unidirectional force
upon itself, much like the force generated by a rocket,
and which uses a purely mechanical means for the force
generation which means may be easily controlled to
turn on or off or vary the strength of the generated
force.

Another object of the invention is to provide a device
of the forgoing character which may be constructed so
as to also produce, in addition to a continuous unidirec-
tional force, a repetitive series of impact forces superim-
posed on the continuous force as may, for example, be
desirable when using the device as a pile driver or de-
molition device.

A further object of the invention is to provide a de-
vice of the foregoing character which is made up of a
number of substantially identical single units which
work in pairs to produce a continuous force and which
may be grouped in 2 number of pairs working in differ-
ent phases relative to one another to provide a more
steady output force.

Other objects and advantages of the invention will be
apparent from the drawings and from the following
detailed description of the preferred embodiments.

The apparatus of the invention uses a number of cen-
trifugal force generating devices of the weighted end-
less belt type shown and described in my U.S. Pat. No.
4,398,431.

SUMMARY OF THE INVENTION

The invention resides in a unidirectional force gener-
ator comprising a main frame and a mechanical means
carried by the main frame which, when driven, exerts a
substantially continuous force on the main frame tend-
ing to urge it in one direction so that if, for example, the
device is located on earth and equipped with wheels for
supporting it on a road or other flat surface, the gener-
ated force will cause the frame to move along the road
in a straight line without the wheels being directly pow-
ered. That is, the device produces a unidirectional force
similar to that produced by a rocket, but does so by
purely mechanical means.

More specifically, the invention resides in the force
generator in addition to the main frame including at
least two carriages, supported from movement relative
to the frame along parallel paths, and two endless belt
centrifugal force generating devices associated with
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each carriage. The two centrifugal force generating
devices of each carriage are so phased and so connected
with the main frame that they produce a forwardly
directed force on the main frame while their carriage
moves rearwardly. As this carriage moves rearwardly,
it pulls the other carriage forwardly until the first car-
riage reaches a rearward limit position relative to the
main frame, and then the functions of the two carriages
are reversed with the second carriage then moving
rearwardly, exerting a forwardly directed force on the
main frame and pulling the first carriage forwardly.

The invention also resides in the connection between
each endless belt centrifugal force generating device
and the main frame being such that as a forwardly di-
rected force appears at a generating device a small
amount of lost motion exists between that device and
the main frame allowing the device to move forwardly
relative to the main frame to create an impact force as
its movement is arrested and to thereafter apply the
forwardly directed force to the main frame.

The invention still more specifically resides in further
details of the mechanism as recited in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 a perspective schematic view showing a con-
tinuous force and impact generator embodying the pres-
ent invention.

FIG. 2 is a schematic diagram illustrating the drive
mechanism for the generator of FIG. 1.

FIG. 3 is a perspective view of a single unit which
may be substituted for each of the single units of the
generator of FIG. 1 to produce another embodiment of
the present invention.

FIG. 4 is a perspective view of another single unit
which may be substituted for each of the single units of
the generator of FIG. 1 to produce yet another embodi-
ment of the present invention.

FIG. 5 is a perspective schematic view showing an
alternate mechanism for connecting a centrifugal force
generating device to the main frame in a generator such
as that in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Turning to FIG. 1, a continuous force and impact
generator embodying the invention is there indicated
generally at 10 and comprises a main frame 12 support-
ing four individual units A, A’ B and B’. In its simplest
form a continuous force generator comprising the in-
vention is made up of a pair of single units, such as the
units A and A’, but additional pairs of single units may
be included in the device to produce a more steady
and/or larger output force. The four unit device 10 of
FIG. 1 is therefore illustrated by way of example only.
Also, FIG. 1 shows only the internal details of the single
units A and A’. The internal details of the units B and B’
are similar to those of the units A and A’ except for
operating out of phase with the units A and A prime as
explained in more detail hereinafter.

In FIG. 1 the generator 10 is shown to be mounted on
a set of wheels 14, 14 supporting the generator on a flat
floor 16. When the generator 10 is operating a fowardly
directed force, as indicated by the arrow 17 is imposed
on the main frame 12 which moves the generator for-
wardly or to the right in FIG. 1 over the floor 16 with-
out the wheels 14, 14 being directly driven.
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In the description and claims which follow, the gen-
erator 10 and other generators embodying the invention
are described using relative terms such as ‘“*horizontal,
“vertical”, “top”, “bottom”, “right” and “left” with the
generator taken to be oriented as in FIG. 1. Such orien-
tation is not, however, essential to the invention and
instead the generator may be oriented to cause the gen-
erated unidirectional force 17 to point in any desired
direction. It is also, of course, not necessary to supply
the generator with wheels in all applications and in
some instances the apparatus may be merely connected
to or placed against another body to apply a unidirec-
tional force, or a unidirectional force and impacts to the
body.
As shown in FIG. 1, each single unit A and A’ in-
cludes a carriage 18 supported for movement along a
horizontal path relative to the main frame 12. The
means for supporting the carriage from the main frame
may take various different forms but in the illustrated
case each carriage is shown to be supported by two
horizontal rails 20, 20 forming part of the main frame 12.
Suitable wheels, not shown, may be provided on the
carriage 18 for engagement with the rails 20, 20 to re-
duce friction between the carriage and the rails as the
carriage moves forwardly and rearwardly over the
rails. In FIG. 1 forward movement is taken to be move-
ment toward the right, or in the direction of the arrow
17, and rearward movement is taken to be movement to
.. the left.
Each carriage 18 supports two endless belt centrifu-
gal force generating devices 22 and 23 which are con-
... nected to the carriage and to one another so as to be
moveable generally forwardly and rearwardly relative
to the carriage and so as to be constrained to movement
180° out of phase with one another so that as one moves
forwardly the other moves rearwardly. In the illus-
trated case the means so connecting the devices 22 and
"'23 to the carriage 18 consists of four links 24,24 pivot-
. ally connected at their mid-points to the carriage 18 so
_ as to provide four upwardly extending arms supporting

" _the device 22 at their upper ends and four down extend-

"ing arms supporting the device 23 at their lower ends.
Each device 22 and 23 includes a frame 26 pivotally
connected to the adjacent ends of the links 24,24. Each
frame 26 in turn supports two forward sprockets 28,28
and two rearward sprockets 30,30 with the four sprock-
ets together supporting a weighted endless belt 31 com-
prised of two endless chains 32 and a number of weights
34,34 antached to the chains along a portion of the
length thereof. Each device 22 and 23 is therefore gen-
erally similar to the ones shown in my U.S. Pat. No.
4,398,431 to which reference may be made for further
details.

The weights 34,34 of each device 22 and 23 are lo-
cated along approximately 50% of the length of each
endless beit. Therefore, as the weights of a belt pass
over the associated forward sprockets 22 a prolonged
forwardly directed centrifugal force is produced which
is exerted against the associnted frame 26, and as the
same weights thereafter pass over the rearward sprock-
ets 30,30 they generate a rearwardly directed prolonged
force also applied against the frame 26. The weights of
the two devices 22 and 23 of each carriage 18 are
phased as shown in FIG. 1 so as to produce centrifugal
forces at the two devices 22 and 23 which are 180° out
of phase with one another. That is, as the weights 34,34
of one device pass over the forward sprockets 28,28 to
create a forwardly directed force the weights of the
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4
other device pass over the rear sprockets 30,30 to pro-
duce a rearwardly directed force. Preferably, and as
illustrated by the arrows in FIG. 1, the two belts of the
two. generators 22 and 23 of each carriage 18 rotate in
the same direction.

Suitable means are provided for driving the two end-
less belts of the two devices 22, 23 of each carriage
while maintaining their phase relationship, while per-
mitting the links 24,24 to oscillate relative to the car-
riage 18 and while permitting the carriage 18 to move
forwardly and rearwardly relative to the main frame 12.
Various suitable means may be provided to achieve
such a drive and a showing of the drive means is omit-
ted in FIG. 1 for clarity. FIG. 2, however, shows sche-
matically a drive which may be used with the single
units A and A’ of FIG. 1 and a similar drive powered by
the same electric motor may also be used to drive the
single units B and B’ of FIG. 1.

Referring to FIG. 2, the drive for each carriage 18
uses an articulated pair of arms, similar to that of FIG.
3 of my U.S. Pat. No. 4,398,431, for transmitting power
from an electric motor 36 attached to the main frame 12
to the carriage 18. That is, for the carriage 18 of the
single unit A the drive train includes two articulated
arms 38 and 40 carrying respectively drive chains 42
and 44 transmitting rotary power from the motor 36 to
a set of pulleys 46,46 on the carriage 18 which in turn by
means of two endless chains 48,48 transmit power to the
two forward sprockets 28,28 of each device 22 and 23 to
drive the endless belts 31,31. Likewise, for the illus-
trated single unit A’ of FIG. 2 the drive train includes a
pair of articulated arms 50 and 52 connected between
the motor 36 and the carriage 18 and carrying a similar
complement of chains and sprockets for transmitting
the rotary output of the motor 26 to the two associated
endless belts 31,31.

Returning to FIG. 1, when the two centrifugal force
generating devices 22 and 23 of a carriage are driven the
alternating and repetitive forward and rearward centrif-
ugal forces produced by the two devices, and which are
180° out of phase with one another, will cause the two
devices 22 and 23 to oscillate forwardly and rearwardly
relative to the carriage 18 without imposing any force
on the carriage 18 tending to move the carriage in either
direction horizontally of the main frame 12. Thus, under
this condition, referred to as the “‘free” mode of opera-
tion, the carriage 18 may be freely moved by some other
force either forwardly or rearwardly relative to the
frame. Also, if desired, in another type of “free” mode
operation the frames 26,26 of the two devices 22 and 23
may be locked to their carriage 18 in which case the
forwardly and rearwardly generated centrifugal forces
produced by the two devices will cancel one another
and produce no resulting force on the carriage tending
to move it horizontally relative to the main frame, the
carriage 18 again being capable of being moved freely
relative to the main frame by some other force applied
to it. This ability to move a carriage 18 freely relative to
the main frame 12, either while the devices are allowed
to freely oscillate or are locked to its carriage 18, is
made use of in the overall operation of the generator 10
as explained in more detail below.

Each carriage 18 has two modes of operation. The
first mode of operation is the “free” mode described
above where the two devices 22 and 23 of the carriage
are unconnected with the main frame so that no net
resultant centrifugal force is applied to the carriage
tending to move it in one direction or another relative
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to the main frame. The other mode of operation I, re-
ferred to as the “power” mode, is one in which the two
devices 22 and 23 of the carriage are so connected or
associated with the main frame 12 that when a for-
wardly directed centrifugal force appears at a device
the forward movement of that device is arrested or
limited so that the forwardly directed centrifugal force
is applied to the main frame to urge it forwardly, and
that when a rearwardly directed centrifugal force ap-
pears at a device the device is free to move rearwardly
relative to the main frame so as to exert no centrifugal
force on the frame.

Various different means may be used to achieve the
“power” mode of operation of each carriage. Referring
to FIG. 1, such means as illustrated there comprises for
each device 22 or 23 a generally horizontal rod 54 pro-
vided with a series of notches 56,56 and pivotally con-
nected at its rear end to the forward end of the associ-
ated frame 26 for pivotal movement relative to that
frame about a horizontal axis 58. The forward end of the
rod is slidably received in a section of pipe 60 pivotally
connected to the main frame 12 for movement relative
to that frame about a horizontal axis 62. Associated with
each pipe section 60 is a latch 64 pivotally connected at
one end to the main frame 12 and receivable in a notch
66 formed in the upper portion of the pipe section and
which also allows the latch 64 to enter a notch 56 of the
rod 54 which is in alignment with the pipe notch 66.
The latch 64 is normally biased downwardly by its own
weight, and also possibly by an assisting spring (not
shown), into the notch 66 but may be lifted upwardly
out of the notch 66 by an associated solenoid 68.

Operation of a single unit in its power mode may be
obtained with the mechanism of FIG. 1 by controllably
energizing the two associated solenoids 68,68 in syn-
chronism with the movement of the carriage 18. As-
sume that the carriage 18 in question is that of the unit
A’ of FIG. 1 and, as shown, is positioned far to the right
relative to the main frame 12. At this time the other
carriage 18 (the unit A carriage) is positioned far to the
left and trips a limit switch 76, as described hereinafter.
This de-energizes the two solenoids associated with the
carriage 18 of the unit A’. Also assume that now the
weights 34,34 of the top device 22 are just beginning to
pass over the front sprockets 28,28 of that device so as
to begin the appearance of a prolonged forwardly di-
rected centrifugal force. Since the solenoid 68 associ-
ated with the top device 22 of the unit A’ is now de-
energized the associated latch 64 is received in its pipe
notch 66 and in the underlying one of the notches 56,56
in the rod 54. The appearance of the forwardly directed
centrifugal force causes that force to be transferred to
the rod 54 moving it forwardly until the vertical rear
face 55 of the notch 56 within which the latch 64 is
received engages the latch 64, and this in turn causes the
force to be transmitted through the latch 64 and pipe
section 60 to the frame 12 to impose the force on the
frame 12 tending to move or urge it in the forward
direction,

It will be noted in this regard that as the devices 22
and 23 of the unit A’ oscillate relative to their carriage
18 the amount of oscillation from cycle to cycle is fairly
uniform, and further each notch 56 is somewhat longer
than the thickness of the latch 64 and has its rear face
located so that after the latch enters the notch, and after
the device reaches the rear limit of its movement, some
looseness will exist in the permitted forward motion of
the frame 26 of the device 22 relative to the pipe section
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60 and frame 12—that is, the rear face 55 of the notch in
which the latch is located will be located rearwardly of
the latch. Accordingly, at the beginning of the appear-
ance of the forwardly directed centrifugal force the
carriage 26 will move forwardly some small distance
relative to the frame 12 before the rear face 55 of the
involved notch 56 engages the latch 64, thereby causing
an impact force to be delivered to the frame when the
forward movement becomes arrested by the latch. The
extent or degree of such impact force may be varied by
varying the position of the notch faces 55,55 on the rod
54. If desired, the notch faces 55,55 may also be located
so that very little lost motion exists between the rod 54
and the pipe 60 when the device reaches the rear limit of
its movement relative to the carriage 18 so as to pro-
duce little or no impact force each time a forwardly
directed centrifugal force appears.

While the forwardly directed centrifugal force of the
top device 22 of that unit A’ is applied to the main frame
12 the bottom device 23 of that unit is free to move
rearwardly relative to the frame 12 without imposing
any centrifugal force on it. This is due to the fact of each
notch 56 having an inclined forward face 57 which lifts
the latch out of its notch when the associated rod 54
moves rearwardly. Therefore, the lower device 23,
which will now have a rearwardly directed centrifugal
force appearing at it, will move rearwardly under the
influence of that force and will also move the associated
carriage 18 of the unit A’ rearwardly relative to the
main frame 12 by a corresponding amount. That is, the
carriage 18 will move rearwardly by an amount equal to
one half the amount of the rearward movement of the
device 23. Thereafter, the weights of the two endless
belts of the two devices 22 and 23 of the unit A’ will
move over the opposite sprockets of each device to
produce oppositely directed centrifugal forces. That is,
a rearwardly directed centrifugal force will appear at
the top device 22 and a forwardly directed centrifugal
force will appear at the bottom device 23. Thus, the
now forwardly directed centrifugal force appearing at
the bottom device 23 of the unit A’ will tend to move its
rod 54 forwardly, but such motion will be arrested after
a limited amount of forward motion and the generation
of some impact force so that the subsequently appearing
centrifugal force will be transmitted through the latch
64 and pipe section 60 cause it to appear as a forwardly
directed centrifugal force exerted on the frame 12. At
the same time, the top device 22 of the unit A’ moves
rearwardly taking with it by a corresponding amount
the carriage 18.

Thus, it will be understood that when the two sole-
noids 68,68 associated with either the carriage 18 of the
unit A or the carriage 18 of the unit A’ are de-energized,
the carriage with which the two de-energized solenoids
are associated is caused to move rearwardly relative to
the main frame 12 with the two devices 22 and 23 of that
carriage at alternate times throughout such movement
applying a forwardly directed centrifugal force on the
main frame 12, the resultant force being substantially
continuous due to the illustrated arrangement of the
weights 34,34 on the two belts. This mode of operation
of a carriage is its “power” mode. If desired, a single
solenoid operating the two latches of a carriage in uni-
son may also be used in place of the two separate sole-
noids operating each latch separately.

As mentioned, the generator 10 is such that its single
units A, A’ and B, B’ work in pairs, and in each pair the
arrangement is such that when one unit of the pair has
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its carriage operating in its “free” mode the carriage 18
of the other unit has its carriage operating in the
“power” mode. Further, the two carriages of the two
units of the pair are connected together so as to move in
unison relative to the main frame 12 but 180" out of
phase so that as one carriage 18 moves rearwardly in its
“power” mode it pulls the other carriage, which is then
in its “free” mode, forwardly relative to the main frame.
In FIG. 1 the means for causing the two carriages 18,18
of the units A and A’ to move in unison is shown to
consist of two cables 72,72 connected between the two
carriages through a set of pulleys 74,74 carried by the
main frame, but various other means for achieving this
motion can be used without departing from the inven-
tion.
Also, a means is provided for switching the carriages
of a pair between their two modes of operation when
one of the carriages reaches a rear limit position relative
to the frame 12. Such means may take various different
forms but in the illustrated case of FIG. 1 includes a
limit switch 76 for each carriage 18 adapted to be oper-
ated by that carriage when the carriage reaches its rear
limit position. Assume, for example, in FIG. 1 that the
top carriage 18 at the moment illustrated is moving
rearwardly, or to the left, in its power mode. This
means that it is at the same time pulling the lower car-
riage 18, in its free mode, forwardly. To achieve this
free mode of the lower carriage 18, the two solenoids
68,68 associated with it are energized to lift the two
-associated latches 64,64 so that both of the devices 22
-and 23 of the lower device are free to move relative to
'the main frame without imposing any forces on it.
. When the top carriage reaches the limit switch 76 the
operation of that switch causes the modes to reverse.
That is, the two solenoids 68,68 of the top carriage 18
are energized to lift the two associated latches 64,64 and
the two solenoids 68,68 of the bottom carriage 18 are
de-energized. The lower carriage 18 will then move
- rearwardly in its power mode and pull forwardly the
uitop carriage 18 which is now in its free mode. This
szprocedure of switching the modes of the carriages as
r.one carriage reaches its rear limit will continue for so
long as the generator 10 is in operation and throughout
all of such periods of operation a forwardly directed
centrifugal force will be applied to the main frame 12
along with repetitive impact forces if the notches 56,56
of the rods 54,54 are designed to provide such impact
forces.

The single units B and B’ of the generator 10 of FIG.
1 operate in the same way as the single units A and A’
described above except that the motions of their car-
riages are out of phase with the motions of the two
carriages 18,18 of the units A and A’ thereby causing a
more steady forwardly directed force to be exerted on
the main frame than would be generated by the single
units A and A’ acting alone, this smoothing of the resul-
tant force being generally similar to the smoothing of
the output of a piston engine by adding additional pis-
tons working at different phases.

FIG. 3 shows a single unit C which may be substi-
tuted for the single units of the generator 10 of FIG. 1
and which single unit differs basically from the illus-
trated single units of FIG. 1 by having a different means
for arresting the forward movement of a centrifugal
force generating device, in its “power” mode of opera-
tion, relative to the main frame during the appearance at
it of a forwardly directed centrifugal force. Referring to
FIG. 3 the means in question in this case consists of, for
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each device 22 and 23, an impact cam 80 located in front
of the device and supported by the main frame 12. Each
cam 80 is carried by an associated shaft 82 which is
driven by the motor 36 in sychronism with the motion
of the two endless belts 31,31 through an indexing
mechanism 81 such as a Geneva drive. Each cam 80 has
a set of impact faces 84,84 arranged at progressively
increasing distances from its shaft 82. When the illus-
trated carriage is in its power mode, the two cams 80,80
are turned generally as illustrated so as to be engaged by
rams 86,86 on the forward ends of their associated de-
vices 22 and 23 during the forward strokes of each
device. During the reverse stroke of each device the
associated cam is rotated to bring the next successive
impact face into alignment with the ram 86 on the for-
ward end of that device. The impact faces 84,84 of the
two cams 80 are located along approximately 180" of
rotation of each cam. During the other 180° of rotation
each cam has no impact faces and the associated car-
riage 18 is in its free mode and is moved forwardly as
described above to bring it into position for a new per-
iod of power mode operation. If desired, instead of the
cams 80,80 being moved with an indexing motion they
may also be driven continuousiy from the motor 36 and
at such a speed that during the power mode a new
impact force 84 appears in front of a device 22 or 23
each time it makes a new forward motion relative to the
carriage 18.

Another difference in the single unit C of FIG. 3 in
comparison to those shown by FIG. 1 is that the illus-
trated carriage 18 includes a housing 88 which contains
the two centrifugal force generating devices 22 and 23.
The rear wall 90 of this housing 88 is so located that
during normal reciprocation of the two devices 22 and
23 they will not engage the rear wall 90, but should for
some reason the reciprocation become abnormally
large, as for example because of the associated latch 64
skipping one of its notches 56, the rearwardly moving
one of the devices will engage the rear wall 90 to limit
the reciprocation or stroke of the two devices, thereby
preventing the devices from moving out of phase with
other components. Also, a lock 91 is carried by its rear
wall 90 which is released during operation of its associ-
ated carriage 18 in its power mode and which during
the free mode of the carriage is operated to lock the
devices 22 and 23 against movement relative to. the
carriage.

FIG. 4 shows another single unit D which may be
substituted for the single units of FIG. 1 and which unit
is substantially similar to that shown by FIG. 3 except
for additionally including two other impact cams 92,92
located respectively to the rear of the two centrifugal
force generating devices 22 and 23 and, moving gener-
ally in phase with the forward impact cams 80,80. That
is, for example, when the top generator 22 is moved
forwardly by a forwardly directed centrifugal force
into engagement with the forward cam 80 the associ-
ated rear cam 92 is indexed one position to bring the
next successive impact face into alignment with a rear
ram 94 for engagement with that ram when the top
device 22 again moves rearwardly, and as that device
moves rearwardly the associated forward cam 80 is
indexed to the next position for readiness when the
device 22 next moves forwardly again. The two impact
cams 80 and 92 of the lower device 23 operate in a
similar manner.

The two rear impact cams 92,92 of the single unit D
of FIG. 4 are carried by two weights 96,96 slidably



4,726,241

9

connected through springs 98,98 to the main frame 12
for movement forwardly and rearwardly relative to the
main frame. An adjustable device 99 is associated with
each set of springs 98 and associated weight 96 to fine
tune the generator by adjusting the preload of the
springs relative to the weights and by adjusting the
position of the weights and springs relative to the main
frame to adjust the position at which the associated
device engages the weight. The effect of each weight 96
and its associated springs 98 is that when the associated
centrifugal force generating device moves rearwardly
into engagement with the cam 92 the weight 96 stops
the rearward motion of the device and absorbs, through
the associated springs 98 and the mass of the weights,
some of the generated force which is then returned to
the device as it next moves forwardly again.

FIG. 5 shows an alternate means, which is purely
mechanical, for connecting each centrifugal force gen-
erating device 22 or 23 to the main frame 12 to achieve
operation of its carriage 18 in the power mode as its
carriage moves forwardly (to the right). Referring to
this figure, the illustrated means comprises a bar 100
extending rearwardly from the device 22 and having
ratchet teeth 102,102 spaced along its length and
notches 103,103 between the teeth, each tooth 102 hav-
ing a forwardly facing vertical abutment face 104 and a
rear inclined face 106. A latch 108 pivotally connected
to the main frame 12 cooperates with the bar and is
biased by its weight, and also possibly by an assisting
spring (not shown), toward engagement with the bar. A
latch controlling slide 110 is slidably supported on the
frame 12 for limited forward and rearward motion. In
its illustrated forward position the slide is out of engage-
ment with the latch, thereby allowing the latch to en-
gage and cooperate with the bar 100. When the slide is
moved rearwardly from its illustrated position the in-
clined surface on its rear portion lifts the latch 108 out
of cooperation with the bar. An abutment 112 on the
carriage is engageable with the slide, and also simulta-
neously with the slide for the associated bottom device
23 (not shown), to move it from its forward to its rear
position as the carriage 18 reaches the rear limit of its
movement relative to the frame 12. Another abutment
114, which is fixed to the carriage 18 by a rearwardly
extending bar 113, moves the slide 1190, and also simulta-
neously the slide for the associated bottom device 23
(not shown), from its rear to its forward position as the
carriage reaches the forward limit of its movement
relative to the frame. It will therefore be understood
that when the carriage 18 reaches its rear limit the two
latches 108 of the two devices of the carriage are lifted
to put the carriage into its free mode, during which time
the carriage is pulled forwardly to its forward limit; and
when the forward limit is reached the latches are low-
ered to put the carriage into its power mode during
which it moves itself rearwardly and pulls the other
carriage forwardly.

The illustrated centrifugal force generating devices
have been shown by way of example only and various
other different devices may be used in a continuous
force generator of the type described above without
departing from the invention. In particular, if desired,
each illustrated single belt generating device may be
replaced by a device employing two counterrotating
belts, as in my U.S. Pat. No. 4,398,431,

I claim:

1. A unidirectional force generator comprising:

a main frame,
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two carriages supported for movement relative to
said main frame along paths extending parailel to a
given reference axis, movement in one direction
parallel to said reference axis being taken as for-
ward motion and movement in the opposite direc-
tion parallel to said reference axis being taken as
rearward motion,

two centrifugal force generating devices associated

with each of said carriages and each constructed
and arranged so as to produce a centrifugal force
which repetitively alternates between forward and
rearward directions parallel to said reference axis,
said two centrifugal force generating devices being
substantially 180° out of phase with each other so
that as one produces a forwardly directed centrifu-
gal force the other produces a rearwardly directed
centrifugal force,

means for connecting said two centrifugal force gen-

erating devices associated with each carriage to
that carriage in such a way that each device is
moveable relative to the carriage along a path gen-
erally parallel to said reference axis and so that said
two devices are constrained to move in unison
substantially 180° out of phase with each other so
that as one moves forwardly relative to the car-
riage the other moves rearwardly relative to the
carriage,

control means for controlling the movement of the

two centrifugal force generating devices of each
carriage relative to said main frame so as to operate
in either a free mode or a power mode, said control
means in said free mode permitting the two centrif-
ugal force generating devices of the associated
carriage to move unrestrictedly relative to said
main frame so that no force is imposed on said
carriage tending to move it in either direction
along its path of travel relative to said frame, and
said control means in said power mode each time a
forwardly directed centrifugal force appears at
either one of said devices restricting the forward
movement of that device relative to said frame so
that when a forwardly directed centrifugal force
appears the one of said devices creating said force
will exert a forwardly directed force on said main
frame with the other one of said centrifugal force
generating devices and the carriage itself moving
rearwardly relative to said main frame,

means interconnecting said two carriages for move-

ment in unison so that when one of said carriages
moves rearwardly relative to said main frame the
other moves forwardly, and

means for regulating said control means of both of

said carriages so that its centrifugal force generat-
ing devices of one carriage will remain in said free
mode and the centrifugal force generating devices
of the other of said carriages will remain in said
power mode until said other carriage reaches a
rearward limit position relative to said frame and so
that when said other carriage reaches said rear-
ward limit the operational modes of the centrifugal
force generating devices of said two carriages are
reversed.

2. A unidirectional force generator as defined in claim
1 further characterized by said control means being
such that each time a forwardly directed centrifugal
force appears at either one of the two centrifugal force
generating devices of a carriage the forward movement
of that device producing the forwardly directed force is



4,726,241

11

restricted to a distance many times smaller than the
length of said path of movement of said carriage relative
to said main frame but permitting some forward move-
ment of that device so that during the initial phase of the
appearance of said forwardly directed force that the
device will move forwardly relative to said frame a
small amount until an impact is produced when said
device reaches the limit of such permitted movement
and so that said device will thereafter exert said for-
wardly directed force on said main frame.

3. A unidirectional force generator as defined in claim
1 further characterized by each of said centrifugal force
generating devices including a driven endless belt hav-
ing weights located along a portion of its length.

4. A unidirectional force generator as defined in claim
1 further characterized by at least two other carriages
supported for movement relative to said main frame
along paths extending parallel to said given reference
axis and which two other carriages are similar to said
first two carriages except for being driven so as to oper-
ate at a different phase from said first two carriages.

5. A unidirectional force generator as defined in claim
1 further characterized by said means for controlling
the movement of the two centrifugal force generating
devices of each carriage relative to the main frame so as
to operate in cither a free mode or a power mode com-
prising for each centrifugal force generating device an
elongated bar connected to the device and extending
parallel to said reference axis, said bar having a plurality
of notches along its length, a latch carried by said main
frame and engageable with one of said notches to limit
the movement of that device relative to the main frame,
and means for selectively moving said latch into and out
of engagement with said rod.

6. A unidirectional force generator as defined in claim
5 further characterized by said means for selectively
moving each latch comprising a solenoid means opera-
ble to lift the latch out of engagement with said rod, and
means for controlling the operation of said solenoids in
synchronism with the movement of said carriages rela-
tive to-said frame.

7. A unidirectional force generator as defined in claim
6 further characterized by said control means including
a means for causing the solenoid means associated with
one of said carriages to be operated to lift the associated
latches out of engagement with the associated rods
when the carriage moves forwardly.

8. A unidirectional force generator as defined in claim
§ further characterized by said means for selectively
moving each latch comprising a slide movable between
forward and rear positions relative to said main frame
and operable in one of said positions to hold said latch
out of engagement with said bar and in the other of said
positions to allow said latch to engage said bar, and
means on the associated one of said devices for moving
said slide from its rear to its forward position when the
carriage reaches the forward limit of its movement
relative to said main frame and for moving said slide
from its forward to its rear position when said carriage
reaches the rear limit of its movement relative to said
frame.
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9. A unidirectional force generator as defined in claim
1 further characterized by said control means for con-
trolling the movement of the two centrifugal force
generating devices of each carriage relative to said main
frame so as to operate in either a free mode or a power
mode including for each of the two centrifugal force
generating devices of each carriage an impact cam lo-
cated ahead of that device, each of said impact cams
being supported for rotation about an axis perpendicu-
lar to said reference axis, each of said impact cams hav-
ing a plurality of impact faces located at successively
increasing distances from the axis of cam rotation, and
means for indexing said cams each time the associated
centrifugal force generating device, when operating in
said power mode, undergoes a rearward movement to
bring a new impact face into alignment with it so that
when the device next moves forwardly its forward
movement will be restricted by such new impact face
which is located further from the axis of cam rotation
than the previous face.

10. A unidirectional force generator as defined in
claim 9 further characterized by a motor, and a drive
means between said motor and each of said centrifugal
force generating devices for driving said devices from
said motor, and said means for moving said cams includ-
ing an indexing device connected between each cam
and said motor for indexing each cam to bring a new
impact face into alignment with the associated device
while the device moves rearwardly.

11. A unidirectional force generator as defined in
claim 9 further characterized by a motor, and a drive
means between said motor and each of said centrifugal
force generating devices for driving said devices from
said motor, and said means for moving said cams includ-
ing a drive means between said motor and each cam for
rotating each cam continuously at such a speed as to
bring a new impact face into alignment with the associ-
ated carriage between successive engagement of said
carriage with the cam.

12. A unidirectional force generator as defined in
claim 9 further characterized by another pair of impact
cams associated with the two centrifugal force generat-
ing devices of each carriage, each of said other two
impact cams being located behind one of said centrifu-
gal force generating devices and carried by a weight
slidably movable relative to said main frame through a
spring means.

13. A unidirectional force generator as defined in
claim 12 further characterized by means for adjusting
the preload of the springs associated with said weights
and for adjusting the position of said weight and spring
means relative to said main frame.

14. A unidirectional force generator as defined in
claim 1 further characterized by means for limiting the
movement of the two centrifugal force generating de-
vices of a carriage relative to said carriage.

15. A unidirectional force generator as defined in
claim 1 further characterized by means for locking the
two centrifugal force generating devices of a carriage
against movement relative to said carriage during oper-

ation of said carriage in said free mode.
* x % % %



