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[57] ABSTRACT

The invention relates to a universal propulsion power-
plant -and impulse drive unit having a uni-directional

- linear impulse output for accelerating, lifting, guiding

and braking land, water, air and space vehicles. The
propulsion powerplant, being a self-contained umit, -
comprises a rotary source of torque, an impulse drive
unit for receiving and converting torgue from the ro-
tary torque source into a uni-directional linear impulse
ouipui, a clutch means for coupling the rotary torque
source to the impulse drive unit, a means for changing
the magnitude of the uni-directional linear impulse out-
put and a means for changing the direction of the unj-
directional linear impuise output. The impulse drive
unit comprises pairs of conjugate contra-rotating en-
ergy cells for converting torque into the uni-directional
linear impulse output of the powerplant wherein mass
members move along endless paths in defined planar
orbits around the rotational axes of the cells. For each -
mass member, during one segment of the orbit thereof,
energy is absorbed from the torque source whereby the
kinetic energy of the member is increased as the mem-
ber moves outwardly from the center of its respective
orbit with an inherent motion of a substantially uncon-
strained body. The uni-directional linear impulse pow-
erplant output is produced as the mass member is con-
strained by a surface of the impulse drive unit to move
inwardly toward the center of its orbit whereby the
kinetic energy of the member is reduced and a resultant
linear impulse 15 imparted to the surface by the mass. .

member.

'9 Claims, 10 Drawing Sheets
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UNIVERSAL PROPULSION POWERPLANT AND
IMPULSE DRIVE UNIT FOR SELF-PROPELLED
VEHICLES

BACKGROUND OF THE INVENTION

This invention relates to the art of transportation and
more particularly to a universal propulsion powerplant
and impulse drive unit for propelling, lifting, guiding
and braking vehicles. .

Concepts exist in the prior art which convert the
output torque of a power source into linear impulses for
propelling, lifting, guiding and braking vehicles by the
process of varying the radial distance of a rotating mass
(having a constant angular velocity) from its center of
rotation,

10

15

The prior art concepts are exemplified by the -patents |

of Grossfield U.S. Pat. No. 3,365,012, Cuff U.S. Pat.
No. 3,968,700, Srogi U.5. Pat. No. 4,242,918, Melnick
U.S. Pat. No. 4,261,212, Trivellin No, 573,912 (Italy)
and Van Der Schaar No. 81,820 (Netherland).

Although the above concept for converting torque .

into linear impulse exists in the prior art, there are a
number of areas where it is deficient in meeting the
needs of a commercially acceptable apparatus for pro-
pelling, lifting, puiding and braking a vehicle,

By way of example, the Trivellin patent discloses an
apparatus where masses are censtrained by a circular
ring while they rotate about an axis which is eccentric
with the center of the ring. The deficiency with this
arrangement is that when the masses move ountwardly
from the center of rotation s0 as to increase their kinetic
enerpies, they exert forces on the circular ring in an
opposite direction to the motion of a vehicle to whlch
the apparaius may be applied.

The Van Der Schaar patent discloses another defs-
‘ciency which exists in some of the prior art. A pair of
conira-non-coplanar rotating members drive masses
along endless non-co-planar orbits wherein the radial
distances of the masses from the axes of rotation vary to
produce linear impulses which can be used for propel-
hing, lifting, guiding or braking a vehicle. Although the
shape of the orbits in Van Der Schaar is improved over
Trivellin, forces exist which will oppose a vehicle to
which the apparatus is applied. In addition, the nron-
coplanar orbits of masses produce undesirable couples
which act normal to the line of action of the lingar
impulse ontput of the unit.

Another deficiency in the prior art is the absence of
provisions for reducing the gyroscopic couple which is
inherent because of the rotating masses during angular
changes of the axis of rotation of the masses when the
directions of applied vehicles are undergoing changes.

A further deficiency in some of the prior art is an
absence of some means for changing the direction of the

linear impulse output whereby vehicles can be alterna-.

20

e
vances are required to provide an apparatus which is
commercially acceptable.

SUMMARY OF THE INVENTION

The present invention is a universal propulsion pow-
erplant and impulse drive unit having a uni-directional
linear impuise output for propelling, lifting, guiding and
braking wvehicles. The propulsion powerplant, being a
self-contained unit, comprises a rotary source of torque,
an impulse drive unit for receiving and converting
torque from the rotary torque source into a uni-direc-
ttonal linear impulse cutput, a clutch means for cou-
pling the rotary torque source to the impulse drive unit,

"a means for changing the magnitude of the umi-direc-

tional linear impulse output and a means for changing
the direction of the uni-directional linear impulse out-
put. The impulse drive unit comprises pairs of conjugate
contra-rotating energy cells for converting torque into
the uni-directional linear impulse output of the power-
plant wherein mass members move along endless paths
in defined pilanar nrhtts around the rotational axes of the

- gells.

25

3G

Each energy cell includes a rotor mounted for rota-.
tion about an axis normal to the plane of the impulse
drive unit cutput, a pair of mass members driven by said
rotor.arranged for movement along an endless path in a
defined planar orbit and a cam defining said planar orbit
operatively engaging the pair of mass members, said
mass members being substanttally unconstrained by said -
cam during one segment .of said orbit and being con-
strained during the remaining segment of said-orbit. The
travel of a mass member along one segment of said orbit -

- comprises an energy absorbing cyele wherein the ki-

33

netic energy of the mass member increases as torque is-
tmparted by the driving member to the mass member

- and the mass member moves outwardly from the center

4

43

S0

of rotation of the driving member with the inherent

motion of a body which is substantialty unconstrained. -

The travel of the mass member along the remaining
segment of said orbit comprises a. power cycle wherein
the kinetic energy of the mass member decreases as the
mass member is constramed by the cam to move n-
wardly toward the center of rotation of the driving

member whereby a linear impulse is imparted by the |

mass member to the surface of the cam constraining said
member, | S

The magnitude of the linear impulse nutput varies by
the square of the driving member angular velocity and
the frequency varies directly with the driving member
angular velocity and number of pairs of contra-rotating
energy cells. The position of the line of action of said
impulse output is determined by the angular orientation

- of the impulse drive unlt about the principal axis

35

tively propelled, lifted, guided and braked by a common

apparatus.

Yet another deficiency in the prior art is the Iack of a
suitable configuration for a compact powerplant which
embodies the foregoing concept and is adaptable to the
spaces and configurations of applicable vehicles.

-In view of the fu:regmng, it will be appreciated al-
though a concept exists in the prior art for converting

the torque of a power source into linear impulse by the -

process of varying the radial distances of rotating
masses from their centers of rotation, numerous ad-

60

63

thereof.

One cbject of the invention is to pmwde a coOmmon
propulsion powerplant concept for vehicles operating
in a reaction medium, such as land and water vehicles.

Another object, in addition to the foregoing objects,
is to significantly improve propulsion, lift, gmdance and

braking of vehicles.

Another object, in addition te the foregoing cnh_]v:-:cts,
is to provide a means for propelling, lifting, gutding and
braking vehicles which is readily adaptable to a wide
variety of power sources, such as, conventional piston .
and turbine engines, nuclear engines, pulsed electro-
magnetic wave powered motors, and solar pﬂwered'

_IIlDtGI'S
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To foregoing cbjects, along with additional objects,
features and benefits of the invention will become ap-
parent from the ensuing description and accompanying
drawings which disclcse the invention in detail. A pre-
ferred embodiment is disclosed in accordance with the
best mode contemplated in carrying out the invention
and the subject matter in which exclusive rights are
claimed is set forth in each of the numbered claims at
the conclusion of the description.

- BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a universal pro-
pulsion powertrain shown in partial section.

FIG. 2 is an enlarged longitudinal sectional view of
the impilse drive unit of the powerplant shown in FIG.
1. '

FIG. 3 is a reduced sectional view of the impulse
drive unit taken on the line 3—3 of FIG. 2.

FIG. 4 is a reduced sectional view of the impulse
drive unit taken on the line 4—4 of FIG. 2.

FIG. 5 is a sectional view of the impulse drive unit
taken on the line 5—35 of FI1G. 2 showing the planetary
gear drive of said drive unit.

FIG. 6 is a sectional view of the impulse drive unit
taken on the line 6—6 of FIG. 2 showing the pair of
conjugate contra-rotating energy cells of the impulse
drive unit at the initial position of the energy absorption
cycle. |

FIG. 7 is an enlarged sectional view of the impulse
drive unit taken on the line 7—7 of FI(. 6.

FIG. 8 is a sectional view of the impulse drive unit
taken on the line 8—8 of FIG. 2 showing the cam
grooves and engaging cam followers of the pair of con-
tra-rotating energy cells.

FIG. 9 is a diagrammatic view of the impulse drive
unit energy cells referred to herein for disclosing the
operating principles of the impulse drive umt.

FIG. 10 is a longitudinal sectional view of an alter-
nate embodiment comprising a compound impulse drive
unit.

FIG. 11 is a sectional view of the compound impulse
drive unit taken on the line 11—11 of FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings wherein like refer-
ence characters refer to like and corresponding views
throughout the several views, in the particular embodi-
ment of the universal propulsion powerpiant 20 and
impulse drive unit 23, disclosed for illustrative purposes
in FIG. 1, the powerplant 20 is a self-contained unit
encased within an assembly of housings 21.

The Universal Propulsion Powerplant

The powerplant 20 is adapted for mounting in a vehi-
cle structure whereby the uni-directional hinear mpulse
output of the powerplant 20 is directly imparted by the
mounting of said powerplant 20 to a vehicle structure
for propelling, lifting, guiding or braking the vehicle, as
the case may be.

The universal propulsion powerplant 20 generally
comprises a rotary torque source 24, an impulse drive
unit 23 for receiving and converting torque from said
torque source 24 into a train of uni-directional linear
impuises, a means 32 for operatively coupling the
torque source 24 to the impuise drive unit 23 and means
(not shown) for controlling the ocutput of said power-
plant 20.

10

15

4

In the orientation of FIG. 1, the torque source 24 is a
horizontally disposed electric drive motor 24 at the rear
of the powerplant 20 but may be of any other suitable
rotary means of supplying torque, by way of example,
piston and turbine engines, nuclear engines, beamed
electromagnetic wave motors and solar powered mo-
tors. ‘

A front end plate 25 is fixedly attached to the outer
housing 26 of the drive motor 24. The drive motor 24 is
supported in the powerplant 20 by clamping the motor
front end plate 25 {0 the rearmost outer flange 28 of the
adjacent clutch housing 27 immediately forward of the

drive motor 24 with the bolt fasteners 29. The drive
motor 24 has an axial output shaft 30 which is aligned
with the axis U—U herein later referred to as the princi-
pal axis U—U of the impulse drive unit 23. The forward
splined end 22 of the drive motor output shaft 30 en-

~ gages an internal spline (not shown) in the end portion

20

25

30

35

45

20

18 of the input shaft 31 of a magnetic particle clutch 32
or some other suitable clutch means for coupling the
drive motor 24 to the impulse drive unit 23.

The forward surfzce of the generally cylindrical
clutch stator member 33 abuts the vertical wall 34 of the
housing 27 which encases the clutch 32 and is fixed to
said vertical wall 34 by the bolt fasteners 36. The clutch
32 is accurately positioned and supported by piloting
the aft projecting shouider 37 of the clutch stator mem-
ber 33 into the aperture 38 of the drive motor front plate
25 and the forward projecting shoulder 39 of the cluich
stator member 33 into the aperture 40 of the clutch
housing vertical wall 34.

The forwardly projecting output shaft 41 of the
clutch 32 is internally splined (not shown} and engages
an external spline 19 on the aft end portion of the 1m-
pulse drive enit input shaft 31. Drive motor torque is
transmitted through the magnetic particle clutch 32 to
the impulse drive unit 23 for conversion into a power-
plant output train of uni-directional linear impulses.
Immediately forward of the clutch housing 27, which
encases the clutch 32, is a somewhat larger housing 42
which houses a caliper disc brake unit 43 and a worm
gear drive unit 44. The larger housing 42 is fixed to the
adjacent cluich housing 27 by clamping together the
outer flange 45 of the claich housing 27 and the outer
flange 46 of the brake and worm drive housing 42 with
the boli fasteners 47, )

The caliper disc brake unit 43 which 1s used, as re-
quired, for reducing the kinetic energy level of the
impulse drive unit 23 has an axial rotor 48 zligned with
the principal axis U—U and a flanged caliper 49 for

- imparting a braking force to the rotor 48. The rotor 48

53

&0

&3

is suitably fixed to the cluich output shaft 41 with
splines 35 and rotates with the cluich output shaft 41
The flanged caliper 49 is installed in the powerplant 20
by inserting the caliper body 50 through the housing
aperture 51 and clamping the caliper flange 52 to the
housing 42 with the bolt fasteners 33.

The right angie worm gear drive unit 44 is used for
changing the direction of the line of action of the uni-
directional Iinear impulse output of the powerplant 20
and includes a worm wheel 54 aligned with the princi-
pal axis U—U and fixed to the impelse drive unit 23, a
worm gear 56 for rotating the worm wheel 34, disposed
at right angles to said principal axis U—U in meshing
engagement with the worm wheel 54, and an electric
worm gear drive motor 37 aligned with and suitably
attached to the worm gear 56 for rotating the worm

gear 56,
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The worm gear drive motor 57 is fixed to the vertical
wall 58 of the housing 42 by clamping the worm gear
drive motor base 59 to said wall 58 with the bolt fasten-
ets 60. The worm gear 56 is journaled at one end thereof
by means of a conventional bearing (not shown) in the
worm drive motor 57 and at the other end thereof by a
bearing 61 mounted in a bore 62 of the brake and worm
drive housing 42.

‘The principal axis U~—U of the impulse drwe unif 23
is common with the axis of the input shaft 31 of said
impulse drive unit 23. The impulse drive unit 23 is jour-

5

naled at the aft end thereof for rotation about said axis

U—U by a bearing 63 mounted in a bore 64 of said

brake and wortm drive housing 42 and 1s journaied at the
forward end therecof by a bearing 65 mounted in a bore
66 of the outer housing 55 which encases the impulse
drive unit 23. The impulse drive unit outer housing 55 is
fixed to the adjacent brake and worm drive housing 42
by clamping together the flange 67 of the brake and
worm drive housing 42 and the flange 68 of the impulse
drive unit housing 55 with bolt fasteners 69.

Principle of the Impulse Drive Unit

The conversion of torque from the propulsion power-
plant drive motor 24 into uni-directional linear impulse
is essentially a two cycle process. The initiat cycle is an
energy absorption ¢ycle during which input torque of
the drive motor 24 is applied to a rotating member 70 of
the tmpulse drive unit 23 and a force is imparted by said
rotating member 70 to a mass member 71 slideably
mounted on the rotating member 70 and substantially
unconstrained to move radially on said member 70, As
a result thersof, during the initial cycle the mass mem-
ber 71 moves radially outward on the driving member
10 with increasing velocity and kinetic energy. It is
important to note during the energy absorption cycle

I3

that the mass member 71 is accelerated and moves at

mcreasing velocity along the path of travel with the
inherent motion of a body which is substantially radially
unconstrained. At the end of the energy absorption

cycle the radial distance of the mass member 71 from

the rotational center of the rotating memher 70 is a
maximunt. -

The final cycle of the process for converting turque
into uni-directional linear impulse is a power cycle dur-
ing which the mass member 71 is constrained to move
radially inward on the rotating member 70. During the

power cycle, as the mass member 71 moves inwardly a_

linear impulse is imparted to the surface constraining
the mass member 71 and is transmitted through the
mounting of the powerplant 20 to a vehicle structure for
the propulsion, Iift, guidance or braking of the respec-
tive vehicle. At the end of the power cycle the mass
member 71 is af the initial point of the energy absorption
cycle and the radhal distance of the mass member 71

from the rotational center of the rotating member 70 is

a minimum.

43

Referring now to FIG. 9, a pair of contra-rotating

energy cells is shown diagrammatically therein wherein
one of said cells and its rotational center are designated
by the characters C and O, respectively, and the other
cell and its rotational center are designated by the char-
acters C’ and O, respectively. A rotating member des-
ignated by the character A is journazled and rotates
clockwise about the cenier O of cell C and another
rotating member designated by the character A' is jour-

naled and rotates counterclockwise abont the center O

_ﬂf the cell C’. The centers O .s._md O’ lie on a Hne which

6

18 ai right angles to fhé principal axis U—U with each of |

said centers O and O being equally spaced from said
principal axis U—U. The rotations of members A and
A’ are fully synchronized whereby the members A and -
A' rotate in opposite directions along symmetrically
opposite paths with respect to a line passing through the
centers O and O,

Slideably engaging the rotating member A is a mass

‘member designated by the character M and shown in

the diagram as a point mass. A second mass member
designated by the character M’ slideably engages the
contra-rotating member A’ and is also shown in the
diagram as a point mass.

Assume that a torque is applied by the drlve motor 24

to the impulse drive wnit 23 causing the member A to -~

rotate about the center O in a clockwise direction and
the member A’ to rotate in a synchronized manner in a
counterciockwise direction about the center Q. Ne-
glecting friction for the present, and thereby assuming
that during the energy absorption ¢ycle the masses M
and M’ slide freely on their respective driving members
A and A’, rotating A and A’ will cause mass members M
and M’ to slide radially outward on rotating members A
and A'. With regard to mass member M (Note: the
fullnwmg also applles to mass member M") the differen- -
tial equation of motion is the following:

mE=mer

where:

1 = Iass

a=angular velocity

r=radial position

r=second derivative of r (radial acceleration)

The soiution of the differential equation for the radial
position of M at any time (1) is:

. r=rc08 et

where:
~ w=angular velocity
t=time :
rp=initial radial p-::-sﬂmn
cos h=hyperbolic cosine -
re-writing the solution into vector calculus alnng the
path of travel vields: -
Position of mass M on path of travel

T=r, cos Alwt)er

Velocity of mass along path of _travél: |

TF= potor COS A TE A Pt ST AEr

Acceleration of mass M along path of travel:

- rﬂm- cOs (@l)er+ fo0 Cos k{m:‘}'&?—i- 2ra” sin
h[mr}ﬁ'”

where:

&-=unit vector in radial direction

En=1unit vector in normal direction

a=angular acceleration

sin h=hyperbolic sine

A study of these eguations yields the following con-
ciustons for a system where the mass M slides freely on
the rotating member A without friction:
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1, The path T of the mass M is constant and indepen-
dent of the magnitude of the mass M as well as its
angular velocity and angular acceleration.

. The magnitude of the velocity [T] of mass M along
its path of travel varies directly with the angular
velocity w.

3. The magnitude of the acceleration ]'1"{ of mass M
along the path of travel varies with the square of
the angular velocity e and directly with the angu-
lar acceleration «.

. The path T of the mass M is dependent only upon its
initial starting point with respect to the center of
rotation O of the rotating member A.

It can be deduced from the aforementioned conclu-
sions that as mass M travels unconstrained along the
hyperbolic cosine path the force output of powerplant
" 20 is restricted to a torgue reaction from drive motor 24
only. Hence, as the kinetic energy of mass M increases,
the generation of reactions opposed to the impulse force
output of the power cycle are avoided.

When friction between the mass M and rotating mem-
ber A is inciuded in the analysis, the solution of the
differential equation of motion for the position of the
mass M yields a family of paths of travel of thg mass M
which are bounded by a circle for a co-efficient of fric-
tion of infinity (i.e. no sliding on the member A) and the
" hyperbolic cosine for zero friction.

Thus, it is concluded from the solution of the differ-
ential equation that the most efficient unconstrained
path for the mass M during the energy absorption cycle
is the hyperbolic cosine. Friction at the interface of the
mass M and rotating member A or any cther force
tending to retard the motion of the mass M on the mem-

ber A will cause the mass M to deviate from the hyper-.

bolic cosine path and thus reduce the efficiencies of the
propulsion powerplant 20 and impulse drive unit 23.

Inasmuch as the hyperbolic cosine is the most effi-
cient unconstrained path for mass M during the energy
absorption cycle, it is apparent that maximum use of the
"hyperbolic cosine path should be used during the en-
ergy absorption cycle.

If no other forces other than the driving force of the
rotating member A acted on the mass member M during
the energy absorption cycle, it would not be necessary
to guide the mass M along the hyperbolic cosine path.
However, for practical constderations, mainly, that
other forces, such as friction, accelerations from mass
imbalance, and gravity will most likely exist, some guid-
ance means, however minimum, will be preferable for
the energy absorption cycle. It should be noted that as
the guidance means urges mass M to follow the hyper-
bolic cosine path a reaction equal in magnitude and
opposite in direction to the force tending to retard mass
M will be imparted to the guidance means. This reac-
tion is complimentary and additive to the impulse out-
- put generated in the power cycle.

The criteria for establishing a preferred path of travel
for mass M for the power cycle are considerably differ-
ent than those of the energy absorption cycle. The ki-
neiic energy absorbed by mass M in the energy absorp-
tion cycle must be imparited as an impulse to the mass M
constraining member and hence to the vehicle to which
propulsion powerplant 28 is affixed.

Tweo factors important i the deiermination of the
path of travel of mass M during the power cycle are the
need to conirol the maximum siresses in the constrain-
ing member mass M acts upon to decelerate and the
achievement of a continuous titme rate of change of the

10
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velocity of mass M, such that, the resultant impulse
output of powerplant 20 may be as smooth as possibie.

Since impulse reactions are generated in the power
cycle and effectively avoided in the energy absorption
cycle it is apparent that an abrupt change from one
cycle to the other would violate the aforementioned
power cycle criteria. A transition between these two
inverse cycles is therefore necessary.,

Referring now to FIG. 9, in cell C a hyperbolic co-
sine curve is shown therein for an interval of 180°
whose initial point J and final point P lie on the line of
centers O and O'. After 165° of travel from point J, the
mass M wiil be at point N. The transition from the
energy absorption cycle to the power cycle begins at
point N as the constraining member acts to deviate mass
M from the hyperbolic cosine path-of travel. As mass M
moves 30° from point N to point Q the constraining
member as decelerated mass M'’s radial velogity to zero,
however, the tangential velocity and kinetic energy of
mass M continpes to increase from point N to a maxi-
mumm at poini Q.

Point Q marks the end of the energy absorption cycle,
the halfway point of the transiiion between the two
cycles and the start of the power cycle. For continuity
of motion of mass M, the transition continues for an
additional 30° from point Q to poini R. The path. of
travel of mass M from point N to point R is one of a
simple single degree of freedom undamped harmonic
with amplitude equal to the distance from point Q to
point Z. Peint Z lies at the point of intersection of a line
of centers from point N to point R and a line of centers
from point Q to point O.

The absclute values of the radial and tangential ve-
locities of mass M at point R are equal to the absclute
values of the radial and tangential velocities at point N.
Therefore, the path of travel of mass M for the power
eyele from point R to point K is the inverse of the
hyperbolic cosine path established in the energy absorp-
tion cycle constructed about a line of centers between
points K and Q.

A transition between the end of the power cycle
point K and the start of the hyperbolic cosine curve.
point ¥ is required to maintain continuity of motion of
mass M. A tangential curve blend between point K and
a point L on the hyperbolie cosine path will re-establish
mass M on the hyperbolic cosine path for the energy
absorption cycte. It will be appreciated that in addition
to the orbital path of the mass M which 1s disclosed in
FIG. 9, various other paths for the mass M having slight
modifications from FI1G. 9 are possible within the scope
of the invention.

The requirement for cﬂntra-mtatmg encrgy cells may
be understoed from FIG. 9 wherein the mass members
M and M’ are shown at points H and H', respectively,
during the power cycle at one instani in time. As the
mass members M and M’ are decelerated by the con-
straining member, forces F and F’ are imparted to the
constraining member by the mass members M and M/,
respectively. By resolving the forces F and F’ into com-
ponents Fy and F’, parallel to the line of centers O and
O and components F,and F', perpendicular to said line
of centers, it it seen that the components F; and F'y,
being of equal magnitude and oppostte direction, cancel
whereas the components F, and F'), being of equal
magnitude and the same direction, add to provide a
resultant 2F), at the mid point of the cells and perpendic-.
uiar to the line of centers O and Q. It should be noted
at this point that the frequency at which this resultant
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2F, impulse force is output is a direct function of the
angular velocity of rotating members A and A', the
number of mass members M and M’ and the number of
energy cells and their phase relationships.

The Impulse Drive Unit

With reference to FIGS. 1 through 6, inclusive, the
particular embodiment of the impnlse drive unit 23
selected as illustrative of the invention and disclosed in
detail has a pair of contra-rotating energy cells 72 and
73 whose corresponding axes 74 and 75 are disposed
parallel to the principal axis U—U. The energy cells 72
and 73 are housed in an assembly consisting of a for-
ward housing 76, an aft housing 77 and a combination
gear carrier and disc brake rotor plaie 78 which is
clamped between the flange 79 of the housing 76 and
the flange 80 of the housing 77 with bolt fasteners 81
The circular outer portion 82 of the gear carrier and
brake rotor plate 78 is positioned Detween pads 83 of a
pair of brake calipers 84. The calipers 84 are 1nstalled by
inserting the caliper body portions 85 through apertures
86 in the impulse drive outer housing 5§ and clamping
the caliper flanges 87 to the housing 55 with boit fasten-
ers 88. The caliper brake unit 89 is comprised of the
brake rotor portion 82 of the plate 78 and the calipers 84
which are preferably spring or otherwise biased so as to
normally fix the impulse drive unit 23 to the housing 55
and unlock said impulse drive unit 23 from said housing
55 by applying power to the calipers 84 when said im-
pulse drive unit 23 is to be rotated about the principal
axis U—LJ.

10

The impulse drive input shait 3is _luurnaleﬂ thmugh
the aft housing 77 by means of a bearing 105 and is

~ journaled in a support housing 106 by means of another

10

bearing 107. The support housing 106 is fixed to the
interior of the aft housing 77 by boit fasteners 108.
The impulse drive input shaft 31 extends rearward
through a bore 109 in the spindie 92 and has at its aft
distal end an exteraal spline 19 which fixes said shaft 31
to the clutch output shaft 41. The driving member 112 .
of the parallel axis gear set is fixed to the impulse drive
input shaft 31 by splines 110 and meshes with the driven
gear 111 which is centered on the axis 74 of the energy

cell 72, The spindle portion 114 of a ring gear member . -

" 115 of the planetary gear set 103 is fixed to the driven -

15

20

23

30

The impalse drive unit 23 is supported for rotation -

about the principal axis X—X at the forward end of said
unit 23 by means of an axially disposed spindle 90 which
is flange mounted with bolt fasterers 91 to the houstng
76 and is supported at the aft end thereof by means of
another axially disposed spindle 92 which is flange
mounted with the bolt fasteners 23 to the housing 77.
An end cap 17 thI‘Eﬂdﬂbl}' engages the housing 55 and
retains the bearing 65 in the housing 55. _

The shouldered end 94 of the impulse drive aft spm-
dle 92 has a keyway 95 which receives a key 96, and
said spindile 92 carries the worm wheel 54 and bearing
63. The key 96 engages a key slot 97 through the bore
98 of the worm wheel 54. The distal end of the impulse
drive unit spindles 90 and 92 are threaded and receive
conventional spanner auts 99 and companion tab lock
washers 100, the same partice applied for retaining
shafis thronghout the propulsion powerplant 20.

It will be recalled that during the energy absorption
cycle the kinetic energy of the mass member M in-
creased as a result of the outward movement of the

35

45

30

member M on the rotating member A which resulted in -

an increase in velocity T{(see FIG. 9). Since for a given
radial distance the Kinetic energy of a rotating body
varies directly as its mass and the square of its angular
velocity, for conserving weight and reducing size, it is
desirable, insofar as it is possible, to operate the impulse
dnive unif 23 at high speeds. However, depending vpon
the type of torque source 24, it may be desirable to
provide some means for increasing the speed of the
torque source 24.

A gearing means 101, comprising. a pair of parallel
axis gears 111 and 112 and a pair of equivalent pianetary
gear sets 103 and 1984 is provided in the embodiment of
FIG. 2 for increasing the rotational speed of the conira-
rotating energy cells 72 and 73,

55

63

parallel axis gear member 111 by splines 110 and is
driven by said gear 111. The ring gear spindle portion
114 is journaled in the impulse drive aft bousing 77 by
means of a bearing 117 and is journaled in the support
housing 106 by means of another bearing 118. A cover
119 is fixed to the housing 77 with bol{ fasteners 120 for
sealing the access opening 121 in said housing 77, the
same practice used throughout satd impulse drive unit

- 23 jor sealing other access openings.

The particular type of planetary gear sets 103 and 104
which drive the contra-rotating energy cells 72 and 73
are commonly referred to as star units and consist of the

ring gears 115 and 122, a set of three equally spaced

planet gears 123 meshing with internal gear positions
124 in the annulus 125 of each ring gear 115 and 122 and
rotating about fixed axes in the brake rotor and carrier

plate 78, and a sun gear 126 meshing with each set of

planet gears 123 and rotating about a fixed axis co-inci-
dent with the axes of the energy cells 72 and 73.

The overall gear ratio for the impulse drwe unit gear
train 101 ts as follows: -

Nl . N,r .
~ TNt

R =

where:

R=gear ratio
Ni=number of teeth in driving gear member 111 of

parallel axis gear set 102

Nj=number of teeth in driven gear member 2 o0f -

parallel axis gear set 102
N,=number of teeth in ring gear 115 and 122 of
planetary gear set 103 and 104
Ns=number of teeth in sun gear 126 of planetary gear
set 103 and 1G4
Each planet gear 123 is journaled on the aft end por-
tion of a spindle 127 which is fixed at the forward end
portion thereof by press fiiting or ¢ther means to the
carrier plate 78. The aft portions of the spindles 127 are .
fixed by press fitting or other means to the inner races of
bearings 155 suitably mounted in the planet gears 123.
The sun gears 126 are fixed to the end portions of the
rotor shafts 134 of the energy cell rotors 70 by splines
113 and retained on said shafts 134 by retaining rings:
129. The outermost portion of the ring gear 115 has the
form of an external gear 130 and meshes with an outer

-external gear portion 131 of the ring gear 122 to provide - -

the means for the cnntra—mtatmg motion of l'h'E: energy
cells 72 and 73. _

The construction of the rotors 70 of the -energ}r cells
72 and 73 can be best seen in FIGS. 2 and 3. The rotors
70 are journaled at their forward ends by means of a
bearing 132 and are journaled at their aft ends by means
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of a similar bearing 133. The shafts 134 of the rotors 70
are generally rectangular shaped apertured members
with shouldered end portions for supporting and
mounting end portions of the shafts 134 in the bearings
132 and 133. At a mid position on the outer side of each
rotor shaft 134 is an apertured boss 154 formed integral
with the rotor shaft 134 for receiving a cylindrical slider
rod 135 which is fixed to said rotor shafts 134 by weld-
ing or other suitable means. The slider rods 135 revolve
in fixed relationship with the rotor shafts 134 when the
rotor shafits 134 are driven by the sun gears 126 in con-
tra-rotating motion.

Referring now to FIG. 5, on each side of the rotor
shafts 134 is the rather large mass member 71 which
slideably engages the parallel pair of slider rods 135.
The mass members 71 are generally cylindrical in shape
with integral projecting upper and lower end boss por-
tions 136 and side apertured boss portions 137

Suitably mounted in each of the apertured bosses 137
is a low friction linear ball bearing 138. The bearings
138 are retained in each of the bosses 137 by retaining
rings 139 which engage grooves 156 in said bearings
138. Threadably engaging each of the end boss portions
136 of the mass members 71 are low friction cam fol-
lowers 157 which provide a roller means for engaging
the mass members 71 with the matching symmetrically
“opposite cam grooves 140 of the forward cam plate 141
and the aft cam plate 142. The forward cam plate 141 is
fixed to the housing 76 with bolt fasteners 143 and the
aft cam plate 142 is fixed to the combination carrier and
rotor plate 78 with bolt fasteners 144, The cam grooves
140 are preferably shaped to provide the path of travel

for the mass members 71 shown in FIG. 9 and described -

in the disclosure of the principle of the impulse drive
unit 23.
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12
are fixed to the rotor shafts 152 and 153 of the aft cells
149 by spline connections 158 and 159,

The rotor shafts 150 and 151 of the forward cells 148
are radially phased at 90° to the rotor shafts 152 and 153
of the aft cells 149 and said forward rotor shafts 150 and
151 are fixed to said afi rotor shafts 152 and 153 by
spiine connections 158 and 159, The mass members 71
of the forward cells 148 and aft cells 149 engage the cam
grooves 140 which are disposed parallel to one another
and aligned in the direction of the principal axis X—X.
It will be apparent that the $0° phasing of the forward
cell rotor shafts 150 and 151 andg aft cell rotor shafts 152
angd 153 doubles frequency of the pulsed linear impulse
powerplant output with the tandem embodiment 147
over the impulse drive unit 23 having a single pair of
contra-rotating celis. In a manner similar to the tandem
impulse drive unit 147, greater numbers of pairs of en-
ergy cells can be placed in a common propulsion pow-
erplant for reducing component wear and stress, partic-
ularly of the cam grooves 140, and for providing a
smoother linear impulse powerplant output.

APPLICATION OF THE PROPULSIVE
POWERPLANT

The universal powerpiant 20 is preferably mounted
directly to a vehicle structure with the principal axis

- U—U thereof oriented perpendicular to the plane in

which the uni-directional linear irnpulse output is to be
imparted on the vehicle for propulsion, lift, guidance or
braking. The control means (not shown) for varying the
magnitude of powerplant output by adjusting the rota-
tiomal speed of the impulse drive unit energy cells may
be any existing means which is compatible with the

~ torque source 24 or any available variable-speed drive

33

Referring now to FIG. 6, assume that the rotor 70 of

energy cell 72 rotates in a clockwise direction and that

the rotor 70 of encrgy cell 73 rotates with synchronized
contra-rotating motion in a counter-clockwise direc-

tion. It will be observed from FIG. 7 that dering the

segment of the mass member orbits, designated by the

character 145 and corresponding to the energy absorb-
ing cycle, when the rotors 70 rotate in opposite direc-
tions the mass members 71 are radially accelerated and
slide outwardly on the slider rods 135. During the other
segment of the mass member orbits, corresponding to
the power cycle and designated by the character 146,
the mass members 71 are urged radially inwardly by the
cam grooves 140 and impart linear impulses on the
reacting surfaces of the cam grooves 14). It will also be
abserved that during each revolution of a rotor 70 two
energy absorption and two power cycles are completed.
Thus, the number of power cycles per revojution of the
rotor 70 can be determined by dividing the pliase angle
between the mass members 71 into 360° of rotor travel.
From this it is clear that a smoother linear impulse oui-
put of the powerplant 20 will result by increasing the
number of pairs of mass members 71 and radially phas-
g the positions of said pairs.

The use of multiple conira-rotating pairs of energy
cells for increasing powerplant output frequency is
exemplified by the alternate embodiment of the tandem
impulse drive unit 171 disclosed in FIGS. 10 and 11.

A forward pair of contra-rotating encrgy cells 148 is
mechanically coupled to an aft pair of contra-rotating
energy cells 149, said forward cells 148 being disposed
parallel to said aft pair of cells 149, As shown in FI1G.
10, the rotor shafis 150 and 151 of the forward cells 148
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(not shown) which can be incorporated between the
torgue source 24 and impulse drive unit 23. The clutch
32 provides a means for de-coupling the torque source
24 from the impulse drive unit 23 during conditions
such as start-up of the torque source 24, rotations of the
impulse drive unit 23 and emergency conditions.

During changes in direction of powerplant oniput, to
prevent shock loading of the worm drive unit 44, the
torque source 24 is preferably first de-coupled by the
ciutch 32 from the impulse drive unit 23. Thereafter, the
impulse drive unit 23 is released by disengaging brake
calipers 84 and angularly displaced by the worm drive
unit 44 to the required direction of powerplant output.

Although but two embodiments of my invention have
been disclosed and described. herein, it is obvious that
many changes may be made in the size, shape, arrange-
ment and details of the various elements of the invention
without departing from the spirit thereof and it is not
intended to limit the scope of the invention other than
by the terms of the appended claims. |

I claim:

1. A universal propulsion powerplant for propelling,
lifting, guiding and braking vehicles compmnsing, in
combination:

a means for supplying torque to a rotating input shaft

of an impulse drive unit;

a clutch means for operatively connecting said torque
mezns to a rotating shaft of an impulse drive unit,
said clutch means having an input member posi-
tively connected to said torque means and an out-
put member; |

a housing for enclosing said clutch means;

a disc brake rotor member axially disposed and fixed
to the clutch output member;
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a housing for enclosing said disc brake rotor member;
a brake caliper for supplying a braking force to the

rotor mounted on said housing for enclosing said
disc brake rotor;

an impulse drive enit for converting torque from said
supply means into linear impulse, said impulse

drive unit having a rotating input shaft positively-

connected to said clutch output member and at
least one pair of contra-rotating energy celis opera-
tively connected to said rotating input shaft, the
axes of each of said energy cells being aligned par-
allel with the axis of said rotating input shaft;

a housing for enclosing said impulse drive unit;

control means for adjusting the linear impulse output
of said impulse drive unit; and

15

a means for mounting said propulsion pﬂwerplant ina .

vehicle whereby said linear impulse cutput may be
imparted to the vehicle.

2. The propulsion powerplant recited in claim 1
wherein said impulse drive unit is rotatably mounted in
said powerplant and means are provided for rotating
said impulse drive unit for changing the direction of the
linear impulse output of the powerplant.

3. The propulsion powerplant recited in claim 2
wherein said means for rotating said impulse drive unit
comprise a power worm drive means mounted in said
powerplant for rotating said impulse dnve unit and a

20

disc brake means mounted in said powerplant for fixing .

the angular position uf said 1m1::ul$e drive unit in said
powerplant.

4. The propalsion pnwerplant recited in claim 1 far-
ther comprising additional pairs of contra-rotating rotor
members with pairs of mass members slideably mounted
on said rotor members in said impulse drive unit, said
additional pairs of rotor members being in phased rela-
tionship to said first pair of rotor members.

5. The propulsion powerplant recited in claim 1
wherein electric motor means are provided for supply-
ing torque to the impilse drive unit,

6. The propulsion powerplant recited .in c¢laim 1
wherein beamed electromagnetic wave motor means

are provided for supplying torque to the impulse drive -

unit, .

7. The propulsion powerplani recited in claim 1
wherein said contrel means for adjusting the output of
the impulse drive unit comprises a means for adjusting
the rotational speed of the impulse drive input shaft to
vary the amplitude of said output and means for rotat-
ing the impulse drive unit about the axis of the input
shaft to vary the direction of said output.

8. The propulsion powerplant recited in claim 1
wherein each of said contra-rotating energy cells com-
prises:

a rotating rotor shaft, said rotor shaft being generally
rectanguiar. shaped apertured members having
shouldered end portions for rotatably mounting
said shaft and apertured boss side portions for re-
ceiving & slender cylindrical rod in each of the boss
side portions;

a pair of parallel slender cylmdncal rods, each of said
rods being perpendicular to the axis of said rotor

43

shaft and fixedly mounted at the center thereof to -

one of said side boss. portions of the rotor shaft;

a pair of mass members, each of said mass members
having apertured boss side portions for slideably
mounging the mass members on opposite sides of
the axts of said rotor shaft and shouldered end
portions for receiving bearings;

63
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a pair of paraliel cam plates in perpendicular relation-
ship to the axis of said rotor shaft, each of said cam
plates having an endless groove for receiving one

of the bearings at the apertured ends of said mass.
members, said cam grooves having one hyperbolic

cosiite portion for permitting the mass members to
move outwardly with the inherent motion of unre-
strained bodies during the rotation of the rotor
shaft and another hyperbolic cosine portion for
parmitting the mass members to move inwardly to

impart a linear impulse to said cam plate for propel--

ling, lifting, guiding or braking a vehicle.

9. A universal propulsion powerplant for propelling,
guiding and brakmg vehicles comprising in combina-
tion:

a drive motor for prnducmg torque, said motor havﬁ
ing a rotatably mounted output shaft for transmit-
ting the output torque of the motor and a mounting
plate for mounting the motor in satd powerplant;

a first housing for mounting a clutch, said housing
being fixedly attached to the mounting plate of the
drive motor;

a clutch ﬁxedly mounted in said ﬁrst hnusmg in axiai

alignment with the drive motor for coupling the

output shaft of the drive motor to a disc brake.

rotor, said clutch having a rotatably mounted input
shaft fixedly attached to the drive motor output
shaft and a rotatably mounted output shaft for
coupling the clutch to said disc brake rotor;

a second housing for mounting a disc brake rotor,

said housing being fixedly attached to the first

housing;

a dis¢ brake rotor rotatably mounted in said EEE{}IIEI
housing in axial alignment with the clutch, said disc
brake rotor having an input shaft portion fixedly
attached to the clutch output shaft and an output
shaft portion for coupling the disc brake rotor to
the input shaft of an impulse drive unit;

“a disc brake caliper ﬁxedly' mounted in said second

- housing for imparting a braking force to the disc-.

brake rotor:

a third housing for mounting an impulse drive unit, =~

and third housing being ﬁxedly attached to the
second housing;

an impulse drive unit rotatably mﬂunted in said third |

housing for converting output torque of the drive
motor into a upi-directional linear impuise cutput,
said impulse drive unit having a rear housing, a
front housing fixedly attached to the rear housing,

a plate fixedly mounted beiween said rear and front.

housings having an outer portion extending out-
wardly from said rear and front housings for re-
ceiving a braking force from a disc brake caliper, a
worm wheel fixedly attached to said rear housing

in axial alignment with the axis of rotation of the

impulse drive unit, an input shaft fixedly attached
to the cutput shaft portion of the disc brake rotor,
a train of planetary gears operatively connected to
said input shaft for providing a higher rotational
speed fo the rotating mass members, at least one
pair of contra-rotating rotor members operatively
connected to the train of planetary gears, a pair of
mass members slideably mounted on each of said
conira-rotating rotor members for moving along

endless orbits in opposite reciprocating motions on

- said rotor members, and means for controlling the
motions of said mass members such that on each of
said rotor members the sliding mass members move
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in endless orbits about the center of the rotor men:-
bers, said orbits having a first substantial hyper-
bolic cosine portion where the mass members
move ontwardly from the centers of rotation of the
rotor members with the inherent motion of uncen- 3
strained bodies to attain higher levels of Kinetic
energy and a second substantial hyperbolic cosine
portion where said mass members are constrained
to move imwardly towards the centers of rotation
of the rotor members to reduce the levels of kinetie 10
energy of the members and impart a linear impulse
to ‘the powerplant for propelling, lifting, guiding
and braking vehicles;

a worm gear rotatably mounted in said second hous-

ing and operatively engaging said worm wheel of {3
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the impuise drive unit for rotating the impulse
drive unit to change the direction of the linear
impulse imparted 1o the powerplant;

a drive motor for rotaiing said worm gear;

a pair of disc brake calipers fixedly mounted to said

" third housing for fixing the radial position of the

impulse drive unit by imparting a braking force to
the outer portion of the impulse drive unit plate;
and

a mounting means for attaching the powerplant io a
vehicle structure whereby the uni-directional lin-

ear impulse outpat of the powerplant is imparted to

said vehicle structure.
* ®x H x K



