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Method of and means for high performance direct current electrical grert@zation utilizing
mechanical energy storage

Abstract

A method of converting inertial mechanical energy into a high energy dirgent electrical pulse of shor
time duration is disclosed. Apparatias practicing the method is described. According to the invention,
rotating mass is provided together with electrical conductor meapsadducing a localized magnetic field
at the surface of the massldtalized magnetic flux compression means is also provided at the sofface
the mass and either the electrical conductor means or thecilopression means is rotated with the mas:
produce periodic compressiofthe flux of the localized magnetic field in response to the rotatidmeof
mass. A load is connected across the electrical conductor durinfisucbmpression which converts a
major portion of the inertial energy tfe rotary mass into an exponentially rising pulse of direct curren
through the load with a very rapid decay.
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Claims

What is claimed is:

1. The method of converting inertial mechanical energy into a pulse of electrical energy in a given loi
comprising the steps of:

(a) rotating a mass about a given axis to provide a source of inertial mechanical energy;

(b) providing an electrical conductor means adapted to produce a localized magnetic field at the suri
said rotary mass by electrical current flow therethrough;

(c) providing a localized magnetic flux compression means at the surface of said rotating mass;
(d) rotating one of said electrical conductor means and said magnetic flux compression means with ¢
rotating mass to periodically compress the flux of said localized magnetic field in response to said ro

of said massand

(e) connecting said given load across said electrical conductor means during said compression of sa
said localized magnetic field.

2. The method of claim 1 including the steps of:
(f) initially rotating said mass without electrical current flow through said electrical conductor means;

(9) sensing the position of said electrical conductor means and said localized magnetic flux compres
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means relative to each othand

(h) establishing an electrical current flow in a given direction through said electrical conductor mean:
said given load when said localized magnetic flux compression means is in position relative to said €
conductor means to begin compressing the magnetic flux produced by electrical current flow thereth

3. The method of claim 2 including the step of preventing electrical current flow in the direction oppo:
said given direction through said given load.

4. The method of claim 2 or claim 3 including the step of electrically connecting an impedance in par
with said load when said localized magnetic flux compression means is in position relative to said ele
conductor means to cease compressing the magnetic flux produced by electrical current flow thereth

5. The method of converting the major portion of the inertial mechanical energy stored in a mass rot:
about a given axis and having a surface defining a right circular cylinder into a single pulse of electr
energy in a given load comprising the steps of:

(a) providing an electrical conductor means adapted to produce a plurality of localized magnetic fielc
right circular cylindrical array about said surface of said rotating mass and having centers spaced a
distance from each other in said array upon flow of electrical current therethrough;

(b) providing a right circular cylindrical array of a plurality of localized magnetic flux compression me
about said surface of said rotating mass having centers spaced said given distance from each other
array;

(c) mounting one of said electrical conductor means and said array of a plurality of localized magnet
compression means on said mass for rotation therewith and mounting the other against rotation with
mass;

(d) electrically connecting said given load across said electrical conductor means;
(e) initially rotating said mass without electrical current flow through said electrical conductor means;

(f) sensing the position of said array of localized flux compression means relative to said plurality of
localized magnetic fieldgnd

(g) establishing an electrical current flow in a given direction through said electrical conductor mean:
said given load when each of said localized magnetic flux compression means is in position to begin
compressing the flux of a different one of said plurality of magnetic fields produced by said electrical
current flow through said electrical conductor means.

6. The method of claim 5 including the step of preventing electrical current flow in the direction oppo:
said given direction through said load.

7. The method of claim 5 or claim 6 including the step of electrically connecting an impedance in par

with said load when said array of localized magnetic flux compression means is in position relative tc
plurality of magnetic fields to cease compressing the magnetic flux thereof.
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8. The method of converting inertial mechanical energy into a direct current pulse of electrical energy
given load comprising the steps of:

(a) rotating a mass about a given axis to provide a source of inertial mechanical energy;

(b) providing an elongated electrical conductor means at a surface of said rotating mass adapted to
a localized magnetic field upon passage of electrical current from one end thereof to the other end t

(c) providing a localized magnetic flux compression means at said surface of said rotating mass;

(d) rotating one of said elongated electrical conductor means and said localized magnetic flux compt
means with said surface of said mass to periodically compress the flux of a magnetic field produced
electrical current flow through said electrical conductor means;

(e) establishing an electrical voltage difference between opposite ends of said electrical conductor n
and

(f) establishing an electrical current flow through said load and said electrical conductor means by m
the impedance of said load to said electrical conductor means when said flux compression means is
position relative to said electrical conductor means to begin compressing the flux of the magnetic fiel
produced by said electrical current flow

(9) electrically connecting an impedance in parallel with said load when said flux compression mean
position relative to said electrical conductor means to cease further compression of the flux of the mi
field produced by said electrical current flow.

9. The method of converting inertial mechanical energy into a pulse of direct current electrical energy
given load comprising the steps of:

(a) rotating a mass about a given axis to provide a source of inertial mechanical energy;

(b) providing an elongated electrical conductor means at the surface of said rotating mass adapted t
produce a localized magnetic field at said surface of said rotating mass upon passage of electrical ¢
through said electrical conductor means from one end thereof to the other;

(c) providing a localized magnetic flux compression means at said surface of said rotating mass;

(d) rotating one of said elongated electrical conductor means and said localized magnetic flux compt
means with said surface of said rotating mass to periodically compress the flux of a magnetic field b

electric current flow through said electrical conductor means;

(e) establishing a given electrical voltage difference between opposite ends of said electrical conduc
means;

(f) allowing electrical current flow through said given load and said electrical conductor means when
flux compression means is in position relative to said electrical conductor means to compress the mz
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field produced by said electrical current flow at said given electrical voléagk;

(9) preventing electrical current flow through said load when said flux compression means is in posit|
relative to said electrical conductor means to compress the magnetic field produced by electrical cur
flow at a voltage of polarity opposite said given electrical voltage.

10.The method of converting inertial mechanical energy into a pulse of direct current electrical ener
given load comprising the steps of:

(a) rotating a mass having a right circular cylindrical surface about a given axis;

(b) providing a first elongated electrical conductor means rigidly fixed to said surface of said mass at
electrically insulated therefrom to produce a first plurality of localized magnetic fields spaced a giver
angular distance from each other in right circular cylindrical array about said surface of said mass ug
of electrical current therethrough;

(c) providing a second elongated electrical conductor mounted in close spaced relation to said surfa
said rotating mass against rotation therewith and insulated therefrom to produce a second plurality c
localized magnetic fields upon electrical current flow therethrough spaced said given angular distanc
each other in right circular cylindrical array about said surface of said mass;

(d) electrically connecting one end of said first elongated electrical conductor to one end of said sec
elongated electrical conductor;

(e) electrically connecting said given load across the other ends of said first and second electrical
conductors;

(f) sensing the relative position of said first plurality of localized magnetic fields with respect to said <
plurality of localized magnetic fields;

(g) establishing an electrical current flow in a given direction through said first and said second elony
electrical conductors and said load when said first and second electrical conductors are in position s
the localized magnetic fields produced by said electrical current flow therethrough will be mutually
compressedand

(h) electrically connecting an impedance in parallel with said load when said first and second electric
conductors are in position so that the localized magnetic fields produced by said electrical current flc
therethrough will cease to be further mutually compressed.

11. Apparatus for converting inertial mechanical energy into a pulse of direct current electrical energ
given load comprising:

(a) a mass mounted for rotation about a given axis to provide a source of inertial mechanical energy

(b) an electrical conductor means mounted to produce a localized magnetic field at the surface of sa
upon electrical current flow therethrough;
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(c) a localized magnetic flux compression means mounted at the surface of said rotatimpenatsaid
electrical conductor means and said magnetic flux compression means being mounted for rotation w
mass and said given load being connected across said electrical conductor means.

12.Apparatus as claimed in claim 11 including means for rotating said mass and means for establist
electrical current flow in a given direction through said electrical conductor means and said given loe
said localized magnetic flux compression means is in position relative to said electrical conductor me
begin compressing the magnetic flux produced by said electrical current flow therethrough.

13. Apparatus as claimed in claim 12 including means for preventing electrical current flow in the dire
opposite said given direction through said given load.

14. Apparatus as claimed in claims 12 or 13 including means for electrically connecting an impedanc
parallel with said load when said localized magnetic flux compression means is in position relative to
electrical conductor means to cease compressing the magnetic flux produced by said electrical curre
therethrough.

15. Apparatus for converting the major portion of the inertial mechanical energy stored in a mass rot
about a given axis and having a surface defining a right circular cylinder into a single pulse of electr
energy in a given load comprising:

(a) an electrical conductor means adapted to produce a plurality of localized magnetic fields in right
array about said surface of said rotating mass and having centers spaced a given distance from eac
said array upon flow of electrical current therethrough;

(b) a right circular cylindrical array of a plurality of localized magnetic flux compression means about
surface of said rotating mass having centers spaced by substantially said given distance from each «
said arraypne of said electrical conductor means and said array of a plurality of localized magnetic f
compression means being mounted on said mass for rotation therewith and the other being mountec
oppose rotation with said mass;

(c) means for electrically connecting said given load across said electrical conductorandans;

(d) means for establishing an electrical current flow in a given direction through said electrical condu
means and said given load when each of said localized magnetic flux compression means is in posit
begin compressing the flux of a different one of said plurality of magnetic fields produced by said ele
current flow.

16.The apparatus of claim 15 wherein said means for electrically connecting said given load across
electrical conductor means includes means for preventing electrical current flow in the direction oppc
said given direction through said load.

17.The apparatus of claim 15 or claim 16 including means for electrically connecting an impedance
parallel with said load when said array of localized magnetic flux compression means is in position re
to said plurality of magnetic fields to cease further compression of said magnetic flux thereof.

18. Apparatus for converting inertial mechanical energy into a pulse of direct current electrical energ
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given load comprising:
(a) a mass having a right circular cylindrical surface mounted for rotation about its cylindrical axis;

(b) a first elongated electrical conductor rigidly fixed to said surface of said mass and electrically insi
therefrom to produce a first plurality of localized magnetic fields spaced a given angular distance fro
other in right circular cylindrical array about said surface of said mass upon flow of electrical current
therethrough;

(c) a second elongated electrical conductor mounted in close spaced relation to said surface of said
mass against rotation therewith and insulated therefrom to produce a second plurality of localized m
fields upon electrical current flow therethrough spaced substantially said given angular distance from
other in right circular cylindrical array about said surface of said mass;

(d) means for electrically connecting one end of said first elongated electrical conductor to one end ¢
second elongated electrical conductor;

(e) means for electrically connecting said given load across the other ends of said first and second €
conductors,

() means for establishing an electrical current flow in a given direction through said load and said fir
second elongated conductors when said first and second electrical conductors are in position so tha
localized magnetic fields produced by said electrical current flow therethrough will be mutually comp

19. Apparatus as claimed in claim 18 wherein said first elongated electrical conductor comprises a pl
of elongated rectilinear strands extending along said surface of said mass parallel to each other and
cylindrical axis of said mass and electrically interconnected in series with each other in sinuousdaih
second elongated electrical conductor comprises a plurality of elongated rectilinear strands parallel t
other and to said cylindrical axis of said mass and electrically interconnected in series with each oth
sinuous fashionsaid means for electrically connecting one end of said first elongated electrical condt
one end of said second elongated electrical conductor comprises a first rotary brush means mounte:
rotation with said massind said means for electrically connecting said given load across the other en
said first and second electrical conductors comprises a second rotary brush means mounted for rote
said mass.

20. Apparatus for converting inertial mechanical energy into a pulse of direct current electrical energ;
given load comprising:

(a) a solid mass having an exterior surface defining a right circular cylinder of given diameter and gi
length mounted for rotation about its cylindrical axis;

(b) an annular mass having an internal surface defining a right circular cylinder of slightly larger diar
than said given diameter of said solid mass mounted coaxially with said solid mass and overlapping
length thereof;

(c) electrical conductor means adapted to produce a plurality of equally spaced localized magnetic fi
about said exterior surface of said solid mass by electrical current flow therethrough said electrical
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conductor means being mounted on one of said exterior surface of said solid mass and said interior
of said annular mass;

(d) a plurality of equally spaced localized flux compression means mounted about the other of said €
surface of said solid mass and said interior surface of said annular mass;

(e) means electrically connecting said load across said electrical conductor means;

() means for establishing an electrical current flow through said load and said electrical conductor
when said solid mass is in a first rotational position with respect to said annular mass, and

(g) means for electrically connecting an impedance in parallel with said load when said solid mass is
second rotational position with respect to said annular mass.

21.Apparatus as claimed in claim 20 wherein said solid mass and said annular mass are each made
magnetic material, said external surface of said solid mass and said internal surface of said annular
each provided with a plurality of rectilinear grooves in parallel equal spaced array with each groove
extending parallel to the cylindrical axis of the solid masst said electrical conductor comprises a
plurality of elongated rectilinear strands electrically connected in series in sinuous fashion with each
insulatingly received in a sufficient groove of one of said arrays of grooves in said external surface ¢
solid mass and said internal surface of said annular mass, whereby each said strand provides one
plurality of localized magnetic fields, and each said groove in the other of said arrays of grooves pro
one of said plurality of localized magnetic flux compression means.

22.Apparatus as claimed in claim 20 wherein said solid mass and said annular mass are each made
magnetic materiakaid electrical conductor means comprises a plurality of elongated rectilinear stranc
electrically connected in series in sinuous fashion rigidly mounted to one of said external surface of
solid mass and said internal surface of said annular mass with each said strand extending parallel tc
cylindrical axis of said solid mass and providing one of said plurality of localized magnetic fields upo
electrical current flow therethrougand said plurality of localized flux compression means comprises a
plurality of elongated rectilinear electrically conductive strands electrically connected in series in sint
fashion rigidly mounted to the other of said external surface of said solid mass and said internal surf
said annular mass with each said strand extending parallel to said cylindrical axis of said solid mass
providing one of said plurality of localized flux compression means upon electrical current flow
therethrough.

23. Apparatus as claimed in claim 22 wherein said series connected strands of said electrical conduc
means and said series connected electrically conductive strands providing said plurality of localized
compression means are electrically connected in series with each other and said given load is electr
connected thereacross.

24. Apparatus as claimed in claim 20 wherein said annular mass is mounted for rotation about the cy
axis of the internal surface thereof.

25. Apparatus as claimed in claim 23 wherein each of said plurality of strands of said electrical cond:

means comprises a plurality of elongated rectilinear conductive elements in close spaced substantia
array having substantial width in relation to the thickness thereof and each of said electrically condu

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOF...&f=C&|=50&co1=AND&d=PTXT&s1=juvan.INNM.&0OS=IN/juvan&RS=IN/juvan Page 8 of 25



United States Patent: 4266180 1/10/08 6:20 PM

strands providing said plurality of localized flux compression means comprises a plurality of elongate
rectilinear conductive elements in close spaced mutually insulated substantially planar array having
substantial width in relation to the thickness thereof.

26.Apparatus as claimed in claim 25 wherein said elongated rectilinear conductive elements of each
strands of said electrical conductor means and of each of said electrically conductive strands provid
plurality of localized flux compression means are electrically insulated from each other along the len:
thereof.

27.Apparatus as claimed in claim 24 wherein said solid mass is mounted for rotation on said annulal
by means of resiliently mounted mechanical bearings and a hydrostatic bearing is provided by mean
pressurized air between the exterior surface of said solid mass and the internal surface of said annu

28. Apparatus as claimed in claim 27 wherein said load comprises a plurality of flashlamps electrical
connected in parallel with each other and said means for establishing an electrical current flow throu
load comprises a source of voltage high enough to initiate a discharge in said flashlamps.

29. Apparatus as claimed in claim 28 wherein said means for establishing an electrical current flow tl
said load comprises means for sensing the pressure of said hydrostatic bearing, and means for sens
relative rotational positions of said solid mass and said annular mass.

30. Apparatus as claimed in claim 29 wherein said means for electrically connecting an impedance i
parallel with said load includes means for sensing the voltage across said load.

31.The method of converting a substantial portion of the inertial mechanical energy stored in a mas:
rotating about a given axis and having a surface defining a right circular cylinder into a single pulse
electrical energy in a given load comprising the steps of:

(a) providing an electrical conductor means adapted to produce a plurality of localized magnetic fielc
right circular cylindrical array about said surface of said rotating mass and having centers spaced a
distance from each other in said array upon flow of electrical current therethrough;

(b) providing a right circular cylindrical array of a plurality of localized magnetic flux compression me
about said surface of said rotating mass having centers spaced said given distance from each other
array;

(c) mounting one of said electrical conductor means and said array of a plurality of localized magnet
compression means on said mass for rotation therewith and mounting the other against rotation with
mass;

(d) electrically connecting said given load across said electrical conductor means;

(e) initially rotating said mass without electrical current flow through said electrical conductor means;

(f) sensing the position of said array of localized flux compression means relative to said plurality of
localized magnetic fieldgnd
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(g) establishing an electrical current flow in a given direction through said electrical conductor mean:
said given load when each of said localized magnetic flux compression means is in position to begin
compressing the flux of a different one of said plurality of magnetic fields produced by said electrical
current flow through said electrical conductor means.

32.The method of converting inertial mechanical energy into a direct current pulse of electrical energ
given load comprising the steps of:

(a) rotating a mass about a given axis to provide a source of inertial mechanical energy;

(b) providing an elongated electrical conductor means at a surface of said rotating mass adapted to
a localized magnetic field upon passage of electrical current from one end thereof to the other end t

(c) providing a localized magnetic flux compression means at said surface of said rotating mass;

(d) rotating one of said elongated electrical conductor means and said localized magnetic flux compt
means with said surface of said mass to periodically compress the flux of a magnetic field produced
electrical current flow through said electrical conductor means;

(e) establishing an electrical voltage difference between opposite ends of said electrical conductor i
and

(f) establishing an electrical current flow through said load and said electrical conductor means by m
the impedance of said load to said electrical conductor means when said flux compression means is
position relative to said electrical conductor means to begin compressing the flux of the magnetic fiel
produced by said electrical current flow.

33.The method of converting inertial mechanical energy into a pulse of direct current electrical energ
given load comprising the steps of:

(a) rotating a mass having a right circular cylindrical surface about a given axis;

(b) providing a first elongated electrical conductor means rigidly fixed to said surfce of said mass anc
electrically insulated therefrom to produce a first plurality of localized magnetic fields spaced a giver
angular distance from each other in right circular cylindrical array about said surface of said mass ug
of electrical current therethrough;

(c) providing a second elongated electrical conductor mounted in close spaced relation to said surfa
said rotating mass against rotation therewith and insulated therefrom to produce a second plurality c
localized magnetic fields upon electrical current flow therethrough spaced said given angular distanc
each other in right circular cylindrical array about said surface of said mass;

(d) electrically connecting said given load across at least one of said first and second electrical conc

(e) sensing the relative position of said first plurality of localized magnetic fields with respect to said .
plurality of localized magnetic fieldsnd
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(f) establishing an electrical current through said first and said second elongated electrical conductol
said load when said first and second electrical conductors are in position so that the localized magn«
fields produced by said electrical current flow therethrough will be mutually compressed.

34. Apparatus for converting a substantial portion of the inertial mechanical energy stored in a mass
about a given axis and having a surface defining a right circular cylinder into a single pulse of electr
energy in a given load comprising;

(a) an electrical conductor means adapted to produce a plurality of localized magnetic fields in right
array about said surface of said rotating mass and having centers spaced a given distance from eac
said array upon flow of electrical current therethrough;

(b) a right circular cylindrical array of a plurality of localized magnetic flux compression means about
surface of said rotating mass having centers spaced by substantially said given distance from each «
said arraypne of said electrical conductor means and said array of a plurality of localized magnetic f
compression means being mounted on said mass for rotation therewith and the other being mountec
oppose rotation with said mass;

(c) means for electrically connecting said given load across said electrical conductorandans;

(d) means for establishing an electrical current flow in a given direction through said electrical condu
means and said given load when each of said localized magnetic flux compression means is in posit
begin compressing the flux of a different one of said plurality of magnetic fields produced by said ele
current flow.

35. Apparatus for converting inertial mechanical energy into a pulse of direct current electrical energ
given load comprising:

(a) a mass having a right circular cylindrical surface mounted for rotation about its cylindrical axis;

(b) a first elongated electrical conductor rigidly fixed to said surface of said mass and electrically insi
therefrom to produce a first plurality of localized magnetic fields spaced a given angular distance fro
other in right circular cylindrical array about said surface of said mass upon flow of electrical current
therethrough;

(c) a second elongated electrical conductor mounted in close spaced relation to said surface of said
mass against rotation therewith and insulated therefrom to produce a second plurality of localized m
fields upon electrical current flow therethrough spaced substantially said given angular distance from
other in right circular cylindrical array about said surface of said mass;

(d) means for electrically connecting said given load across at least one of said first and second elec
conductors,

(e) means for establishing an electrical current flow through said load and said first and second elon

conductors when said first and second electrical conductors are in position so that the localized mac
fields produced by said electrical current flow therethrough will be mutually compressed.
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36. Apparatus for converting inertial mechanical energy into a pulse of direct current electrical energ
given load comprising:

(a) a first mass having maximum exterior surface portions defining a right circular cylinder of given
diameter and given length mounted for rotation about its cylindrical axis;

(b) an annular mass having an internal surface defining a right circular cylinder of slightly larger diar
than said given diameter of said right circular cylinder defined by said first mass mounted coaxially w
said first mass and overlapping the length thereof;

(c) electrical conductor means adapted to produce a plurality of equally spaced localized magnetic fi
about said right circular cylinder of said first mass by electrical current flow therethrough said electric
conductor means being mounted on one of said maximum exterior surface portions of said first mas:
said interior surface of said annular mass;

(d) a plurality of equally spaced localized flux compression means mounted about the other of said
maximum exterior surface portions of said first mass and said interior surface of said annular mass;

(e) means electrically connecting said load across said electrical conductor amegns;

() means for establishing an electrical current flow through said load and said electrical conductor
when said first mass is in a given rotational position with respect to said annular mass,

37.Apparatus as claimed in claim 36 wherein said first mass and said annular mass are each made
magnetic materiakaid electrical conductor means comprises a plurality of elongated rectilinear stranc
electrically connected in series in sinuous fashion rigidly mounted to one of said maximum external ¢
portions of said first mass and said internal surface of said annular mass with each said strand extel
parallel to said cylindrical axis of said first mass and providing one of said plurality of localized magr
fields upon electrical current flow therethrougimd said plurality of localized flux compression means
comprises a plurality of elongated rectilinear electrically conductive strands electrically connected in
in sinuous fashion rigidly mounted to the other of said maximum external surface portions of said firs
and said internal surface of said annular mass with each strand extending parallel to said cylindrical
said first mass and providing one of said plurality of localized flux compression means upon electrice
current flow therethrough.

38. Apparatus as claimed in claim 36 wherein said annular mass is mounted for rotation about the cy
axis of the internal surface thereof.

39. Apparatus as claimed in claim 37 wherein each of said plurality of strands of said electrical cond:
means comprises a plurality of elongated rectilinear conductive elements in close spaced substantia
array having substantial width in relation to the thickness thereof and each of said electrically condu
strands providing said plurality of localized flux compression means has substantial width in relation
thickness thereof.

40. Apparatus as claimed in claim 39 wherein said elongated rectilinear conductive elements of each
strands of said electrical conductor means are electrically insulated from each other along the lengtr
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41.Apparatus as claimed in claim 36 wherein said load comprises a plurality of flashlamps electrical
connected in parallel with each other and said means for establishing an electrical current flow throu
load comprises a source of voltage high enough to initiate a discharge in said flashlamps.

Description

TECHNICAL FIELD

This invention relates to the generation of high energy direct current electrical pulses and more parti
to the improved high performance conversion of inertially stored mechanical energy into a high ener
direct electrical current pulse of short time duration.

BACKGROUND ART

There are many applications for high energy direct current electrical pulses of short time deoation.
example, a xenon flashlamp of the type used to pump a solid state laser may require a pulse of dire
current electrical energy having a pulse width of about 500 microseconds with a total energy in exce
20,000 joulesThe ideal pulse would be an exponentially rising pulse followed by a fast decay with a
power approaching 100 megawatts at starting voltages in excess of 30,000 volts and peak currents
approaching 5,000 amperd@here are applications in which a number of xenon flashlamps are operat:
simultaneously in parallel with each other thus creating a demand for a source capable of providing
than a million joules of energy in a 500 microsecond pulse at the voltage required and with sufficien
peak current to operate all of the flashlamps.

The most widely used method and means for generating a high energy electrical pulse of direct curr
includes the steps of accumulating and storing electrical energy in a capacitor bank over a period of
and then discharging all of the accumulated energy in a single pulse of short time dugiidrgh
voltage pulses at very high currents may be obtained in thishteayever, the size and cost of the
capacitor banks, used to accumulate the energy, increase in direct proportion to an increase in the ¢
the desired pulsé.or example, a capacitor bank capable of storing more than a million joules of elect
energy to be discharged in a single high voltage, high current pulse would require more than 4,000
feet of space per million joules stored at a cost of more than $200,000 per million joules stored.

Direct current electrical energy may also be stored chemically as in a bank of badfieneser, batteries
tend to be more massive than capacitors and would be at least as expensive and require at least as
spaceFurthermore, the inherent internal resistance of battery cells impose limitations on their discha
capabilities, making it impractical to obtain an electrical pulse of short time duration therefrom at the
voltage and high current required to provide a million joules and more of electrical energy.

In the prior art, attempts have been made to generate high energy direct current electrical pulses of
time duration by instantaneous relative movement of a magnetic field with respect to the coRductor.
example, high direct electrical currents have been established in the primary winding of a transforme
then interrupted to collapse the magnetic field and induce a high energy pulse in the secondary winc
the transformerndowever, this requires the opening of a switch under high current conditions resulting
arc over at the switch, preventing the generation of a substantially exponentially rising pulse in the
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secondary windingThus, the pulse width and pulse shape obtainable with such inductive devices hav
been suitable for use in pulsed power applications without the use of expendable switching devices
are complicated and expensive and render this application impractical.

Attempts have also been made to generate suitable high energy pulses using a homopolar generatc
consisting of a conductive disc mounted for rotation about its center on a conductive shaft in a pulse
magnetic field having field lines extending at right angles to the major surfaces of tHeleltacal energy
is extracted between the periphery of the disc and the shaft by means of [8lshgrilses of direct
currents in excess of several hundred thousand amperes can be obtawexkr, the voltage which it is
practical to generate in a homopolar device is very low, being of the order of 100 volts, and it is not
possible to obtain pulses shorter than 200 milliseconds due to the inductance of the fieldhgsjlsome
sort of energy storing system such as a capacitor bank must be used with a homopolar device to ra
voltage high enough for use in pulsing flashlamps and to enable the generation of a fast rising pulse

SUMMARY OF THE INVENTION
The present invention is directed to overcoming one or more of the problems as set forth above.

According to the present invention, a mass is rotated about a given axis and at least an increment o
inertial mechanical energy of the rotating mass is converted into a pulse of electrical energy in a giv
This is accomplished by providing an electrical conductor means adapted to produce a localized ma
field at the surface of the rotating mass and providing a localized magnetic flux compression means
surface of the mass for periodically compressing the flux of the localized magnetic field in response
rotation of the masg§.he given load is connected across the electrical conductor means during the
compression of the flux of the localized magnetic field.

BRIEF DESCRIPTION OF THE DRAWING

This invention will be more fully understood from a reading of the following detailed description in
conjunction with the drawing wherein:

FIG. 1 is a schematic representation of a simplified device illustrating a basic principle of this inventi
FIGS. 2a-2c are in part a schematic and in part a simplified fragmentary cross-sectional view of the
electromagnetically active portion of a device according to this invention in sequential positions in
operation with current flow and magnetic flux indicated thereon.

FIGS. 3a-3c are schematic cross-sectional representations of the conductors of a preferred embodit
this invention in a series of sequential relative positions in operation with current flow and magnetic
indicated thereon.

FIG. 4 is a simplified perpective view of the preferred embodiment of FIG. 3, showing the electronic
circuitry associated therewith schematically.

FIG. 5 is an enlarged fragmentary cross-sectional view showing preferred structural details of the el
conductors of the embodiment of FIGS. 3 and 4.
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FIG. 6 is a further enlargement of a fragment of FIG. 5.

FIG. 7 is a pulse diagram showing the idealized electrical current output of the embodiments of this
invention shown in the drawing.

FIG. 8 is a schematic diagram of an alternate embodiment of the electrical circuitry according to this
invention which may be used for driving flashlamps, for example.

FIG. 9 is an end view in elevation of a structure according to the embodiment of this invention show
FIGS. 3 and 4, taken along line 9-9 of FIG. 10.

FIG. 10 is a side view of the structure shown in FIG. 9 partially in cross-section.

FIG. 11 is a diagram showing the preferred embodiment of this invention according to FIGS. 3 throu
partially in block form and partially in schematic form.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a schematic representation of a basic principle of this invention is Alkownding to
this representation, an inductive coil 10 is electrically connected in parallel with the load 12 through ¢
14. A source of starting voltage and current represented by battery 16 is selectively connected acros
diode 14 by means of a switch T8osure of the switch 18 will cause current to flow through the load 1
and inductive coil 10, establishing a magnetic field in the inductive coil 10.

A movable core 20 of magnetic material is normally received within the coil 10 as indicated by the pl
lines.Upon closure of the switch 18, the core 20 is withdrawn from the coil 10, as indicated by the ar
22.When the core 20 is received within the coil 10, as indicated by the phantom lines, it is permeate
magnetic flux resulting from the passage of current through the cdlddchanical energy will be required
to move the core 20 in the direction indicated by the arrow 22 to the position shown in solid lines ag:
the force exerted on the core 20 by the magnetic field of the coil 10 due to the rate of change of the
lines in the core 20 as it movess a result, mechanical energy exerted on the core 20 will be converte
electrical energy in the colil 10, reinforcing the energy of the battery 16.

Thus, a pulse of electrical current will be produced in the coil 10 as the core moves from the positior
in dotted lines to the position shown in solid lines in FIGSUch current will flow through the diode 14

and load 12The battery 16 would provide an alternate current path but for its high internal resiStacite
alternate current path may be eliminated by opening the switch 18, preferably at the beginning of the
to avoid the possibility of arc over at the switch 18 due to the high current developed during the puls

If sufficient mechanical energy is exerted on the core 20 to cause it to move at very high velocity in 1
direction indicated by the arrow 22, a pulse of direct current rising rapidly to a substantial value will t
produced through the coil 10 and load TRBe rapid rise in the current results from the fact that the
withdrawal of the core 20 from the coil 10 will not only compress the flux of the magnetic field of the
10 but will also reduce the inductance of the coil 10.

If all of the mechanical energy acting on the core 20 is converted into electrical energy at the peak o
current pulse, the core 20 will tend to be drawn back into the coil 10, resulting in a decrease in the ¢
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pulse as the core 20 reenters the coilTh& inertia of the core 20 would tend to produce a negative pul
the core 20 moves in the direction opposite that indicated by the arrow 22 within the EtmivE¥er, the
diode 14 will prevent any negative current flow through the load and coil and the open switch 18 will
prevent any current flow through the battery Tus, although the residual magnetism of the core 20 ai
its inertial motion in a direction opposite to the arrow 22 may generate a voltage across the diode 1«
energy exchange can take place.

The device shown schematically in FIG. 1 would be complicated and inconvenient to construct with
sufficient power output to be of interebtowever, if mechanically configured as shown in FIGS. 2a-2c,
substantial power output can conveniently be obtained.

In FIGS. 2a-2c, the electronic circuitry would be functionally the same as that shown in FIG. 1, and f
same reference numerals have been used for equivalent elddmmser, in FIGS. 2a-2c, the inductive
coil 10 comprises a plurality of elongated parallel strands extending perpendicularly to the plane of t
paper as indicated in cross-section by the circles 10a-10d of FI&s 2®scribed herein, electrical currer
flow is considered as moving from positive to negative and strands 10a-10d of the coil are electrical
connected in sinuous fashion so that electrical current flow into the plane of the paper in conductor
indicated by the cross within the circle 10d) will result in electrical current flow out of the plane of the
in conductor 10c (as indicated by the dot) into the plane of the paper in conductor 10b, (as indicated
cross) and out of the paper in conductor 10a (as indicated by th&hmtear end of strand 10a is
connected to one side of the load 12 through the diode 14 and the far end of strand 10d is connecte
other side of the load 1Zhe battery 16 is connected across the diode 14 with its negative terminal
connected to strand 10a and its positive terminal connected to the load 12 through the switch 18.

A first pole piece 11 made of magnetic material and having a plurality of elongated grooves therein
extending perpendicularly to the plane of the paper is provided, with each of the strands 10a-10d be
received within a different one of the groovAssecond pole piece 30 is provided which is identical to ti
first pole piece 11 and arranged in close spaced relation thereto with the grooves in oppasitiahng to
this embodiment of the invention, a pulse of electrical energy is obtained through relative movement
between the pole piece 11 and the pole piece 30, as indicated by the arfow &se of understanding,
the pole piece 11 may be considered to be stationary with the pole piece 30 being moved in the dire
indicated by the arrow 22.

Closure of the switch 18 will result in current flow through the strands 10a-10d, as indicated in FIG. :
When the grooves in the pole piece 30 are in alignment with the grooves in the pole piece 11 as shc
FIG. 2a, the electrical current flow through the conductors 10a-10d will result in the establishment of
magnetic field between such pole pieces as indicated by the arrows 32.

Upon movement of the pole piece 30 with respect to the pole piece 11 toward the position shown in
wherein each groove of the pole piece 30 is located intermediate the pair of grooves of the pole piec
magnetic flux of the field will tend to be compressed within the pole piece 30 as indicated by the arrc
in FIG. 2b.In effect, some magnetic material of at least the pole 30 has been removed from the mag
field in a manner corresponding to removal of the core 20 from the coil 10 in the device of FIG. 1.

Thus, as the pole piece 30 moves from its position with respect to the pole piece 11 shown in FIG. 2

shown in FIG. 2b, a pulse of electrical current will be passed through diode 14 and the load 12 reinfc
the current flow produced by the battery The switch 18 may be opened at the beginning of such puls
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which pulse will tend to rise to a maximum value corresponding to the maximum flux compression al
decrease to zero as the flux compression decreases.

As the pole piece 30 moves with respect to the pole piece 11, from the position shown in FIG. 2b, to
position shown in FIG. 2c, the flux lines of the magnetic field will tend to return to their expanded ste
corresponding to that shown in FIG. 2owever, the current flow through the strands 10a-10d will
approach zero as the pole pieces 11 and 30 approach their relative positions as shown in FIG. 2c.

If the impedance of the load 12 combined with the impedance of the diode 14 were exactly matched
effective impedance of the coil 10 comprising strands 10a-10d and the pole pieces 11 and 30, itis n
possible to convert all of the mechanical energy of the system into electrical energy in the pulse exc:
inherent losses, thus almost stopping the movement of the pole piece 30 with respect to the pole pie
However, the relative motion of the pole piece 30 with respect to the pole piece 11 in the direction in
by the arrow 22 will tend to continue at greatly reduced velo&#ysuch motion continues, a reverse
voltage is produced across the diodeltidorder to avoid any possibility of reverse current flow through
load 12 and prepare the device for repeated utilization, a series array of switch 24 and dumping imp
26 is provided in parallel with the load 12 and diode 14 according to the embodiment of this inventio
shown in FIGS. 2a-2c.

In FIGS. 2a-2c, the pole pieces 11 and 30 are shown as rectilinear structural members in cross-sect
However, in a practical embodiment of this invention, the pole piece 11 would be an annular right cil
cylinder with the grooves formed in its inner surface and the conductors 10a-10d arranged in cylindr
array in such groove3he pole piece 30 whould be a solid right circular cylinder having the grooves
formed in its exterior surface and an exterior diameter slightly smaller than the interior diameter of tt
piece 11 The pole piece 30 would be mounted coaxially within the pole piece 11 for rotation with resg
the pole piece 11 (in a clockwise direction, for example, as indicated by the arrow 22) about their co
axis which would be perpendicular to the plane of the paper below the bottom thereof.

The mass of the pole piece 30 will, of course, enable the storage of inertial mechanical energy there
it is rotated about its axis and since a large amount of stored mechanical energy is desired, the pole
should have a large mass and/or a high velogityylindrical pole piece of large mass would tend to hav
large diameter and thus the fragmentary cross-section of pole pieces 11 and 30 in FIGS. 2a-2c may
considered to have a slight curvature of relatively large radius which is not detectable in the small fr:
illustrated.

In operation, both switches 18 and 24 would be initially open and the pole piece 30 would be driven
cause it to rotate at a given velocitihe position of pole piece 30 with respect to pole piece 11 would k
sensed and just before the relative position shown in FIG. 2a is reached, the switch 18 would be clo:
establish a voltage across the strands 10a-10d of th&uol. voltage would produce a current flow
through the load 12 and the strands 10a-10d and a resulting magnetic field as indicated in FIG. 2a.

As pole piece 30 continues to rotate with respect to pole piece 11 toward their relative positions sho
FIG. 2b, the current flow through the load 12 and strands 10a-10d will increase expondifteaByitch
18 will be opened as soon as such increase in current begins.

If the combined impedance of the load 12 and diode 14 is selected to match the impedance of the ¢
including strands 10a-10d, nearly all of the mechanical energy stored in the rotation of the pole piec
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be converted to electrical energy in an exponentially rising pulse of current through the [6had 12.
rotation of the pole piece 30 with respect to the pole piece 11 will be strongly braked and the curreni
through the load will decrease very rapidly as the pole piece 30 approaches its relative position with
to the pole piece 11 shown in FIG. 2c.

The switch 24 is closed just before the pole piece 30 reaches its relative position with respect to pole
11 shown in FIG. 2c connecting the impedance 26 in parallel with the impedance of the load 12 and
14.Since the phase of the voltage across the strands 10a-10d will lead that of the current through th
strands, a negative pulse of electrical energy will be generated as the pole piece 30 continues to mc
respect to the pole 11 beyond the position shown in FIGf #& impedance 26 is properly selected, a
further braking of the movement of pole piece 30 with respect to pole piece 11 will Tésuttiode 14 will,
of course, prevent such negative pulse from causing a negative current flow through the load 12.

Although it is possible that a second positive pulse could be produced by continued movement of the
piece 30 with respect to pole piece 11 after the negative pulse, the energy of such further positive pi
would be very small and would be divided between the impedance 26 and the load 12 and thus redt
value low enough to be of negligible consequence.

As soon as the rotation of the pole piece 30 has stopped or reached a constant low velocity, the swi
may be opened and the pole piece 30 again driven to increase its velocity of rotegiomaximum
velocity at which the pole piece 30 is rotated is determined by the mass of the pole piece 30 and the
of stored mechanical energy which is requirBlge width of the grooves in the pole pieces 11 and 30 is
determined by the pulse width desired and the maximum velocity of rotation of the pole piece 30.

The embodiment of this invention shown in FIGS. 2a-2c is subject to the disadvantage that the pole
11 and 30 will introduce losses into the syst&uoch losses can be reduced by making the pole pieces :
and 30 of thin shims of magnetic material insulated from each other to avoid eddy currents as is knc
the motor/generator atlowever, such fabrication techniques are expensive and some losses would ¢
present.

The preferred embodiment of this invention in which the use of pole pieces is avoided, is shown
schematically in FIGS. 3a-3c and the simplified perspective of Fl&cehrding to this embodiment of the
invention, an outer cylindrical array 40 of elongated electrical conductors electrically connected in se
with each other in sinuous fashion is electrically connected in series with an inner array 41 of elonge
electrical conductors electrically connected in series with each other in sinuous fash@st shown in
FIG. 4, the cylindrical arrays 40 and 41 are mounted coaxially with the elongated conductors thereof
extending parallel to each other and to the common axis of the cylindrical arrays with the cylindrical
41 aligned within the cylindrical array 48ccording to this embodiment of the invention, the inner
cylindrical array 41 is mounted for rotation in a clockwise direction, for example, with respect to the ¢
cylindrical array 40 which may be considered to be stationary.

One end of the load 12 is connected to one end of a first elongated conductor 41a of the inner cylin
array by means of a rotary brush arrangement 42 mounted for rotation with the inner cylindrical array
The next adjacent elongated electrical conductor 41n of the inner cylindrical array 41 in a counterclo
direction from the elongated conductor 41a is connected through a rotary brush arrangement 44 mo!
rotation with the inner cylindrical array 41 to a first conductor 40a of the outer cylindrical arrélyedO.

other end of the load 12 is connected through the diode 14 to the elongated electrical conductor 40n
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outer cylindrical array 40 which is next adjacent the first elongated conductor 40a in a counterclockw
direction.

According to the embodiment of this invention shown in FIG. 4, a charged capacitor 17 is connected
the diode 14 by means of the switch 18 in order to provide a larger trigger voltage than can be conv
obtained by means of a battery Tée positive plate of the capacitor 17 is connected to the load 12 an
thus upon closure of the switch 18, current will flow through the elongated conductors of the cylindric
arrays 40 and 41 as indicated by the arrows in FIG. 4.

As will be more fully described hereinafter, the elongated electrical conductors of the inner cylindrice
41 are mounted at the exterior surface of a cylindrical rotor of substantial mass which is driven to rof
with respect to the elongated electrical conductors of the outer cylindrical array 40 at an angular velc
sufficient to provide the necessary or desired stored mechanical efleegglongated electrical conductor
of the outer cylindrical array 40 are mounted at the inner surface of an annular stator member to witl
the mechanical forces involved, as will be more fully described hereinafter.

The operation of the embodiment of this invention shown in FIG. 4 will be more fully understood fron
FIGS. 3a-3cAssuming that the inner cylindrical array 41 has been driven to rotate at the desired anc
velocity with respect to the outer cylindrical array 40, the switch 18 is closed just before the elongate
conductors of the inner array 41 have reached their relative positions with respect to the elongated
conductors of the outer array 40, as shown in FIGTBa.discharge of the capacitor 17 through the loac
and through the elongated conductors of the cylindrical arrays 40 and 41 will produce a current flow
indicated in FIG. 4 by the dots and crosses within the circles representing cross-sections of the elon
conductors in FIG. 3da hus, the current flow in the first elongated conductor 40a of the outer array an
first elongated conductor 41a of the inner array will be out of the plane of the paper of FIG. 3a while
current flow through the next elongated conductor 40b in a clockwise direction of the outer array 40 .
current flow through the next elongated conductor 41b in a clockwise direction of the inner array 41\
into the plane of the paper of FIG. 3a, and saSuch current flow will produce magnetic field lines 52
about the elongated conductors which will reinforce each other when such conductors are in their re
positions shown in FIG. 3dt will be understood that the curvature of the cylindrical arrays 40 and 41 |
been omitted in FIGS. 3a-3c for convenience of illustration.

As the elongated electrical conductors of the inner cylindrical array 41 approach their relative positio
respect to the elongated electrical conductors of the outer cylindrical array 40 shown in FIG. 3b, the
the magnetic field produced by current flow therethrough will be compressed as indicated by the arr«
in FIG. 3b.In other words, since the current flow through the elongated electrical conductor 40c, for
example, of the outer cylindrical array is in the opposite direction from the current flow through the
elongated conductor 41b of the inner array, the magnetic fields about such conductors produced by
current flow will tend to oppose each other, resulting in a compression of their respectiye diddition,
as the elongated electrical conductor 41b enters into alignment with elongated electrical conductor 4
respective inductances will tend to compensate for each dtheresult is an exponential increase in the
current flow through both, as described hereinabove.

Referring again to FIG. 4, the switch 18 is preferably opened after the arrays 40 abd 41 have passel
relative positions shown in FIG. 3a and are moving toward their relative positions shown in FAG. 3b.
exponentially rising pulse of electrical current will pass through the diode 14 and load 12, tending to
the rotation of the inner cylindrical array 41 with respect to the outer cylindrical arrAggiming that the
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impedance of the load 12 and diode 14 is properly matched to the impedance of the cylindrical array
and 41, the angular velocity of the inner cylindrical array 41 will be at least greatly reduced.

As the inner cylindrical array 41 continues to move with respect to the outer cylindrical array 40 towe
relative positions thereof shown in FIG. 3c, the current flow through the elongated conductors of suc
arrays will decrease very rapidly, tending to reach zero at their relative positions shown in HiGc&c.
the voltage of the system will lead the current in the system, there will be a negative voltage across
conductors of the arrays 40 and 41 when they are in their relative positions shown in FIG. 3c, resulti
the possibility of a negative pulse of current to the load 12, However, immediately before the arrays
41 reach the relative positions shown in FIG. 3c, the switch 24 is closed to place the impedance 26 i
parallel with the load 12 and diode This will result in the dissipation of additional mechanical energy
stored in the continued rotation of the inner cylindrical array 41 in a negative pulse in the imped#énce
the impedance 26 is properly selected, much of the residual mechanical energy will be dissipated in
negative pulse and any further positive pulse through the diode 14 and load 12 will be of greatly red
magnitude.

According to this invention, the spacing between the centers of all adjacent elongated conductors st
the strands 10a-10d of FIG. 2, and the elongated conductors of the cylindrical arrays 40 and 41, mu
equal to each otheln the embodiment shown in FIGS. 3 and 4, the angular spacing between the cen
adjacent elongated conductors of the cylindrical array 41 must be equal to the angular spacing betw
centers of adjacent elongated conductors of cylindrical arradet@rding to the embodiment of this
invention shown in FIGS. 2a-2c where the pole pieces 11 and 30 are coaxial cylindrical members as
described, the angular spacing between the centers of adjacent strands of the coil 10 must approxin
angular distance traveled by the pole piece 30 at its maximum velocity in the time required for tHa pt
the embodiment of this invention shown in FIGS. 3a-3c, the angular spacing between adjacent cond
of the cylindrical arrays 40 and 41 is set by one-half the time required for the desired pulse of electri
energy at maximum velocity.

It is pointed out that in FIGS. 3a-3c, and 4, the structural details of the preferred embodiment of this
invention are simplified for ease of understandingparticular, the elongated conductors of the cylindric
arrays 40 and 41 are shown as simple wires of circular cross-sddtigs).the radius of the circular cross
section of the conductors limits the minimum spacing possible between the center of a conductor of
outer array 40 and the center of a conductor of the inner array 41 when they are in alignment with e:
other.

In order to approach maximum flux compression, it is necessary for the spacing or air gap between f
pieces 11 and 30 in the embodiment of FIG. 2 to be as small as pdSsiblatly, in the embodiment of
FIGS. 3a-3c and 4, in order to approach maximum flux compression, it is necessary for the spacing
the cross-sectional centers of the elongated conductors of the cylindrical arrays 40 and 41 to be as
possible in a radial direction when in alignment.

Thus, in actually fabricating the preferred embodiment of this invention as shown in FIGS. 3a-3c anc
elongated conductors of the arrays 40 and 41 are preferably strip-like having a substantial width trar
to their axis of elongation with respect to their thickn&eferring to FIGS. 5 and 6, structural details of
appropriate strip-like elongated conductors according to the preferred embodiment of this invention
shown.
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According to the structure shown in FIGS. 5 and 6, an annular member 56 of high strength non-mag
and non-conductive material supports the outer cylindrical array 40 of conductors on its inner cylindr
surface A rotor member 58 comprising a right circular cylinder also made of non-magnetic non-cond
material, supports the inner cylindrical array 41 of elongated conductors on its outer Siréaegternal
diameter of the rotor member 58 closely approaches the internal diameter of the annular member 5€
coaxially mounted therewithin in order to provide a small annular air gap 60 therebefiveeamnular
member 56 and rotor member 58 may be made, for example, of nylon with approximately 35% shor
fiber fill.

As shown in FIGS. 5 and 6, each of the elongated conductors 40a-40n of the outer cylindrical array
mounted on the inner surface of the annular member 56, may be made of a plurality of fine wire stra
arranged in substantially planar arr@e wire strands 62 of each elongated conductor 40a-40n are
insulated from each other along their length but electrically interconnected at theiSiemtigly, each of
the elongated conductors 41a-41n of the inner cylindrical array 41 mounted on the exterior surface ¢
rotor member 58 may be made of a plurality of fine wire strands 62 mounted in substantially planar ¢
and insulated from each other along their length but electrically connected at theiflenohsulation of
the strands 62 of the elongated conductors 40a-40n and 41a-41n will prevent electric current flow tr
to the axis of elongation of such conductors and thereby avoid possible losses or spurious effects.

Referring to FIG. 6, the strands 62 of the elongated conductors 40a-40n must be rigidly fixed to the
member 56 and the strands 62 of the elongated conductors 41a-41n must be rigidly fixed to the rotc
member 58For example, the strands 62 of the elongated conductors 41a-41n may be received in gr
formed in the exterior surface of the rotor member 58 and held in place by a thin wrapping 64 of higl
tensile strength about the exterior surface of the rotor memb&irbBarly, the strands 62 may be receive
in grooves formed in the interior surface of the annular member 56 and anchored in such grooves b
appropriate high tensile strength members 66, together with appropriate bonding material 68.

As shown in FIGS. 5 and 6, the elongated conductors of the cylindrical arrays 40 and 41 made of st
all have a common width and are spaced from each other in their respective arrays by a distance ec
such common widthThe width of the conductors of the cylindrical arrays 40 and 41 and their spacing
each other in their respective arrays may be adjusted to produce the desired pulgesgbaipeed out
hereinabove, the pulse width is determined by the maximum velocity of the rotor member 58 with re:
the annular member 56 and the number of conductors and their center-to-center spacing in the arra
41.1t should be noted that a number of adjacent elongated conductors in each array 40 and 41 coult
electrically interconnected at their ends to provide effective elongated conductors of greater annular
or width if desired to provide a particular pulse width at a particular angular velocity of the rotor men
The current and voltage produced by the device would be a function of the total length of the elonga
conductors of the arrays 40 and #1s noted that such elongated conductors could be wound in a wid
variety of configurations well-known to the motor/generator art to provide a plurality of poles about tl
periphery of the rotor member 58 in accordance with the teaching of this invention.

Referring to FIG. 7, a diagram showing the preferred current pulse to be produced by a device acco
this invention where zenon flashlamps are the load, is sHouwment through the load is plotted on the
ordinant of the diagram and time is plotted on the abscissa of the digdgamown, the application of the
trigger voltage by closure of the trigger switch 18 will produce a current flow through the load and
conductors at time A (FIG. 7) corresponding to the relative position of the elements of the device as
in FIGS. 2a and 3&uch current will increase exponentially, reaching a peak at about time B (FIG. 7)
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the elements of the device reach the relative positions shown in FIGS. 2b dind 8brrent to the load

will then decrease very rapidly and the switch 24 will be closed at a time indicated by the dashed lin
shortly before time C (FIG. 7) when the elements of the device reach their relative positions as show
FIGS. 2c and 3c, thus reducing the current through the load even more rapidly as it approaches zer:

In a typical application where flashlamps are the load, the pulse width from time zero to closure of tl
switch 24 would be about 500 microseconid®e peak current should be about 3000 amperes for each
flashlamp at a voltage of approximately 20,000 volts and the total energy in the pulse should be abc
10,000 joules.

Referring to FIG. 8, an alternate embodiment of the circuit of this invention suitable for use where
flashlamps are the load is showiiwo or more flashlamps 80 may be connected in parallel across the ¢
of a device according to this invention through the secondary winding 82 of a pulse trangfobymsass
switch 83 is connected across the secondary winding 82 and a dumping switch 24 and impedance 2
connected across the output of the device as described hereinBlvosgethe application of an
appropriately timed trigger pulse through the primary winding 84 of the pulse transformer will produc
high voltage pulse in the secondary winding 82 which will trigger the flashlamps 80 and initiate curre
flow through the devicéAs soon as such current flow begins to increase exponentially through the ac
the device, the bypass switch 83 is closed to eliminate the inductance of the primary windimg 8&itch
24 is closed at the end of the pulse as discussed hereinabove, to dissipate the negative pulse and a
energy in the impedance 26is noted that the flashlamps 80 will be extinguished at the end of the pul
and will tend to remain nonconductive since the voltage of the subsequent negative pulse will not be
sufficient to trigger them into a reverse conducting state.

Referring to FIGS. 9, 10 and 11, the best mode contemplated for the practice of this invention i&shc
best shown in FIG. 9, an annular stator member 56 is constructed as described in connection with F
and 6 is mounted by means of frame members 90 at its opposite ends with its axis extending homgzo
cylindrical rotor member 58 constructed and described in connection with FIGS. 5 and 6 is also mou
frame members 90 coaxially within annular member 56 for rotation about its axis with respect to ann
member 56.

As best shown in FIG. 10, a pair of annular plates 91 and 92 are each fixed to a different end of the
member 56 by means of a plurality of elongated bolts 94 which pass through the annular member 5
centrally of the wall thereof and parallel to its adiBe bolts 94 are arranged in circular array as indicate
by the line 96 in FIG. 9 and are spaced from the ends of the annular member 56 by means of sg&ee
outer periphery of the annular plate 92 rides on three insulated rollers 99 at points spaced 12@ahegre
each other as best shown in FIGTBe rollers 99 are mounted for rotation about their respective axes (
support frame 9Gimilarly, the outer periphery of the annular plate 91 rides on three rollers 100 spact
120.degreeapart about the periphery of the plate 91 and mounted for rotation about their respective
the other support frame member J0us, the annular stator member 56 can rotate about its axis with
respect to the frame members 90 for reasons which will be discussed more fully hereinafter.

The rotor member 58 has a pair of plate members 101 and 102 rigidly fixed to its opposite ends by t
a plurality of elongted bolts 104 passing therethrough in spaced relation to the outer peripheryAhere
best shown in FIG. 9, the bolts 104 are arranged in circular array as indicated by the line 106 and ex
parallel to the axis of the rotor member $8e plates 101 and 102 are each provided with a short shaft
which projects axially from the rotor member 38e shaft 107 is journaled in a roller bearing carried in
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central opening of the annular plate 91 and the shaft 108 is journaled in a roller bearing 112 carried
central opening of the annular plate $8us the rotor member 58 is adapted to rotate about its axis wit
respect to the stator member 56.

The bolts 104 are electrically insulated from the plates 101 and 102 and the shafts 107 and 10&thel
rotary brush arrangement 114 provides means for electrically connecting the shaft 107 to@neunidthe
elongated conductors of the array 41 on the outer periphery of the rotary member 58 is electrically
connected to the plate 101 and thus through the shaft 107 and rotary brush 114 toAgrol@sdribed
hereinabove, the elongated conductors 41a-41n on the outer periphery of the rotor member 58 are ¢
in series in sinuous fashion and the elongated conductor 41n is electrically connected to the plate 1(
thus to the shaft 10& rotary brush 116 is provided for electrically connecting the shaft 108 to the anr
plate 92.

The bolts 94 are electrically insulated from the plates 91 and 92 and one of the elongated electrical
conductors of the array 40 at the inner periphery of the annular stator member 56 is electrically conr
the plate 92As described hereinabove, the elongated conductors 40a-40n at the inner periphery of t
annular stator member 56 are connected in series in sinuous fashion and the elongated conductor 4
electrically connected to a brush arrangement 122 insulatingly mounted on the plate meileg91.
voltage output terminal 120, insulatingly mounted on the frame member 90 is electrically connected
arrangement 12Z’hus, an electrical path is provided from ground through the brush arrangement 114
series arrangement of elongated conductors on the rotor 58 and from thence through the brush arra
116 to the series connected conductors of the stator 56 with the output of the device being taken thr
brush arrangement 122 and high voltage terminal 120.

In operation, the rotor member 58 would be driven to cause it to rotate at high velocity with respect 1
stator member 56 by means of a motor 124 (FIG. 9) for example, which may be connected to the sf
by means of a belt 126 to provide a clutch actimexplained hereinabove, when the device is actuates
produce a pulse of energy, the flux compression between the rotor 58 and stator 56 will result in a le
mechanical reaction force as the rotor is bralse of such reaction force will be taken up by the rota
of the stator 56 on the rollers 99 and 100 which may be friction loaded to prevent rotation of stator 5
low force conditionsThus, the strain on the frame members 90 which are rigidly fixed to the supportir
surface 130 by means of bolts 132, for example, will be redttmgever, stress calculations indicate the
would not be possible for the bearings 111 and 112 to withstand the radial forces produced by even
asymmetry of the magnetic field at the moment of highest field strefgtis, even though the device is
designed to provide symmetry of the magnetic field in operation, the use of a hydrostatic bearing is
contemplatedFor this reason, the bearings 111 and 112 are shock moAntedipressed air tank 134 is
provided which is charged by a small compressor (not shavae)shaft 107 is hollow and communicates
with a plurality of bores (not shown) in the rotor 58 for conducting air to the annular space 60 betwe:
rotor 58 and the stator 58.fast acting pneumatic valve 136 connects the compressed air tank 134 to
hollow shaft 107 prior to actuation of the device to provide positive air pressure in the space betwee
rotor 58 and stator 56 during operation of the de\Bceh positive air pressure provides a hydrostatic
bearing which will insure that the rotor 58 will remain centered within the stator 56.

Referring to FIG. 11, an electronic control system suitable for use according to this invention is shov
partially in block form and partially in schematic forirhus the stator 56 and rotor 58 together with the
rotary brush arrangements 114, 116 and 122 of the device of FIGS. 9 and 10 are indicated schemat
the left-hand side of FIG. 1The load 140 which may be a parallel arrangement of a plurality of flashl
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is connected through a diode 142 to the grounded brush 114 and through a current limiting resistor :
the output brush 12Zhe current limiting resistor 144 is provided to prevent the imposition of excessiv
mechanical force on the stator 56 by the rotor 58 in the event of a direct short circuit thereacross dut
pulse.A source of trigger voltage which may be an appropriate capacitor bank 146 is connected acrc
diode 142 through a spark gap or ignitron IB& trigger voltage may be accumulated from a relatively
small power supply 150 connected across the capacitor bank 146, for example, through an appropri:
charging resistor 152.

A spark gap or ignitron 154 is connected in parallel with the load 140 and diode 142 through a dumg
impedance 156The spark gap 154 and spark gap 148 function as normally open switches which are
under the control of conventional electronic circuitry indicated by the block 160 at the right-hand sid¢
FIG. 11 to actuate the device.

In operation, the rotor member 58 is driven to cause it to rotate at the desired VAlbeitysuch desired
velocity of rotation is reached, the air valve 136 is opened to establish a hydrostatic bearing betweer
rotor 58 and the stator 56 as described hereinalitneselectronic circuitry 160 includes a sensor 162
which confirms that the desired hydrostatic bearing pressure has been established and conditions tt
electronic circuitry for the generation of a pulse.

Electronic circuitry 160 also includes a sensor 164 adapted to detect the proper relative position of tl
58 with respect to the stator 56 for the initiation of the pulse and activate the electronic circuitry 160.
Finally, the electronic circuitry includes a temperature sensor 166 adapted to prevent the initiation of
if the temperature of the rotor and stator exceeds a predetermined level and thus delay the initiation
pulse until the rotor and stator have cooled to a safe operating temperature.

Electronic circuitry 160 is electrically connected to trigger the spark gap 148 when proper pressure, |
and temperature are detected by the sensors 162, 164 and 166, respé&bivelggering of the spark gap
148 will discharge the capacitor bank 146 through the load 140, stator 56 and rdwres8.the load 140
comprises a parallel array of flashlamps, for example, the discharge of the capacitor bank 146 will tr
such flashlamps rendering them highly conductiMee high current pulse due to flux compression betwe
the rotor 58 and stator 56 will pass through the diode 142 and the flashlamps of the load 140, resulti
desired intense pulse of light.

Electronic circuitry 160 includes an electrical connection for detecting the voltage across the rotor ar
to ground.Electronic circuitry 160 is also electrically connected to trigger the discharge of the spark ¢
154.Thus, when the voltage across the rotor 58 and stator 56 reverses at the end of the desired pul:
electronic circuitry 160 will fire the spark gap 154, causing any negative pulse to be dissipated in the
impedance 156 in accordance with the teaching of this invention.

In the embodiment of this invention shown in FIGS. 9 through 11, the rotor 58 has a length of 2 mett
diameter of 1 meter and a mass of about 2200 kilogiafhen rotated at 2400 revolutions per minute, th
mechanical energy stored in the rotor is in excess of 8 megajdhles.the conversion of 1 megajoule of
such stored mechanical energy into a 1 megajoule 500 microsecond pulse of electrical energy can k
accomplished without the generation of destructive mechanical fdreesievice will not occupy more the
about 650 cubic feet of space and it has been calculated that the device can be produced in quantity
cost of $40,000.00, or less.
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It is expected that those skilled in the art will be able to make obvious modifications in the specific

embodiments of this invention without departing from the teaching of the foregoing specification or tl
scope of the following claim#s pointed out herein, various types of mechanical and electronic switcl
devices can be used since they are actuated under low current conditions according to the teaching
invention.As used in the foregoing specification and the following claims, the term "flux compression
means the concentration of the flux of a given magnetic field in space and time and a flux compress
means may comprise any means which concentrates the flux of a magnetic field in time and space.
Specifically, flux compression is not to be interpreted as merely the inductive effect according to Ler
Law but as the additional effect resulting from the concentration of flux as discussed hereinabove.
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