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Radie.Corporation, a corporation of Delaware

Application Noveniber 15, 1954, Serial' No. 468,696
14 Claims. (CIL 89—1)

This. invention - relates to means for producing higher
accelerations- and. higher ultimate velocities than' can be
achieved. by conventional methods: Specifically, it re-
lates-to means for giving to projectiles, not self-propelled;
higher velocities than- are attainable by the direct use
of explosive charges.

The advent of aircraft capable of flying at supersonic
speeds ‘and. of flying at' extremely high altitudes - has
brought forth the need for new weapons and particulariy
for ground weapons capable of combatting them. The
present-day types of artillery are ineffective against suc
craft which can fly at or above the extreme range of the
artillery where air resistance and the decelerating. effect
of gravity have reduced the velocity of the projectile, if
not to the vanishing- point, at least to the point where
evasive action is possible. To be effective, the velocity
of the projectile sheuld be of an order of magnitude
greater than that of its target.

The maximum velocity which can be imparted to a
projectile fired by explosive charges cannot exceed the
maximum velocity of a shock wave in the propelling gas.
This theoretical limit-is in the neighborhood -of 6000
feet per second; thus far the maximum velocities: attain-
able in practice have been in the neighborhood of 4000

feet per second-in spite of the utmost efforts to raise this’

value. What is actually needed is not a mere addition
to the velocities- now attainable but an.actual multiplica-
tion thereof.. Multiplication by a-factor of 2 would be

of enormous’ advantage; multiplication by a factor of 10"

would be of inestimable value, particularly when'coupled
wtih the automatic gun laying-and position predicting de-
vices which have' been- developed during: the period -be-
ginning with World War. IL

The primary object of the present invention is to pro-
vide a means for imparting accelerations to and hence
developing velocities of projectiles exceeding those ‘that
can be produced by explosive charges. Other objects of
the invention are to provide means for producing such
acceleations which: are- physically realizable in-apparatus
of reasonable size and- mobility; to provide a means. for
effectively’ amplifying . the acceleration: and: hence the
velecity produced as.a. result-of an explosive:charge: by
a definite and predeterminable factor; to provide a de-
vice of the character described which has a relatively high
efficiency, and will therefore not-destroy itself through
losses associated with the very high. energy’ which' must
be imparted to give accelerations of the magnitude here-
in contemplated; and to ‘provide ‘a device' of the char-

acter described which is capable of being built in a wide-

variety of sizes in order-to meet the requitements of dif-
ferent offensive or defensive conditions.

An acceleration amplifier constructed in- accordance
with the present invention includes a first multiplicity of
coils successively spaced one after another to- define a
bore of predetermined. length; these coils-form a linear
induction: motor stator through. which an atmatiire such
as a projectile is-movable.. ‘A’ geherator stator includes
a second multiplicity of coils similarly positioned to define
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a second bore of substantially less:length. Means are’ pro:
vided for developing a magnetic field traveling the length
of the genetator bore in' a predetermined timg interval;
'The generator and motor stators are intercoupled so-that
a- magnetic field -travels the length' of the motfor stator
in- substantial time-correspondence with- the generator
traveling fisld. THe motor armature’ is pulled through
the motor stator coils by induction’ from' thé magretic
field traversing the motor stator. Préferably, the gener-
ator traveling field is developed by propelling a projectile-
like armature through the generator stator; this armatire
emanates a magnetic- field linking the generator coils
whereby the generator traveling field is developed. Singe
the moter stator is substantially. longer than thé genera-
tor stator while at the' same time the miotor field ust
traverse its stator in substantially the same time inteival
as' for generator field traversal, a substantial acécelerss
tion gain is realized, its magnitude depending prificipally
upon the difference in physical lengths involved.- It'is
usually preferable ‘that the coils be equally §pdced along
the stators although in certain: instatices it may’ be' de-
sirable to vary this relationship in order to provide' uni-
form acceleration of ‘the projectile which forms the motor
armature.” While the generator armatiiré may bé driven
in a variety of ways, it is preferred to utilizé an ‘explosive
charge in a ranner similar to that employed in conver-
tional artillery.

The motor armature or projectile can be a simple con-
ductive shell, which can contain the same type of ‘ex-
plosive charge, fise mechanism, of ‘the like] as the pro-
jectile fired fromy a conventional gun. It is possible to
provide means for setting up in the motoér armatuie mag-
netic fields fixed with relation ‘to the armatufe structure,
in which case the motor becomes, in effect, of the syn-
The preferred type of armature, comi-
prising the simple conductive shell, converts the davice
into an induction motor, wherein the propulsive force is
derived from ‘the interaction of the stator fields wifh' the
fields' produced by currents induced in' the: shell -as the
result of slip.’ The generator armiature can’ also take
various forms. = Like the motot armature, it may be pro-
vided with ‘means for establishiiig 'maghetic félds which
are substantially constant it value and in position’ with
respect to theé armature itsélf, or it also may bé a -con-
ductive shell' and the fislds thefein” mady 'be - initially
established by circulating currents, which; interacting with
the- stator coils, induce currents in the latter in accord-
ance with the same genéeral principles as in the motor
but with the slip in this case fiegative' so that the device
acts as an induction generator.

It will be apparent that both of the armafiires must be
of sufficient length to span several coils of their respec-
tive stators, the coils spanned 'being relatively few in
comparison to’the total number 6f ¢oils disposed ‘on both
structures:  Either of both of the stators may include
ferro-magnetic cores. Under certain conditions the use
of such' cores will increase energy transfer from gener-
ator to'motor. Where the highest possible velocities and
accelerations” are desired, however, best results are ob-
tained where no ferro-magretic matérial is untilized in
the core. ‘

The broad concept of electro-magnetic guns'is riot new.
Many such guns have béén proposed and a few have béen
actually constructed and tested ir the past, including one
which' is reported to have been built and tested by the
Germans during: World War II' and oné tested by the
Japanese during the samé period. Siich prior proposels
have failed for many reasons. The rate at which energy
must be liberated during the brief interval of acceleration
of a projectile is enormous, even with a small gun and
small projectile.  Past proposals have in general ntilized’”
conventional energy sources. In order to enable these
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. sources to deliver the power required, various expedients
have been used, such as motor generators provided with
large fly-wheels in which energy could be stored in kinetic
form to be withdrawn at the instant of firing, condensers
- which could be charged and discharged successively to
provide the magnetic fields for accelerating the projectile,
or. batteries of various types, the latter having been re-
ported to have been used in the German gun above men-
tioned. When expedients of the types mentioned are em-
ployed, the size and weight of the generating equipment
has been so large as to make it unwieldy and impractical.
A second difficulty lies in the very large inductance of the
coils and their leads, together with the necessity of using
very steep wave-fronts in order to move the field through
the stator at the necessary rate; this inductance has been
a factor which has limited the terminal velocities to an
impractical degree. : .
Still another factor of major importance is Xelvin’s law
of magnetic force which states that, in a system which
uses a constant current to produce motion by means of
magnetic force, half the energy imparted to the system by
the current must be stored in the magnetic field and half
-the energy will be acquired as kinetic energy by the mov-
ing part of the system. . In addition to the inevitable losses
in an electric circuit, therefore, about ‘one-half of the
available energy is lost. In the German gun mentioned
previously the projectile is reported to have been a mov-
ing short circuit between a pair of parallel rails and to
have been accelerated to a velocity of 2000 meters per
second. This is about 6,500 feet per second, an increase
of about 65% over the highest velocities attained by ex-
plosive means.. It can be shown, however, that to pro-
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" shown in the present instance as a unitary structure, funda-.
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mentally the device comprises two distinct portions which:
could, if desired, be entirely separate; these are a gen-
erator stator 1 and a motor stator 3. Each of the stators - .
is tubular, having linear bores 5 and 7, respectively, -
through which the respective projectiles are adapted to be-
propelled. The motor stator 3 is several times the length
of the generator stator, but is materially smaller in in-
ternal diameter.- - The generator stator proper terminates, -
at the breech end, approximately at the position indicated
by the dotted line 9. It is provided, however, with-a rear- -
ward extension 1a, preferably - integral with the-stator
proper and having a bore of like diameter, the extension -
being broken away in the drawing and its position indi-
cated by dotted lines. The extension 1a terminates in a
breech 11 which may be chambered to receive a cartridge
case 13 of substantially conventional form. The breech-
is provided with the usual interrupted screw 15 for re- -

- ceiving the conventional breech block and closing mecha-
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vide such an acceleration, at the instant the projectile left -

the rails the battery must have been producing one million
amperes at 2400 volts.” This amounts to nearly two and
a half million kilowatts at the instant of discharge. Stored
energy in the magnetic field would be dissipated in an
enormous arc, dwarfing in magnitude and brilliance the
flash from the most powerful cannon, even assuming that
the battery could be so disconnected as to add nothing
to the stored energy maintaining the arc.

The present invention -avoids all of these three major
difficulties. The energy utilized preferably is stored in an
explosive, in chemical form, which is the most readily

available method of getting large instantaneous powers

_“for very brief intervals; in effect the energy which would

suffice to derive a large shell at presently available veloci-
ties is made -applicable to drive a smaller shell at higher
velocities. The inductance problem is met by the use of
“single turn coils which are, in effect, provided with short-
circuited turns comprising the armatures themselves, and
the structure of the leads reduces their inductance to a
very small value so that the steep wavefronts required
can be effectively apolied. The use of the induction motor
largely avoids the difficulties described in connection with
the German device. Kelvin’s law is satisfied during a por-
tion of each cycle during which force is imparted to the
projectile, but this energy is returned to the system at later
phases of the cycle and only the energy stored in the final
cycle is lost.

All of the above will be more clearly understood by
reference to the detailed descriptions of a preferred form
of the device and certain modifications thereof which
follow, in connection with the drawings wherein:

- Fig. 1 is a schematic drawing of a preferred form of
the invention; _ :

Fig. 2 comprises curves illustrating performance char-
acteristics of the inventive apparatus; : :

Fig. 3 is an isometric drawing of generator and motor
" windings of a somewhat modified form; and
Fig. 4. is a drawing similar to. Fig. 1, illustrating the

positioning of windings of the type illustrated in Fig. 3.

Fig. 1 of the drawing is a schematic isometric view, part-
ly. in section, partly broken away, and partly in phantom,
of a gun embodying the present invention. Although
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nism, which are not shown since such structures are well
known. The extension 1a is actually a gun barrel, and
can be constructed as such. = It is in this portion of the
structure that the generator armature receives its initial

Disposed along the length of the generator stator 1 are
a plurality or multiplicity of single-turn stator coils 17:
All but two of these coils are shown in phantom; each -
coil consists of a massive copper ring, and the coils are -
disposed as closely adjacent to each other as is feasible.
These coils correspond to the windings of a conventional,
rotary-type generator in purpose, and like such coils they
are insulated from each other and the surrounding ma-
terial, preferably by mica.
these coils define the bore of a gun barrel the coils being

5 successively spaced one after another along the projectile

path. Accordingly, they must be accurately alined and: :
closely spaced. The manner of retaining them in position
will be discussed hereinafter. BN

In addition to the stator coils 17, there are also pro- -
vided three additional single turn coils 19. Leads toeach -
of these latter coils are brought out through the stator.
structure and are adapted for connection, in the present:
instance, to condensers 21, through switches-37 schemati-*
cally iltustrated in the drawing. R

Except for dimension, the motor stator 23 is substan-
tially similar to the generator stator. Like the latter, it
is provided with a rearward extension forming a breech
25 chambered to receive a cartridge case 27 and provided ™
with an interrupted screw 29 for receiving a breech block::
Like the generator stator, it is provided with single turn:
coils 31 which are mutually insulated and preferably are.
positioned closely adjacent to each other. Beside being.
smaller in diameter than the generator coils, they are
axially longer so that cumulatively they occupy substan-:-
tially the entire length of the stator. Because-of- their’
greater length, they may be of thinner material and yet
provide the same current carrying capacity.. These band-
shaped coils produce greater efficiencies since in operation-
they carry sheet-like currents which substantially confine ..
the magnetic fields linking the coils to the armature.

The motor coils 31 are equal in number to the gen-
erator coils 17, and the motor and generator coils are
connected together permanently in 1:1 relationship, -in.
numerical order from breech to muzzle of the two stators,
by leads 33. The form of the connections is important
for the operativeness of the device; the conductors form--:
ing the connections are formed of a flat strip, wide in
comparison to its thickness. The two conducters form: -
ing the connection are superimposed, face-to-face, a min-:
imum thickness of insulation between them. For reasons
which will become apparent hereinafter, it is- advisable ~
that the generator portion of the device be positioned
closer to the muzzle of the motor than to the breach,
so that there is a minimized length of lead at this point.
The lead structure specified provides circuits of very low.

Collectively, the insides of -
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inductance; the reasoiis for this.are: fully disclosed in the
copending application of the preseiit iniventor, Serid] No:
324,199, filed December 5, 1$52; now Patent No: 2,785;-
265. The low inductance is accompanied by relatively
high shunt capacity betwees the leads; but sifice: the re-
sistance of each individual cifcuit’ is very low and the
voltage necessary to-initiate’ even very lafge: cuirents is

correspondingly low, the losses incidgnit to the High shunt:

capacity are small in compatison with the drop in tfans-
fer constant between generator and motoi” coils. that
would be involved with leads of higher inductance. - Be-
cause the darmaturés” of both generator. and’ motor are
being comstantly accelerated as:they: travel through the
stator structures, the frequercies developed- as- the gen-
erator armature progresses through' thé coils dre also
constantly increasing. The susceptance of the circuit as
represented by the interlead: capacity increases in direct
proportion to frequency, and: therefore it is desirable, as
a ‘general proposition, to make' this capacity smallest
where the frequency is: greatest; i. e., at:the: muzzle end
of the device. Accordingly, the generator stator:is posi-
sioned : with respect to the motor stator to:render the
connecting leads nearest the muzzle end shortest.

In the particular embodiment of the invention herein
shown, the generator armature 35.may be a sitnple hol-
low shell of highly conductive material; preferably cop-
per. Because it is unnecessary, and in fact undesirable,
that the. momeéntum of this shell -be great, it'is: preferably
not solid; it may, in fact, contain all or part of the driv-
ing explosive, acquiring a portion of its‘enérgy by rocket
action whicii tends to maintain its acceleration throughout
the length of the stator.
more effective as the shell velocity approaches the speed
of sound. in the burning gasés. The initial drive is de-
rived from the pressure developed: by:a portion. of the
charge contained in the carfridge case; the latter portion
of the drive is effective during the first part of the arma-
ture travel at lower speeds where the rocket action is
least efficient.

Means, embodied as switches 37; are provided . for
closinig the circuits betwéen the condensers 21 and 'the
auxiliary coils 19 as the generator armature enters these
coils, the coils being excited as the armaturé enters with-
in them. The current surgés resulting from thé excitation
of the coils 19 persist as circuldting currents:in: the arma-
ture shell, inducitig EMFs in the:génerator coils:17 ‘which
react on' the armature to - maintain these currents. The
action is that of an-induction- generater which:is well
understood including the emanation of a: magretic field
from the armature that links: thé coils to inducé current
therein:
the energy is stored in' the inductance:of the systém; this
becomes the magnetizing current, which, as'it is refurned
to  the-system, provides-continuous excitation and ‘main-
tains the circulating currents in the armature as its travel
continues, - the characteristics' being those of :an induction

motor with a negative slip. The remainder of the ieneigy .

is available for driving the projectile.

Considered as an armature, the projectile 3% may also
comprise 2 hollow. copper shell. In: accordance with
standard aercdynamic practice, it will normally be pro-

vided with a pointed nose 41 which may ‘contain a fuse,’

detonating mechanism, or the like. It is also preferably
provided -with stabilizing fins 43, and its body ‘will nor-
mally contain”an-explosive, incendiary, or other type of
destructive charge. Since. the: device is: essentially: an
induction motor, although of -unconventional: form: sirice
the armature is a free-bedy unconnected mechanically or
electrically but only magnetically to'the other stricture,
the general principles of induction motot design apply
such as the principle that the air gap’ should: be' sniall
whereby in this instance the armature diameter is only
slightly less than that-of the bore. If the “winding” (in
this case the shell itself) is-of relatively high resistance,

the starting forces will be high and. the “running” ef-

The rocket action becomes:
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ficiency and thrust low; while low' résistance results' in
reverse: haracteristics. It is theréfore desirable that the
bfeach dnd starting explosive c¢hatge be provided, so
that as the armature eriters'thié fislds induiced in the motor
stator coils it is travelling at a velocity ‘which represents'a
relatively small slip in- comparisoni with the velodity -of
the travelling miagnetic field gefierated in the coils. 31
in response to and in substantial time-correspondence
with “the traveling magnétic field developed' in the gen-
erator stator by movement of the generator armature
therethreugh. Once within this field; the conditions cofi-
mon to induction motors obtain; the thrust bécomitig pro-
portional to'the slip. The freqiiency, it is true; increases
constantly as the armature progresses through-the stator,
While' this is uiusual in induction motor practice, it is
not unheard of; actually, the efficieficy increases soine:
what with the frequency and theré is nho necéssity for -
frequency stabilization i this particiilar application of
the principles. ‘

Because of the slip, positive with respect to the motor
and: negative with réspéct to the generator, both arma:
tures should be long enotigh to span more than the two:
coils- theoretically necessary to constitute. a contifiuous
travelling wave. In the generator portion of the device,
the veltage will léad the current; wheréas in the motor
portion the reversé is true. If the transfer constants are
properly computed, the phase relationships remain sub-
stantially constant. The armatires should each span
coils' tepresenting at léast a full cycle, and preferably
somewhdt more, in order that the enersy returned to the
system as the projectiles pass may be effectively to excite
the cails in advance; this excitation currenf is wasted  as
the-two projectiles. leave the muzzlés of the gun.

The slip-thrust relationship' is -illustrated in Fig. 2. 'In
this figiie, curve 41 shows the relationship in the case
of a high resistance motor-projectile, whereas curve 43
shows' the relationship with a minimum resistance * pro-
jectile. Intermediate valués of resistance would, of
course; give interimediate curvés, but the effect observed
can be sufficiently deduced from the tiwo curves shown.
In each’ case, the thrust'is shown in terms of the percent
of maximuin. It would obviously be possiblé fo start
the projectilé fromm rest, but in this case the thrust im-
parted 16 it by the field would fall off as if gains speed
relative to the speed of ‘the generator projectile. “Rela-
tive 'speed” as heré uséd ‘isin terms -of ‘coils per-unif time
traversed by the two projéctiles. If ths motor-projectile
is travelifig' at nearly the same rélative speed’ as is the
generator projectile,- the 16W-résistance projectile will op-
erate ‘on the descending’ branch of cirve 43. The effi-
ciency at this point will be high' and 'a decrease in rela-
tive speed of the motor projectile’ with respect to that of
the’ generator projectilé will 7ésult in an increased thrust
and 'a-tendency to “catch up.”’ As it does catch up, it
reduces the current flowing in the coils of both motor and
generator portions of the déevice and therefore reduces
the portion of the energy which is'stored in’the magnetic
field. The necessity for getting rid of large amounts of
stored energy after the projectile 18aves the gun is there-
fore to a large extent eliminated; there is ho-sudden gen:
eration of unduly high voltages which' might result in
flash-overs arid possible destruction of the equipment.

Althdugh eniphasis has Been laid upon efficiency in the
foregoing, particulatly as efficiency is limited by Kelvin’s
law, the ultimate desideratum is to transfer to the motor-
projectile thé maximum available energy, and it is: well
kncwn that maximurm energy transfer occurs when the
impedance ‘of the source of power is equal to that of the
“sink,” " i. e., when the impedafices of the driving and
dfiven elements are matched: The impedance looking
into the individual motor coils his both' resistive and
reactive components. Owing to the ¢oil construction,

the ohmic resistance’ of the ¢irciilt can be made very
small so that the resistive component is due almost en-
tirely to the mechanical energy imparted to the: motsy
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projectile. The inductive.reactance of the motor coils
_is reduced owing to the fact that the projectile lies. within
them, as a short circuited turn. The total reactance of
the circuit, however, is increased by the presence of the
capacitance between: the leads connecting the generator
and motor windings, although this capacitance increases
the power-factor.: The use of complete coils for the gen-
erator windings, as-shown in Fig. 1, therefore may result
in a-much: higher effective impedance in the -generator
branch of the circuit than is desirable. - Fig. 3 shows a
coil configuration which permits improved matching of
the motor and generator coil impedances, a single genera-
tor coil and. its accompanying motor coil being mdlcated
in this figure..

In the embodiment of Figure 3, the generator coil is
~ divided into-four sectors; althoughthe same effect could
be:secured to-a greater or less degree by the use of two,
three, or more sectors for the generator coil. ‘The four
sectors of the generator coil are designated as 45; to 45,,
- inclusive. FEach sector is connected to two single-turn
motor coils, designated as 47; to 474 inclusive. Trac-
ing the circuit, counterclockwise from generator-coil sec-
tor 45,, the upper terminal of this sector connects through
the upper of a pair of leads 49; to coil 47;; returning
through the lower of leads 49, to the upper terminal of
sector 45,. The lateral terminal of sector 45, is connected
similarly to coil 47, returning ‘to the left-hand terminals
of sector 45;.
through the remaining sectors and the leads as distin-
guished by their appropriate subscripts back to sector 45,
through the lower lead of the pair 49, from coil 47,. In
effect, therefore there is 'a single generator turn 45
connected with four motor turns in series. From a cir-
cuit constant point of view, this is preferable to the more
obvious arrangement of a single pair of leads from the
generator coil to a group of series connected motor coils,
giving ‘better current distribution in ‘the coils themselves
and, for certain designs, a better balance between inter-
lead capacity and inductance of the circuit as a whole.
_'The inter-lead capacity, between a pair of leads connect-
ing a generator coil and a motor coil séparated by a given
actual distance, will be substantially the same whether
they connect to a complete ‘generator turn or only a sec-
tor thereof. By dividing the generator coil, as illustrated,
only one-fourth of the total voltage drop is effective
between any, pairs of leads; the four capacities are effec-
tively in series, and the circuit capacitance is therefore
only one-fourth of what it would be with the more ob-
vious: construction. - One advantage of this construction
s that it enables an arrangement of motor coils taking up
the full length of the motor stator, without gaps,-and is
conducive to the design of the two stators in their desired
length-ratio without requiring gaps between the coils
while, at the same time, maintaining the desired imped-
ance relatlonshlp

The manner in which such coils may be embodled in
a-gun of the same general type as that shown in Fig. 1
is illustrated in Fig. 4. The structures common to the
" two figures . are desxgnated by the same reference. char-
acters, the coils in Fig. 4, however, bearing the same
notation as those illustrated in Fig. 3.

It will be recognized that effectively each generator
coil, as shown in Figs. 3 and 4, represents a separate phase
of the circuit, and that the four coils of the motor stator
represent a corresponding phase in the latter structure.
It will also be seen that because of the structure of the
motor: coils; each being a-complete. turn which is fed
radially, there is no skewing of the magnetic field to give
a lateral thrust or wobble to the projectile.
coils comprise what is essentlally a current sheet insofar
as that particular phase is concerned. :

It ‘will also.be recognized that only those coils within
which the generator projectile is moving are energized,
and that as long as the motor projectile lies within the
corresponding motor coils it will receive a major portion

The circuit continues in this manner

The four -
70

10

20

25

30.

35.

40

45

50

.60

<
[

75

2] : Co
of the energy from the generator coils and continve to
accelerate. The progress of the projectiles through the
individual coils of the two stators causes the projectiles.
to excite ‘them or be excited by them in ~succession.
The currents in any two successive coils: will be  of
nearly the same phase at the instant the nose.of the -
projectile enters the coil, the phases in the generator
coils gradually advancing along the stator as:-a result of
negative slip. . The progress of the projectile through -
the -stator causes the successive excitation of .the coils, =
and since the projectile spans a number of coils the result -
will be polyphase fields, the number of phases being: de-
pendent upon the number of coils spanned by the respec-,
tive- projectiles. - Because of this, one of the greatest: -
advantages of the inventive structure exists; the- only
portion of the structure which is-excited is that which is
mctually doing work.  So far as is known, -the various
structures shown by the prior art excite the entire motor
stator-and thereby waste most of the available power or-
else encounter destructive, high-current arcs. ' The struc-
ture here-described applies energy only where it is actu-
ally useful and without arc-producing current switching.

Thus far the description of the invention has dealt -
primarily with the electrical considerations involved in
the invention, but it will be obvious that there are several -
mechanical features which are of very great importance.
Not the .least of these is the fact that the constructicn

of the gun barrels ‘does not require that they be .re- -

sistant to explosive forces from: within, such as will be
generated by both the generator charge and the charge
giving the initial impulse to the motor projectile.  In

constructing the device, it is quite clear that the coils -

must - be accurately alined; they may, for example, be
assembled on a mandrel and there be affixed to their var- -
ious leads, the generator and motor mandrels being held -
in their proper relative positions by suitable jigs or fix=
tures.
very high most of the voltages are low, and only mini-
mum amounts of insulation need be used. The rearward
extensions of the two stators, including the breach mecha- -
nisms, must be carefully alined with the coils and the .
mandrels on which they are assembled. These portions-
can be of ordinary gun- construction except for the fact. -
that no rifling is necessary and, in fact, any spin of the
projectiles is to be avoided rather than encouraged. )

Once the motor projectile .has entered the- stator and
begins to be iaccelerated by induction from the stator
fields, the pressure in the gun barrel proper will drop;
actually the projectile will run away from. the pressure
wave which gives it its initial start. ;
sarily true of the generator armature, although it may -
be true in part if only a small charge is used to give the -
latter its original impulse and its major acceleration is
derived by rocket action, as:has already been described.

The problem of mechanical construction can be met
by encasmg both motor and generator portions of the-
device in an outer tube 51 of high tensile strength ma-
terial and by filling the space between the latter tube and -
the coils with material 53 which is high in- compres- -
sional strength but which- is a poor conductor.
to the relatively low voltages employed, however, the fill=
ing material 53 need not be a. particularly good in-
sulator. Since the stresses are-ultimately carried by the
high : tensile strength casing 51, it _is satisfactory if the
filling material be strong only. in compression. “For this
reason, it is possible to use, as the filler 53, a dense, fine:
grain Portland cement concrete. As is well known, this
has a very high compresswe strength although it is weak
in tension. " Although it is not a good insulator, its re-
sistance is sufficiently high so that very little energy
is dissipated by  induced  currents therein. - ‘The outer -
shell 51 is very loosely coupled to either the motor or
generator coils. and, moreover, the fields due to these -
coils .as viewed from the outer casing are _substantially
neutvahzed by the counter ficlds due to the cuculatxng:“

Fortunately, although the ‘currents -involved are .-

This is not neces-

Owing- .
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cuiTents “in the respective shells. “The outward loss of
energy is ‘therefore very small.

Actually, a more serious difficulty is presented by the
air pressure wave which builds up in front of the motor
projectile as its speed approaches and eventually exceeds
mach 1, the speed of sound. The loss of energy to the
shock wave thus developed .can be minimized by provid-
ing the muzzle of the motor barrel with a cover plate
55, provided with @ gasket of rubber or like material
§7. - The cover plate 55 may be made of metal or
even of light plastic; it must have sufficient strength
to withstand ‘atmospheric pressure over the area of the
bore of the gun. Communicating with some convenient
portion of the bore, preferably, although not necessarily,
adjacent to. the breech end of the stator proper, is 2
conduit 61 leading to @ vacuum pump 63. With the
cover plate 57 and its gasket in place, and with the
breech sealed by the breech block and cartridge case, the
barrel ‘s exhausted by vacuum pump 63. The evacua-
tion -avoids build up of terrific pressures ahead of the
projectile as it is accelerated. Momentum, correspond-
ing to the projectile  velocity, must be imparted to the
gas remaining in the barrel of the gunm, but with only
a fairly good vacuiim produced in the barrel the pres-
sures generated are not excessively large. ‘The cover
plate will, of course, ‘be ‘blown away as, or shortly
before, the projectile reaches it.

Alternatively, and- slightly less effectively, the stator
portion of the barrel can be vented at short intervals
to permit the gas to escape laterally instéad of removing
it beforehand.

It should be evident that it is not necessary that the
initial impulse be given to the motor projectile by an
explosive charge, or, in fact, that it be given any initial
impulse although this is preferred.- The primary drive
can be imparted by comipressed air,- for example, or if
an evacuated barrel is used, and a sealing ring is em-
ployed on the projectile, atmospheric pressure will give
it a start. If no initial impulse is given, however, the
stator coils near the breech should be spaced more ¢closely
than those farther along in order that a given amount
of -electrical slip in the breech portion may not cor-
respond with two great a lagging-behind of the magnetic
fields. When an initial impulse is applied it may be
desirable to vary the spacing of either the motor or
generator stator coils in order to maintain a substantially
constant degree of acceleration from breech to muzzle
of the- device.  If the generator armature is given a
constant acceleration, uniform spacing of both sets' of
coils is desirable, but if the rate of accéleration of the
generator armature varies, a compensating variation in
coil spacing in either motor stator, generator stator, or
both, improves the performance.

It has already been mentioned that-the switch 37 of
Figs. 1 and 4 is shown purely schematically. A me-
chanical switch'is possible. In order to reduce the size
of the equipment and at the same time to generate a
large circulating current in the generator armature it
is desirable to charge the condensers' 21 to relatively
high voltages, to make their leads to the coils 19 of
low inductance" like the leads to the coils 17, and to
make the closure of the switch as rapid as possible.
In order to accomplish this, the switch 37 may be in
the form of a triggered:spark gap, such as is used in
radar apparatus to initiate high voltage pulses. ~Various
such triggered spark gaps are well known in the art
and it is therefore unnecessary to describe any particular
type here. The simple condensers shown can, of ‘colirse;
be replaced. by pulse forming networks of any of the
types used in radar apparatus, but  the simple condenser
is practically as effective.” If the resistance of the arma-
ture 35 is low, substantially all of the energy of the
condenser discharge will be absorbed in setting up the
circulatory currents within it, and the condenser dis-
charge can ‘be made substantially non-oscillatory.
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It has already been pointed out that the frequency

generdted in the various coils increases as the two arma-
tures travel from breech to muzzle of ‘the ‘device. Other
than ‘making it advisable that the connections between
the muzzle coils should be shorier than those between
the breech ‘coils, so as to reduce both inductance and
capacitance effect as ‘the frequency increases, this change
in frequency is of no particular moment, The conse-
quent currents and fields adjust themselves so as to
produce the proper induced armature currents in the
proper phase. The circulation of the currents in both
motor and generator armatures will' be such that, con-
sidered around any circumference, -an alternating cur-
rent will exist, these curremts varying im phase from
In the stators, the current
will lead the voltage in the generator portion of the
circuit and lag in the motor portion. In the ‘generator,
energy is imparted by the armature to the circuit as the
armature enters the coil and is returned as magnetizing
current later in the cycle. In the motor portion, en-
ergy is imparted to the armature as it approaches and
returns from the armature to the circuit later in. the
cycle, the returned energy being represented as mag-
netizing current in the generator. ‘It may be noted that
more’ than one cycle can occur during the passage of
the armature as a whole through any one coil.
" While the use of an induction type generator leads
to what is now believed to be the simplest form of
design, it is not the only type that can be used for the
generator portion of the apparatus. - It should be quite
evident that the stator of any type of rotating field
A. C. generator can be developed into linear form. It
i§ further apparent that individul windings in such a
developed stator er armature structure can be connected
to individual coils' of the motor to produce a traveling
field in the motor stator structure corresponding to that
developed in the generator coils. Among the many
types of generator structure that might be used is the in-
diictor type in which both field and armature windings are
on the stator and cooperated with a ferro-magnetic in-
ductor that effectively switches the field between the
stator pole pieces. This inductor type is typified by the
well known, although now little used, “Stanley” gen-
erator. Other types of well known generator apparatus
in which a magnetic field of a continuously magnetized
armature passe$ through the stator coils can also be emi-
ployed if desired.

All of these ‘various types of generators, althcugh us-
able, possess the disadvantage that they require a heavier
generator armature or projectile than does the induction-
generator type. With the latter type, the entire mass
of the generator projectile can be the “winding” or con-
ducting portion of the projectile. None of the energy
of the charge therefore need be wasted in accelerating
a heavy magnetic core. The result is that as the gen-
erator projectile leaves. the muzzle it has much less
kinetic energy than the heavier device would have and
therefore greater energy is imparted to the projectile
itself.

Any of the types of generators that have been sug-
gested, however, possess the characteristic' which has
been comsidered to be that which gives to this invention
its greatest value; i. e.; all of the energy generated and
transferred to the motor portion is concentrated, with-
out the need for high-current switches, in the region
where it is immediately effective upon the projectile.
Of the electromagnetic guns which have been suggested
in the past, some: have been of the induction motor
type. - So far as is known to the present inventor, how-
ever, all of these have required that the: entire stator
structure be excited. They have used rotating. alter-
nators to' generate the requisite currént, speeding. up
these “alternators and using the momentum of their ro-
tating parts to store kinetic energy which could be drawn
upon- at the instant of discharge of the gun. Of the
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energy ‘transferred to the stator structure, only that
which develops the fields immediately surroundmg the
- projectile is of any- actual effect, but in these former
structures the energy must be stored in the magnetic
field and the whole structure excited in order to obtain
the desired action. Furthermore, the frequency drops
as energy is taken from that stored as kinetic energy
in the fly wheels and this imposes a definite limit upon
the velocity imparted to the projectiles.

In the particular forms of the device which have been
illustrated, it will be noted that no ferro-magnetic ma-
terial has been used in either the motor or generator stator
structures. - A ferro-magnetic field or core structure can
be used if desired. At lower frequencies and muzzle
velocities, the use of ferrc-magnetic structures is permis-
sible -and may be of advantage.  In general, however,
" computations indicate that non-ferro-magnetic structures
are more efficient. While the high projectile velocities
for which the present invertion is primarily intended, the
frequencies generated in the. coils become very high,
partlcularly toward the muzzle, and with increasing fre-
quencies the advantage to be gained from the use. of
ferro-magnetic material in the cores falls off rapldly At
higher frequencies, the inductance of the coils rises, in-
creasing the required voltage per coil. 'The capacitance
- of the leads then begins to assume greater importance and
may. involve serious losses. Therefore, although the use
- of ferro-magnetic core structures is considered to be

within the scope of the invention here presented, the pre-
ferred form of the device dispenses with the use of
ferro-magnetic materials.

As has been indicated, the details of structures in which
the present invention may be embodied vary widely. The
particular types described herein-are therefore not in-
tended - as limitations, all limitation -intended being

) speciﬁcally expressed in the following claims.

What is _claimed is:

1. An acceleration amplifier comprising a  linear in-
duction motor stator and a shorter linear generator stator,

_ said' stators incliding an equal multiplicity of cylindrical
coils disposed end to end to- form respective tubular
bores therealong, rigid connections from each generator
coil to the motor coil positioned in corresponding order
on said motor stator, a ‘generator armature adapted for
movement through the generator stator and of such length
as to span a few of the coils thereon, means for ex-
citing in said armature magnetic fields linking the coils
spanned thereby - to. induce therein phase-displaced cur-
rents when moved with relation to-the coils so spanned, a
motor armature comprising a conductive projectile move-
able within the coils of said motor stator and of such
-length- as to span a plurality thereof, and means includ-
ing - means for accelerating said gemerator armature
through said generator coils to induce in said projectile
from said motor coils a localized field traversing said
_motor stator to support said projectile and to move the

latter through said motor coils at a greater acceleration’

than that of said generator armature, said localized field
constituting the scle support of said projectile during said
acceleration.

2. An acceleration amplifier comprising a linear in-

duction motor stator and a shorter linear generator stator,-

said stators including an equal multiplicity of coils dis-

posed therealong, permanent coanections from each gen--

erator coil to the coil positioned in corresponding order
on. said motor stator, a generator armature adapted for
movement through the generator stator and of such length
-as'to. span a few of the coils thereon, means for ex-
citing in said armature magnetic fields linking the coils

spanned thereby to induce  therein phase-displaced cur-
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rents when moved with relation to the coils so-spanned, a .

motor armature comprising a conductive body moveable

within the coils of said motor stator and of such length-
as.to span a plurality thereof, and a breech .chamber.
aljned with:sa_id Sgeperator’ stator and connected therewith .

.duction from the field traveling therealong.

1
and adapted to contain an explosive charge for dnvmg
said generator armature therethrough at an acceleratmg
rate. :
3. An acceleration amphﬁer comprlsmg a lmear 1nduc- .
tion motor stator and a shorter linear generator stator, -
said stators including an equal multiplicity of coils.dis=:
posed therealong, permanent connections from each gen-:
erator coil to the coil positioned in corresponding. order’
on said motor stator, a generator armature adapted for: ::
movement through the generator _stator .and of such,
length as to span a.few of the coils thereon, means for *
exciting in said armature magnetic fields linking the coils”
spanned thereby to induce therein phase-displaced cur- -
rents when moved with relation to the coils so spanned, a:
motor armature comprising a conductive body moveable:
within the coils of said motor stator and of such length:
as to span a plurality thereof, means including .a breech: .
chamber alined with said generator stator and connected:
therewith and adapted to contain an explosive charge: .
for driving said generator armature therethrough at. an:
accelerating rate, and means for giving an initial velocity-
to said motor armature concurrently with the firing of'
such explosive charge. -
_ 4.. An acceleration amplifier comprising an elongated
tubular induction’ motor: stator, a plurality of coils dis-
posed end to end therealong to form a tubular bore, each:
coil comprising a single turn of strap conductor forming a
band of predetermined diameter, a tubular generator
stator of materially smaller length and large -internal
diameter mounted closely adjacent to said motor stator,-
single turn cylindrical coils equal in number to said motor:.
coils disposed end to. end along said generator stator

I

of said generator coils to.the coil in.the like numerical
order on said motor stator, means for inducing currents in -
a conductive - projectile movable through said generator

coils, means for driving such a.conductive .projectile

through said generator coils thereby to induce therein cur-
rents producing a localized magnetic field travelling along -
said motor stator, and a conductive free-body projectile.of. .
a diameter only slightly less than said predetermined
diameter movable through said motor stator coils: by in- -

5. An. acceleration amplifier as defined in claun 4'
wherein the connections between each of said generator
coils and the motor coil correspondmg thereto ‘comprise
fiat strips wide: in comparison to their -thickness, the
outgoing - and return leads comprising each connection
being : closely apposed and separated only by 2 thln.
layer of insulation.

6. An acceleration amplifier comprlsmg an elongated
tubular induction motor stator, . a plarality of. cylin-
drical coils disposed end to end therealong to-form a
bore, each coil comprising a single turn of strap-con--
ductor, a tubular generator stator of materially smaller-
length and larger internal diameter mounted closely ad- -
jacent to said motor stator and comprising single- turn.:
cylindrical coils disposed end to end to form a bore and: -
equal in number to the coils on said motor stator, ¢on-
nections from each of said generator coils to the coil:
in like. numencal order on said. motor stator, a groupi

erator stator in alignment .with said generator coils,:
means for passing electrical energy. through each of saldb .
additional coils to induce electric currents in a condictive . .
projectile - encompassed . thereby, and means. for -driving
such a conductive projectile’ through said additional coils.
and said first-mentioned  generator coils in succession- to,
constitute an induction generator developing a magnetic-

-field in said: motor coils advancing proportlonally and
" at.a higher rate. in said motor stator.

7. An acceleration amplifier comprising an elongated
tubular induction motor stator, a: plurahty of coils dis-
posed therealong, each coil comprising -a smgle turn. of
strap conductor a, tubular generator stator of materlally
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. smaller Iength and larger internal diameter mounted
closely adjacent said motor stator, single-turn coils equal
in number to said motor coils disposed along said gen-
erator stator, connections from each of said generator
coils to the coils in like numerical order on said motor
stator, means for inducing currents in a conducting body
within said generator stator, and means, including a
breech chamber coaxial with said generator stator and
adapted to contain an explosive charge, for driving such
a conducting body through said generator stator thereby
to induce -in the coils thereon currents producing a
traveling magnetic field in said motor stator.
8. An acceleration amplifier comprising an éelongated
tubular induction motor stator, a plurality of coils dis-
posed therealong, each coil comprising a singie turn of

strap conductor, a tubular generator stator of materially
smaller length and larger - internal diameter. mounted-

closely adjacent said motor stator, single-turn coils equal
in number to said motor coils disposed along said gen-
erator stator, comnections from each of said generator
coils to the coil in like numerical order on said motor
stator, means for inducing currents in a conducting body
within said generator stator, means, including a breech
chamber coaxial with said generator stator and adapted
to contain an explosive charge, for driving such a con-
ducting body through said gencrator stator thereby to
induce in the coiis thereon curreats producing a travel-
ing magnetic fieid in said motor stator, and means aligned
with said motor stator for impelling a conducting arma-
ture thereinto concurrently with the initiation of a travel-
ing field therein.

9. An acceleration amplifier comprising: alinear in-
duction motor stator including a first multiplicity of
cylindrical coils successively spaced end to end one
after another to define a first bore; a generator stator
including a second multiplicity of cylindrical coils posi-
tioned successively end to end one after another to define
a second bore of a length shorter than that of szid first
bore; means for developing a first localized magnetic
fleld traveling the length of said second bore in a pre-
_determined time interval, means, including electrical
conductors individually coupling said first and second
multiplicities of coils, for developing a second localized
magnetic fleld traveling the lengih of said first bore in
substantial time-correspondence with said first field; and
a motor armature comprising a conductive projectile of
a Jength to span a plurality of said first muitiplicity of
coils and movable through and solsly supported - within
the coils of said first bore by magnetic induction from
said second magnetic field.

10. An acceleration amplifier as defined iz claim 9
including a housing for said induction motor stator: and
a vacuum pump coupled to said housing for evacuating
the latter. :

11. An ‘acceleration amplifier as defined in claim 9
including additional means for imparting an initial veloc-
ity to said motor armature.

12. An acceleration amplifier comprising: a linear
induction motor . stator including a first multiplicity of
cylindrical coils successively spaced end to end one after
another to define a first bore; an induction generator
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stator including a second multiplicity of cylindrical coils
positioned successively end to end one after another to
define a second bore of a length substantially less than
that of said first bore; means, including coupling ele-
ments individually coupled between said first and second
multiplicities of coils, responsive to a magnetic field trav-
eling the length of said second bore in a predetermined
time interval for developing a magnetic field traveling
the length of said first bore in substantially - the same
time interval; a generator armature movable through
the coils of said second bore and of a length to span
a plurality of the coils thercof; a motor armature com-
prising a projectile of conductive material movable
through the coils of said first bore and of a length to
span a pluralify of said first multiplicity of coils; means
for establishing a magnetic field emanating from said
generator armature to link coils spanned thereby and
induce therein -phase-displaced currents upon relative
movement between the armature and the spanned coils;
and means for accelerating said generator armature
through said generator stator to induce in the latter a
localized magnetic field traversing the length thereof and
consequently create a similar localized magnetic field

traversing the longer motor stator in an equal time in-

ferval to accelerate by induction said motor armature
through said motor stator coils.

13. An acceleration amplifier as. defined in claim 12
in which each of said first multiplicity of coils comprises
a strap-like band closely encircling the motor armature
path and responsive to coil-current flow to produce sheet-
like currents substantially confining the magnetic fields
linking the bands and the armature to the space imme-
diately between the bands and the motor armature.

14. An acceleration amplifier comprising: a linear in-
duction motor stator including a multiplicity of cylindrical
coils successively spaced end to end one after another to
define a motor hore; a generator including a multiplicity
cf inductive elements positioned successively one after
path of a length substantially less
than that of said first bore; means for developing a first
Iocalized magnetic field traveling the length of said path
in a predetermined time interval; means, including elec-
trical conductors coupled between individual ones of said
multiplicities of coils and elements, for developing a sec-
ond localized magnetic field traveling the length of said
motor bore in substantial time-correspondence with said
first field; and a motor armature comprising a conductive

- projectile of a length to span a plurality of said multi-

plicity of coils and movable through and solely supported
within said motor bore by magnetic coupling from said
second magnetic field, said projectile beam moved
through said bore in substantial time correspondence
with said second magnetic field. )

References Cifed in the file of this patent
UNITED STATES PATENTS

811,913 Foster .o _______ - Feb. 6, 1906
1,384,769 MacLaren _.._.________ July 19, 1921
1,565,895 Blaustein __.___-______ Dec.- 15, 1925
1,896,418 Phelps ool Feb. 7, 1933



