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No s 54 637

UNITED STATES

| fefenfed ﬂaréi 15 1904 : '

PAT}LNT OFFICE,

'KRISTTAN BIRKELAND, OF CHRISTIANIA, NORWAY:

. E_LECTROMAGNETib GUN.

SPECII‘ICATION forming part of Letters Patent No. 754,637, dated March 15 1904

ePplmzt,tmn flled J Anary 2, 1909. Serlel No 88,180,

(No model,)

To all whom it may concerh.:

Be it known that I, Kristran BIRKELAND,

a subject of the King of Sweden and Norway,
residing at Christiania, Norway, (whose post-
office address is the same,) have invented cer-
tain new and useful Improvements in Klectro-
magnetic Guns; and I do hereby declare the

following to be a full, clear, and exact descrip-

tion of the invention, such as will enable oth-
ers skilled'in the art to which it appertains to

- make and use the same, reference being had

20

~ with service velocities—because of the fact

| mamletle oun.

to the accompanying dr awings, and to letters

and figures of reference merked thereon which

fom:l a part of this spemheatwn
The present invention relates to an “electro-

1t has heretotm e been consider ed practically
impossible to construct an electromagnetic
gun—that is to say, to produce a gun ot this
Kind which would throw a service projectile

 that the modern methodsof electrical calcula-

tion would indicate that in order to obtaln

service velocities with service projectiles an

25
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point as to injure or destroy the coil.

enormous number of windings would be re-
quired, thus involving the use of a barrel
whose lencrth would be prohibitory I have
found, howevel that it is practicable to con-
struet a ogun of thls kind which will meet all
service requirements and which will have
many advantages over the usual powder-guns.

My invention is based upon the _fa,et that
the magnetic effect of a current 1s.a function
of the current only, while the rate of increase
of the temperature of a coil carrying such

current depemds upon a number -of factors

other than the current. As aresult of this the
magnetic effect of a current inacoil will attain
a maximum in advance of the temperature of
the coil. Consequently, as 1 have observed,

an enormous magnetic effect may be obt.:uned
in a practical manner by supplying an abnor-
mally heavy currentto acoil and then cutting
off the current from the coil before the tem-
perature of the said coil has reached such a
-1 have
found, for instance, that an iron rod having

a length of about ten inches and a sectional |

area of one square inch when placed about
midway in a solenoid of the same length

weighing about twenty-four pounds and hav-
ing an inner diameter of nearly two miles

'and an outer diameter of four and one-half

inches was drawn into the solenoid with a force
of about one hundred and seventy pounds,

55

when a current of two hundred and thirtyam-

peres was sent through the solenoid. The

heat generated in the coil at the end of one
second after the current was turned on was
not so great but that the solenoid would have
safely withstood ten times as heavy a current

60

for one-tenth of a second, in which case the

force acting upon the rod would be about

- | seventeen hundred pounds per square inch..

Furthermore, the above calculation is based

upon the supposition that the iron rod in the
above experiment was saturated with mag-

netism. If this be not the case, the magnetic

force produced by the mulmphed amperage

would be still geater relatively. A calcula-
tion shows that a single pole of the said iron
rod when saturated with magnetism should

be drawn into the solenoid with a force of |
‘about two hundred and sixty-two pounds by

a currént of two hundred and thirty amperes
in the solenoid. If instead of an iron rod a
body made up of coils through which a cur-
rent is passed 1s made use of, the suction of
the solenoid may be made far greater. In

'the description hereinafter when the term

" projectile” is employed this is to be un-

derstood to be either an iron rod or a body

of coils arranged in some suitable way.

"The above-named facts I utilize in con-
structing a gun in which the projectile is
thrown by aid of electromagnetism, the gun-
barrel being arranged as a tube of sufficient
length surrounded by solenoids. Means is

pr ewded for supplyinge these solenoids with.

an abnormally heavy current—that is to say,
a current beyond the capacity of the solenoid
as calculated by the methods now in vogue
with electrical engineers for determining the
safe carrying eepeelty of a coil—and means
is also provided for cutting off the current

from the solenoids before the said current has

had time to raise the temperature of the so-
lenoid to a point sufficient to destroy it. The
control of the cutting out of these solenoids
may be e "“ected by md of circulit-br eakers ar-
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rané‘ed outside the gun: but T prefer effecting
the cutting out of the solenoids automatically

by aid of the projectile itself, the projectile
acting during its passage through the gun-

barrel directly or indirectly upon a series of
circuit-breakers. This cutting out of the so-
lenoids behind the projectile should be ar-
ranged in such a way that there is always a
suitable average distance between the pro-
Jectile and the active solenoids. In this con-
nection 1t should be remembered that spark-
ing of the circuit-breakers may be counter-
acted and eventually totally prevented by the
contrary tension or counter electromotive

‘force induced by the projectile in the gun-so-
lenoids, which contrary tension or counter:

 electromotive force may be made to act at

20

the moment of breaking the circuit, so that
the current at this moment actually has no en-
ergy. ‘'The circuit-breaking devices should

- therefore be arranged so as to be also in con-

. 3.0

formity herewith. As to éventual sparks, it

must be remarked that all such are at once

blownout by the immense draft resulting from
the projectile motion in the gun-barrel.
This invention is especially adapted to

throwing projectiles containing large quanti-

ties of high explosives, it being possible in
this way to put the projectile into motion and
increase the driving force until the desired

- Initial velocity is reached, whereupon the force

~ may be decreased gradually, so thatall sudden

.35
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shocks of the projectile thereby are avoided.
My invention will now be described in con-
nection with the accompanying drawings, in
which— _
Kigure 1 is a diagrammatic view of the rear

portion of a gun embodying my invention,

and Fig. 2 a detail cross-section of the barrel.
Fig.- 3 represents a longitudinal section
through part of a gun in which a projectile is

moving. Fig. 4is a cross-section on the lines

4 4, Fig. 3. Fig. 5 is an enlarged cross-sec-
tion through the part of the tube which car-
ries the circuit-breakers. TFig. 6is a sectional
plan of the same. Tigs. 7 and 8 are diagrams
showing two different forms of automatic
main circuit-breaking arrangements.

matic main circuit - breaking arrangement,
Fig. 10 1s a diagram of a solenoid projectile.
Fig. 11 1s a sectional view of a detail of the
same. _
ing the manner in which the current is cut off
trom the solenoids to avoid destructive spark-

ing, and Fig. 14 a diagrammatic view of an-

- other embodiment of my invention.

60
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Before describing in a detailed manner the

electrical and mechanical constructions pref-

erably made use of when carrying out my in-

vention I shall explain the general idea in a

more concrete form, reference being had to

Figs. 1 and 2 of the annexed drawings.
X1g. 1 of the accompanying drawings shows
a diagram of the breech end of a gun. TFig.

Kig. 9
'1s a diagram showing a third form of auto-

Figs. 12 and 13 are diagrams illustrat-

V54,6387

2 18 a cross-section. The projectile a, which
13 shown as being an iron projectile, has
Just begun its passage through the gun tube
or barrel. This tube, which may suitably be

made of bronze or steel, is slotted on one side
along its whole length, as shown in the sec-

tional view Fig. 2, and surrounded by solen-
olds ¢. The solenoids are connected in series

by two, and each group of two solenoids is

arranged on a reel d, threaded on the bar-
rel-tube 6. The elementary solenoids of each
reel are connected with each other in the way

shown in the diagram Fig. 1, the connec-.

tion at the inside of the solenoids consist-
ing of contact-arms ¢, extending into the
above-named slot of the barrel-tube. In or-

der to facilitate the understanding of the dia-

gram, the pairs of contact-arms are shown ar-
ranged longitudinally instead of laterally.

The said pairs of contact-arms may be sepa-

rated, and thereby the group of solenoids to
which they belong cut out by aid of a wedge-

shaped nose /, carried by a slider ¢, made of
an 1nsulating material.

The said slider, car-
rying the wedge-shaped nose 7, slides in suit-
able guides 2, provided in the inside surface
of the barrel-tube, and, being provided with a
rib ¢ on its back end, is carried along with the

projectile, the latter having a circumferential
groove %, into which the said rib 2 fits. In the

position of partsshown in the diagrammatical
view I1g. 1 the nose is just severing the con-
tact-arms of the third group of solenoids, there-

by eutting out this group. In order to sat-

urate the projectile (if it be of iron) with mag-

-netism before it begins its passage through

the gun-barrel, I may arrange on the back
end of the gun-tube an electric coil s with a
separate current source. During this satu-
rating process the projectile may be put into

70
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rotation by the aid of a motor having its driv-

ing-shatt loosely coupled with the back end of
the projectile. N
It will be evident that I may carry out my

invention in a great many different ways with-

110

out departing from the principles thereof. In

the embodiment which has now been explained
only for the sake of illustrating the principle
of the invention it was assumed that from the
beginning current was flowing through all of
the solenoids. I may, however, also modify
my invention so as to send current through
the solenoids in front of the projectile just in
time before the projectile passes. I maymake
use of solenoids connected in parallel, or I may
arrange groups of solenoids in which the ele-
mentary solenoids are in series while the

set of solenoids may be connected in series,

‘so that a continual winding is obtained. The
_necessary energy may be obtained from a sys-

tem-of generators constructed especially for
this purpose. These generators may be pro-
vided with large fly-wheels, while the driv-

Ing machinery may be given relatively small

115

120

~groups are connected in parallel, or the whole

130




dimensions. A system of ten such dynamos,
each of which in the moment in which they

are short-circuited, for instance, produces

- three thousand v,olts and thirty thousand am-

1O

. “for all sorts of these electromagnetic guns.

LS

20

25 ¢C

30

35

40

peres, would be sufficient to deliver power to
a whole battery of the largest guns. A part
of the kinetic energy of the fly-wheels would
at the moment of closing the gun-circuit be
instantly transmitted to the projectile. Also
accumulators might be used as a currentsource
A
battery of accumulators for this purpose would
in certain cases be of great 1mporta,nce, in that
by use of such it would be possible in alimited
space of time to throw a great many projec-
tiles. Acucmulators endure a relatively large
number of short-circuitings within a limited
space of time. A battery of accumulators

‘might, therefore, be kept in dry condition, so

that they could be filled and formed in the
course of a few days, when the occasion for

“their use requires.

If suitable current.sources are used hewmcf'

very low internal resistance, a gun of larcre'

caliber may be constructed by means of a soi-

 lenoid made up of relatwelsr few wmdma‘s of
This wire (Whlch-

a continuous copper wire.
might be of square cross-section) should pref-
erably have such dimensions as to make the
resistance of the windings about the same as

- the 1nternal resistance ot the current source
and so that the projectile when passing

through the gun induces sufficiently-great
countel electromotlve force to make the com-
mercial efficiency satisfactory. Outof a bat-
tery of accumulators for this purpose a cur-
rent of one hundred thousand amperes by two
thousand volts may easily be taken. One
pole of the battery may, for instance, be con-
nected with the bronze tube and the other

~ pole with the winding at the front end of the

45

gun, and the short-circuiting of the accu-

mulator through the. WlIldlI]U' may in this
case prefemblv be caused by means of a con-

tact - piece which electrically connects the
inner side of the w111d1n0‘_w1th the bronze
tube. ~This manner of carrying out the 1n-

~vention is illustrated in the diagram Fig. 14,

55
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which explains itself. In this case the wmd-

' ings that counteract the motion of the pro-

Jectlle are cut out from behind at the proper

moment, thereby avoiding the formation of
Only when the prOJectﬂe leaves the

sparks.
mouth of the gun will there be formed a spark,
which is blown out. The insulationsmay be so
constructed that the gun will withstand consid-
erable heating. This kind of oun is especla,llv
suitable when a solenoid pro;lectlle 1s used ca-
pable of setting up a very great counter elec-
tromotive force in the solenoids of the gun.
This may be so arranged that this counter elec-
tromotive force at the moment the projectile
leaves the gun makes the solenoids of the gun
apprommately free from current, so that the

ﬁna,l breaking of the current may be effected

without difficulty. If thé oun 1s to be very

long, it may be suitable to divide the sald con-
tinuous coil into two or more coils arranged

Ry

one behind the other and in parallel with the

source of current. As above mentioned, the
front end of the continuous coil or coﬂs 18
connected with the source .of current.
back end is open. - If the coil is divided in

two .or more coils, the back ends of each

of these coils are carried rearwardly along
the gun to its back end, where they are open.
The said contact-piece slides along these ends,
so that all of them will be in circuit at the
starting of the projectile. In order to avoid
a shock at the moment the projectile leaves
the tube, the solenoids may be so arranged
that the. force exerted on the projectile de-
creases as the latter approaches the exit.

I will now proceed to explain the nature of -
some of the mechanical and electrical arrange-
ments which I preferably make use of in car-
| rying out my invention.

In. the form of gun illustrated in Figs. 3
and 4 of the dra,wmcrs the solenoids 20 are
arranged In groups of say, three hundred in
each goroup. The elementary solenoids of
these groups are connected in parallel to the
mains 21 22. FEach of the solenoids 1s pro-
vided with a current-breaker, and I prefer to
cut the wire in the middle of each solenoid
and connect the ends with springs arranged
in slots near the inside of the gun-tube, as
will hereinafter be fully described. 10 is the

tube of the gun, preferably made of bronze _
ICO

or steel. It is provided with a longitudinal

slot along its whole length, and this slot is
iled with a block 11 of insulating material.

L

In this block are provided four grooves 12,1n

~which the current-breakers or contact-springs

13 are secured. The reason why more than
one groove is made use of is that I am able,
n this manner, to obtain so large a dlstance

between the consecutwe pairs of springs that

t.1ev may be glven a sulta,ble leno‘th As

springs in each row will be four times the

length of each solenoid. This will be clearly

seen from Fig. 6. 20+ and 20 =+ are the above-

mentioned ends of the solenoid, which are
carried down through the 1119111&1311:10'—101001{ to_

the springs 13, which are preferably placed in

recesses 14 in the sides of the grooves 12.

The projectile 1.is provided with two or more

rings 2, placed in annular grooves 1n the pro-
These rings, in which the projectile.
may rotate, (as in Journals,) are provided with

Jectﬂe

three pempheral lugs 3, which fit into longitu-

“dinal U'ulde—crrooves 4-in the barrel-tube, and
with a fourth lug 5, the peripheral lencrth of
-which corr esponds W1th the distance between
the external sides of the outermost grooves

12. 7 represents long rods or slides of insu-

lating material, one ﬁttmg into each of the

The

shown, I arrange the springs in. four rows,
with msula,tmo' material between each row, .
so that the distance between the contact-
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said grooves 12 and provided with notches 6

| thet fit over the said lug 5 on each of the

- rings 2. It will be seen thafr when the

10

stood from Fig.

pro-
Jjectile moves forward the lugs 5 will tal{e the
slides 7along through their respective grooves.
At the forwerd end these - slides are key-

~shaped and provided with a covering 8 of con-

ducting material. The action of these slides
on the contact-springs will be clearly under-
6. When the pro;jectlle has
left the barrel the slides will drop off. The
length of the same is preferably made so it
will be somewhat longer than the length of

~ each group of three hnndred (or other num-

5

ber) solenoids. The slides hold the contacts
broken in the whole length of the slide, and
the same is preferably so placed on the pro-
Jectﬂe that the solenoids are cut out some dis-

- tance 1n [ront of the middle of the projectile.

20

In Fig. 3 the contact-springs are not shown;

but it is indicated in a clear way which of the

~ solenoids are closed and which open.

25

As
shown, the solenoids behind the slide are closed

as the prOJectlle passes forward. On account
of the time 1t will take for the springs to go
together after the slide has passed, the solen-

01ds will be open some time after the pas-

- sage of the projectile, even if the slide is not

30

J:nede so long as shown. In order to cut off

the current for the
the projectile, I may make use of circuit-

breakers placed in the mains leading to each
group of three hundred solenoids and arrange

.these circuit-breakers in such manner that

35

40
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' ble 1 prefer to make use of the following

the current in each group is broken just at

the moment the last solenoid of a group has
“been cut out by the opening of its spring-

contact 13.

One manner of affecting the antometlc open-

1ng of the main circuit- brea,kers is illustrated
in Flﬂ“ 7. In this ﬁﬁ'nre a diagram of the
electrlea,l connections is shown In connection
with a part of a longitudinal section through
the gun-barrel a,lona' one of the above-men-

tioned guide- grnoves 4, in which a lug 8 on

one of the rings 2 ismoving. In the main 21
1S erra,nﬁ'ed a cirenlt- breeklncr arm 23, which
swings on the center 24 and is prowded with

‘an arm 25, serving as armature for the elec-

tremagnet 96. The winding of the latter is

connected with the last one of a group of so-

lenoids, so that as long as this solenoid is
closed, as shown, the electromagnet will at-

tract the arm 25, and thereby hold the circuit
21 22, closed by means of the arm 28. A
spring 27, secured to the arm 25, tends to

draw the same away from the eleetromafrnet
and will do this, and thereby open the main
circult as soon as the last solenoid has been
opened. In order, however, that this open-
ing shall be as nearly 1nstentaneons as possi-

auxﬂmw arrangement: On the inside of the
groove 4 1S secured a spring 28, which on its
free end cermes a pin. or pusher rod 29, pass-

part of the gun behind

V54,637

| ing out threnfrh the oun- ba,rrel and its sur-

ronndlno* solenoids and. ending in contact with
an arm 30 on the e1r0111t—b1eaker 23. When
the lug 3 passes the said spring 28, it will
cause the pusher-rod 29 to be pressed against
the arm 30, and thereby give the arm the nec-
essary Impnlse., so that the spring 27 may be
able to effect the withdrawal of the a,rrnetnre
25 rapidly.

Another manner of effecting the automatic
breaking of the main mrcmt—breakels is 1llus-
trated in Fig. 8. In this instance I malke use
of the 1'600111110' action of one of the solenoids
in each group. I place one of the solenoids

loosely on the gun-barrel, sothat it may move
1n the axial dlrectlon of the gun about as much
as one-fourth or one-half of an inch between
two neighboring solenoids, springs 33 being

utilized to hold the solen01d In its normal for-

ward position. 34 .is a lug on the outside of
solenoid.
provided with an arm 36, extendlntr down—
ward behind the said lug 84: and with : another
arm 37, against which a spring 38 acts, so as

to hold the breaker in its closed p051t10n

When the projectile moves on and approaches

the solenoid 31, the recoil of ‘the latter will

overcome the tensmn of the spring 383, so that
the solenoid will move backward, and thereb

the lug 34 will hit the arm 36, and the arm 37

will thereby be pressed down past the end of

the spring 38, so that the circuit 21 22 will be
opened. Of course it will be most preferable
to arrange a set of four or more circuit-break-
ers symmetrically around the solenoid. A
third manner of effecting thisautomatic break-
ing of the main circuit- breekﬁls 15 illustrated
n Fw 9. In this instance I make use of the
oun- ba,uel itself as a stationary. contact, to
which one end of the main conductor is con-
nected, and of the projectile as a movable con-
tact-piece. In Fig. 9, 4142 represent copper

rods mounted on the 1ne1de of the gun-barrel,

imsulated from the latter and from ench other.
Of these rods there are as many as thara ara

groups of solenoids, and each of them extends

from the rear end of the gun to the end of the
oroup to which it belono's To these rods are
connected the leedmcr—ln wires of each solen-
oid of the respective group, as
while the other leadlng—*n wire of each solen-
old 1s connected to the main 217, The other
main 220 is conneeted with the ean-barrel.
The projectile carries brashas 43, which 1472 1n
contact with all of the rods 4.1 4:2 &e.
be seen that the brushes will estebllsh a circuit
through the projectile 1, the barrel 10, con-
dnetors 220 210, solenelds 20, and conduetor-

‘rods 41 42, &c., and, as the prejectlle moves,
one after the other ot these rods and the solen—-
oids connected therewith will be cut out of

the circnit. If it is not desired to have the

circult set up for the whole gun at once, but

only successively asitis needed this result may

35 18 the mremt—breaker 1t being

indicated,

70

75

31 in a separate reel 32, which is mounted 8o

Q0O

95

100

105

110

120

It will

.125. .

130




IO

754,637

5

bereached by not letting all the rods extend | of the projectile are placed solenoids 54, con-
back to the rear end of the gun, but only to structed, preferably, as short elementary so-
some distance in front of the same, according | lenoids, which are connected in parallel. The-
- to the solenoid group to which it belones. | carrent passes from the conductor 51 through
5  Asto the dimensicns which may be given | the ring 55, to the wire 56 through the solen- 70
~ to guns constructed according to my inven- | -oids, to the wire 57 and from this through the
- tion, the following example may be mentioned. | ring 68 totheconductor52. Toillustrate how
For throwing an iron projectile weighing two |-the contacts in the rings' 55 and 58 may be
tons and containing onc thousand pounds ni- arranged, I have shown a section in Fig. 11
trogelatin at an initial speed of one thousand through one of these rings. 55 is the ring. 75
feet per second I make use of a gun of a length | In the periphery of the same is placed a contact
of about ninety feet, the projectile being about | 60, insulated from the ring and sliding agalinst,
~ nine feet long and having a diameter of about | the conductor 51.  On the face of the ring is
nineteen inches. The gun-solenoids may be | placed, in an annular groove and insulated
15 made up of square wire, each solenoid contain- | from the ring, a contact-ring 61, electrically 8o
ing seven hundred and twenty windings of a | connected with the contact 60, as shown. A
resistance of fifteenohms. Thelength of each | similar contact-ring 62 is placed in a similar
- solenoid ismade about three-eighths of an inch manner 1n the face of the groove in the project-
and the height (radial dimension) about eight | ile in which the ring 55 rests, and the rings 61
20 inches. With an electromotive force of three | and 62 are made to be in contact with each 85
thousand volts this will give a current of two | other. To this ring 62 the leading-in wire or
hundred amperes. If the current is set up | cable 56 15 secured, to which the solenoids 54
simultaneously in all the solenoids, (there will | are connected in parallel, as before mentioned.
- beabout three thousand elementary solenoids,) | It has been stated above when speaking
25 this will require altogether six hundred thou- | about the breaking of the current in each of go
sand amperes, and the suction acting on the | the solenoids that this may be performed
projectile will be about two thousand five hun- | without, the forming of sparks, because the
- dred pounds per square inch of the cross-sec- | counter electromotive force induced by the
| tional area of the projectile. A ecalculation projectile in the solenoids will reduce or en-
30 shows that when a firing is to take place the | tirely counteract the electromotive force of os
- current should be set up one-seventh of a sec- | the main current, In order that this very im-
ond before the firing. The projectile is then portant point may be clearly understood, I
- set free, and it will pass the barrel in the course | will explain more fully the phenomena taking
~ of one-fifth of asecond. Thecurrent hasthen | place in the gun, reference being had to the |
35 been on the outermostsolenoid about one-third diagram Fig. 12. If the axis ¢ ¢’ of the dia- 100
- of a'second. If, however, a construction is | gram represents the length of the gun, the
used in which all the groups of solenoids are driving force acting on the projectile at. any
“not at once set up, (for instance, in the man- | point of its movement may be represented by
ner mentioned with reference to Fig. 9,) less | a line & &', which line, as the driving force at =
40 than half the current will be used for the same | the beginning (a d) is the same as that at the 105
effect, and the generation of heat in the outer- | end, (¢ d',) will be parallel with the axis. As
most solenoids will be reduced. | soon as the projectile has begun its movement
As stated, I may also make use of a project- | it will induce a wave of contrary tension or
1le the body of which consists to a substantial | counter electromotive force, the maximum
45 extent of solenoid-windings, through which a | value of which will be increasing from ‘‘0” to 110
- current 1s passed during the passage of the | many times as great as the driving force, and
projectilethrough the barrel. By usingapro- | this maximum contrary tension or counter
jectile provided with such windings 1 obtain | electromotive force may thérefore be repre-
a multiplied effect. The driving force may in | sented by a line @ ¢ At a certain point ¢°
50 this instance rise tosixteen times that obtained | the value of said counter electromotive force 113
~with a projectile of soft iron only. The cur- | will have reached that of the driving force—
rent may be fed to the coils of the projectile | that is to say, @ ¢ will be equal to a® d°—and
through. contact-rods arranged on the inside | from this point 1t will be seen that it will be
of the barrel. Fig. 10 is a diagram of a pro- possible to break the current without sparks
55 Jectile of this kind, showing the electrical con- being formed. The induced counter electro- 120
‘nections and arrangements. . The projectile is | motive force will set up an opposed current
supposed to be construeted as before described | the intensity of which will depend upon the
or in any other suitable manner as regards the | said counter electromotive force and the time
circuit- breaking arrangements, &c. In the | in which it acts-—that is to say, the time which
6o diagram, 50 represents the barrel; 51 and 52, | the magnetic pole takes to pass the solenoid 123
~ contact-rods mounted somewhere on the inside | in question. As this time will be so much the
of the barrel,extending the entire length of and | less the nearer the projectile is to the mouth
insulated fromthebarrel. 53isthe projectile. | of the gun, where the counter electromotive
1t may be made of steel and hollow, so that it | force is so much greater, it will be found by
05 cancarryexplosives. Around the central part

calculation that the opposed current will be 130
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~about the same about the beginning of the

" movement at a¢°

as at the end. In the exam-
ple of gun hereinbefore deﬂ;cmbed when a
current of two hundred amperes is made use

of the opposed current will be. about ninety
amperes, so that the driving-current at the
moment of breaking will be about one hun-
dred and ten amperes.
~ diagram just referred to represents, as men-
10"
- -foree in each solenoid.

The line @ ¢ in the
tloned the maximum counter electromotive

ter-electromotive force will be reached just

. when the forward magnetic pole of the pro-

jectile passes the solen01d—~tha,t is to say,
‘when the windings of the solenoid are trav-

ersed by a mammum of lines of force in a unit

_’ 'of time.

‘'sents a succession of solenoids, and p the for-
‘ward pole of the pI’OJBthle moving in the di-
~ rection of the arrow. The curve
‘represent the counter electromotwe force pro-
“duced by the forward pole in the solenoids em-

20

~Referring to the diagram FIO‘ 13, s repre—

¢ will then

braced by the cuwe at the moment considered.

In the solenoid s* the counter electromotive
force will be greatest, and 1t would therefore

-~ bemostadvantageousinregard to the avoiding

35

40

‘about at the point #%.

of sparks to break the mrcmt at this point;

~ but this, however, is not economical, because

the said solenoid is still exerting a pull on the
iron mass of the projectile. Hence the break-

ing will most advantaﬂeously be performed
At said point a.con-.

siderable reduction of the counter electromo-

tive force has taken place; but it will never-

theless be at least as great as the driving
- force.
“ever, at all events more advantageous, as the
opposed current will be stronger at this point

The breaking at this point is, how-

than at the point when the counter electromo-
tive force has its maximum on account of the
time necessary for setting up the current—that

1s to say, owing to the laﬁ' of the current be-

45 |
- an advantage to let the opposed current grow
~up to the intensity of the dI‘lVlIlG‘-CuI'I'th 1L

hind the 1mpressed electromotwe torce. Also
as regards the question of economy it will be

"may, however, in some instance make use of

s

55

.60

. special method for causing the maximum of

counter electromotive force to act at the mo-
ment of breaking the circuit, in that I estab-

lish a transfer of countel electromotwe force
-from the solenoid s® to the solenoid ¢*.
transfer may be effected by small contact-
pieces carried by the circuit-breaking rod of

Such

the projectile and establishing momentarily

-electric connection between the solenoid from
which the current is to be cut off (s*) and that
‘one of the preceding solenoids having at that

moment the maximum counter electromotive
foree (s). If the counter electromotive force

were great enough, as when employing solen-
-o1d pro;ectlles then it would be able to set |

~up ah opposed current of such intensity that

65 the total current Would be *‘0” in the moment

of

This maximum coun-
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breaking the circuit. In this case the pro-
jectile Would in a very short time have con-

sumed all the electrical energy which had
been used to set up the current in the wind-

ings. This fact is of great importance for
the question of economy. 1 might increase
the self-induction in the solenoids by placing
soft-ironrods on the outside of the oun, where-
by the energy required for setting up the cur-
rent would be greatly increased and whereby
so much more energy could in this way be dis-
posed of in each of the elementary solenoids—
that is to say, by being transferred to the pro-
jectile at the moment it passed the solenoid.

Having thus fully described my invention,
what I clalm as new, and desire to secure by
Letters Patent, is—

1. In an electromao netic gun, the combina-
tion, with a gun- barrel 2 plurahty of solenoid-
Windingssurrouhding said barrel, and means
for supplying current to said windings, of a

70

75

8o

85

series of circuit-closers arranged to close the

circuit of the respective windings, a projectile
arranged to move inside the gun-barrel and
progressively generate a counter electromo-
tive force 1n the solenoid-windings, and means
for progressively opening the circuit-closers
of the respective windings, each at that mo-

‘ment when the induced counter—current in its

corresponding winding is substantially equal

motive force in the same. |
2. In an electromagnetic gun, the combina-
tion, with a gun-barrel, a plurality of solenoid-
wmdmcrs Surr oundmg sald barrel, and means
for supplymo“ current to said W]IldlIlG'S of a

 series of circuit-breakers arranged to close the
- circult of the respective Wmdmgs, a projectile.

arranged to move inside the gun-barrel and
progressively generate a counter electromo-
tive force in the windings, and means oper-
ated by the projectile and arranged to pro-
gressively open the circuit-breakers of the
respective windings, each at that moment
when the induced counter-current in the wind-
ing 1s substantially equal to the current pro-

duced by the direct electromotive force.

3. The combination, with a barrel provided
with a longitudinal slot, a plurality of solenoid-
windings surrounding the barrel and means
for energizing said wmdmws of a strip of in-
sulating Tnaterial mounted in sald slot and a
plurahty of cireuit-breakers.connected to said
solenoids and mounted on said strip.

4. In an electromagnetic gun in combina-
tion, solenoid-windings, a barrel, a longitudi-
nal slot in the barrel, a block of 1nsulating ma-
terial in the slot, a groove on the inside of the

‘block in the whole length of the barrel and

circuit-breakers in the groove said circuit-

breakers being electrically connected with the

solenoid- Wl‘ﬂleG‘S ~
5. In an electromaﬂnetlc oun, in combina-
tlon a barrel of non-magnetic materml a lon-

gitudinal.slot in the_ barrel, a block_'of nsu-

. ’ Ellll;i;j

e

95
to the current produced by the direct electro- -
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lating material in the slot, parallel Qrooves in.

“the block in the whole lencrth of the barrel,
elementary solenoids placed on the barrel and
connected with the source of electricity, and
circuit-breakers in the grooves of said block,

serving to close and open the circuit of each
solenoid or group of solenoids.

6. In an electromagnetic gun, in combina-
tion, a barrel, a lon Gltudmal slot in the barrel,
a blocL of msulatmw material in the said slot

elementary solenmds placed on the barrel, cir-

cuit-breakers mounted on the block, and serv-

1ng to close and open the circuit of each solen-
01d and electrical connections between groups

of solenoids and the source of electricity and
circuit-breakers i in the said electrical connec-

tion.

i 4

1. In an electromagnetic gun ) the combina-
tion, with the prOJectlle the barrel and a block
of msulatmfr material placed in a longitudinal
slot ini the.whole length of the barrel of a rod

or rods of msulatmcr material ﬁttllilﬂ' into a

groove or grooves in the said block and means
Whereby said rod or rods are loosely attached
to the projectile during its passage through
the barrel, said rod or rods acting to separate
the mrcmt—breakers placed in said groove or
oTO0VeS.

In witness whereof I have hereunto set my

‘hand in presence of two witnesses.

KRISTIAN BIRKELAND
Witnesses:
AvLFrRED J. BrYN,
JOH. VAALER.

20

25




	Drawings
	Front Page
	Specification
	Claims

