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ELECTRIFICATION AND ELECTRIC GUNS FRE R “i)é/or”
Dizt Zpecial

A. A. Koroli'kov, Prof.

The U3SR i{s presently in the stage cf electrificaticn in which
prwerful 27-, G0~ and 200-thousand kilowa:: plants are being btu:ilt
in it. They derive their Ln»rgy from the fall ¢f water cof powerful
r.vers, frem using coal wastes a%t its nin:ng sites, and from the

.2r ¢ peat at its mining sites.

Tre inexpensiveness of these power scurces and the lack cf ex-
res f:r transporting them makes the electrical powe: cbtained

[

iess expens.ve. Expendicures on building powerful electric
power p.ants 49 not increase in proportion tc the increase in power,
bu* rachrer more slowly; therefore, the expenditures on the entire
instailation of a large power plant {dam, sluice, building, machines)
comprise a smaller part of each kilowatt than those of small plants.
Supplying the electric power gver wires to the utilization site
involves a certain power loss on its transformation, on heat-up of
the wires, and on leakage, but neverthelesas, electrical power is
several times cheaper to use at the consumption point when it is ob-
tained from large central power plants than when it is obtained from
local plants.

Of course, these economic advantages will generate an ever in-
creasing number of powerful central power plants. All of these plants
will be built to serve the economic interests of the regions in which




ast'; the Shaturskaya and Kashirskaya P.ar°s
serv.: e Fegicn; the Shtercvka-Don, Balaxkhinsxkaya FPea®
fiant services the Nizhegcocrodskiy Regicn: the Kizilcvskaya Fliarn®
services tre-Jra.s; et2.
Bus here we have the jues izn f whether ~wmriderations re.ated *~ Szt

deferse are taken into account when bull.ding regiora., statiors.

Tre problems of suppiy and transportation for military reguire-
Sts wre gr-obatly not overlcoked by competent establishments., In this
cre I wdu:id only like to consider whetner it wouid be possitle *o

ve regicnal prwer plants fcr the direc?! purposes of defense, namely.

for Lacnching missiles using elextri:> guns.

Al]l of the pr:xpcsed designs ¢f elextriz guns are essentia..y
r.ans for an electric motcr which impar's the missile with a high
velozsity cn *he axis of tie gun. 'The design principies of trne
eleziric gur are the same as those fcr (designing an electric
mztir, i.e., primarily, calculating the magnetic circuit, the e ec-
trjcal circuit, and the ratio between the electric and the m=chanical

cower.,

Trerefore, an electric gun can be designed for direct current,
tased on the interaction between the magnetic field of the gun and
that of the missile, through which the current passes (French des:gr’;
a magnetic field can be created in the gun, moving rapidly tc the
mouth and carrying the steel missile with it (Swedish design for dir-
ect current); one can use an alternating currcnt and obtain an inter-
action between the magnetic field and the induced field in the missile
{E. Thcmpscn's principle); one can use a multiphase alternating current
ard obtain a rapidly mcving magnetic field which carries along the
Steel missile (magnetic-explosive gun). There are as many methods of

designing an electric gun as there are types of electric motors.




niamanta. difference btetuweern an elec'riz gun arg an
{2 motor (s designed for the c'ealy

s*3te If tne furrent, while The gum Ccperates ~nly in the initial state

€ sro ourrert, wnmer 1t incresses from zerc 0 a certairn value in a
s*rt perizd of time ([ firing duration!, Fer an electric motor. thics
iricial periid of current tuild-up when 1t is shorted is incigrnificans,
ard i+ is mIt Lsually taken into cornsideraticn; the gceond:itions wnen
sre Jurrert reacres the stealdy state are ceonsidered,

r is shorted, the Currer: power
1S expenise? orn creating °re marcnetic fleld in the gun and th= magnetic
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re miss:ie; J2n.y a sma.! percentage cf the pocwer 3
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xpenied on moving the missilie. This effect appears as if there were
reverse electromotive force, called the electromotive self-incduction.
Sirce *he :a;tetized masses are very large, the time required tc

e trem is great, and the current strength in the conductors
£ “ield increases rather slowly. Eecause of this,
mi.ssile can flyv out of the gun at that moment when the current
s*rengtt in *he circult and the value of the magnetiz field reach the
greatest value. Secondly, the mean value of the magnetic fields is
ezia. o apprcximately half of their nighest voltage.

The e2xisting methods of decreasing self-induction and speeding
ur magretizaticrn and the current build-up are very complex and cumber-
cme. It would be possible to combine large capacitances (capacitors)
to do this, bu* the construction of capacitors to compensate for high
se.f-induction involves practical problems which are hard to solve.

The second peculiarity of electric guns, involving the need for
vast amounts of electric power, was dealt with in the existing designs
of these guns sc that a low reiative power was expended over a large
period ¢f time on increasing the kinetic energy of the flywheels;
then, at the time of firing, this kinetic energy was transformed into

3




eiectric power., This approach was hLampered by the prodlem of peing
urat.e to ccnvert the energy of the flywheels into electric power
S tre brief firing time. As I w.ll show teiow, the tiring time

shou.ld e equa. to several hundred:hs of a secend, ana aduring this
time, the flywhee. must be braked by the resistance provided by the

amo, gerera‘ting a current. Up to now, no other methods of accumu-
lating energy during a long period of time in order to ii1berate 1t
ater during tne trief firing time have been proposed. The accumula-
icn of ernergy by the existing electric batteries requires periods of
time measured in hours, like for discharging them.

As for hydraulic power, it would seem that by closing all of the
siuices, it wculd be pcssible to raise the water level, thus accumu-
iating erergy, and then, by opening the siuices to the turbines, ob-
tain a large amoun*t c¢f stored power in a short time. But ro matter
hew wide the escape siuices are opened, water does not flow out of
them in a very short time. And even if there were no resistance,
the run-out time would nevertheless not be snorter than the time
*aker to fail from the neigrn® of a cam; at a height ot S m, the time
would bte cre second. The ccunteraction of the turbine and dynamc
b.ades would slow down the time taken to expend the stored energy
ever. mcre.

It might have been possible to accumulate large amounts of steam
in stear boilers, repersernting a large amount of potential energy,
ar.d then sudderly release the steam into turbogenerators. But again,
this release requires a large amount of time compared to the length
of the firing time. The stored energy cannot be expended during the
brief firing time.

In any case, the storage of the energy needed for firing requires
time, and thus, firing can only take place at widely-spaced intervals.

Electric guns can only be rapid-fiiring when they expend energy
which is available in the generators, and not stcred in some sort of

power stores (electric, hydraulic, steam, etc.).
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hips Between the Weight of the Missile, Its Muzzle
of tne Gun, the Firing Time, and the Required
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er tc have a numerical reference pcint for further con-
e will obtain some simplified relationships between the
ed in the heading. We will designate:

weight of missile ....... N
muzzlie veloecity ........ e .V
iength of gun ...... B 5
time ¢f movement into

crannel of gun ......... R §
required pPower ............. ... W

Assuming that *the velocity of the missile increases in the gun
cnanrel unifcermly from § to V, we will cbtain 2 mean rate of mcvement
egqua. to V/2. Then the dependence between tne length of the channel,
the time of m:ovement into the chanrnel, and the mean veiliocity is

expressed by the formula:

4 (1Y
L-:,-T

The eriergy of the missile at the muzzle is expressed by the
formula: '
_ b
Ty 2 {2)

Here g is the acceleration of gravity (9.82 m/sz). which we will
express by the number 10 for approximate calculations.

In order *~ ~bt*ain this muzzle energy, the current generatars
m.s* exgend *he large Juantity of energy Wi, whereupon the ratic
W/ [sic], which represents the efficiency of the electric gun, can hardly be cor-
sidered *- te greater than 0.5. For ordinary electric mctors., it is
equal to 0.8-0.9, and even higher, Since the energy is only expended
on parasite resistance in them; in the steady state, expenditures are
not needed tc create the magnetic field. 1In an electric gun, at the
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momert of firing, energy is expended on creating the magrnetic field
t d the missile. Therefore, 3 much smaller part cf the

e rergy is left to move the missile. Thus, in future

callulatiins we will assume that the power of the generator Wi must

be *wire the power of the missile at the muczzle of the gun.

Velocity of Missile at Muzzie of Gun

In ordinary guns with explosive substances, the muzzle veloc.*
deperds on the size of the charge. The base pressure of the gun, the
iengitudinal treaking force, and the transverse braking force increase
with the size of the charge. There is a lim:it to increasing the wall
*hixxkness of the gun teyond which a further increase in the thickenss
dces ner increase the strength of the gun. Therefore, the muzzle
vejccity of the gun also has a limit, which approaches 1000 m/s in

the latest guns.

In electric guns, there is no bzs2 pressure or. the gun and radial
pressures ¢cn the wall. Therefcre, it is only necessary to consider
“he l-ongitudinal breaking force., which is smaller, and which is over-
come by the entire cross section of the gun. Thus, one can obtain
rigrter velocities in electric guns than in powder guns without worry-
ing abcut breaking the gun. An electric gun can be open on both ends;

it (s unnecessary to ciose and reinforce the breech section. There-

i

e, a rew missile can be inserted immediately after one missile

~
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parts. The firing speei of an electric gun can be very great, if
e

e

h
recessary to accumualte energy by one of the above methods.

power of the generator is great enough for firing and it is not

Length of an electric gun. The length of an electric gun is
essentially determined by the same conditions as for firearms; it
must be strong enough to keep from breaking, and it must not be too
heavy, so that it is easy to handle.

The housing of an electric gun is not made of a solid iron mass,
but rather from sheets of iron covered by insulation. Therefore, the

6




strengin of an elegiril gun must be Created by a well-desigred celiu-

lar rrame male 7 steel 'russes. The external appearance of an elcc-

L2 Rav L3 maclh different freom that of a firearm.

{2 gun is primarily determined by

main in the charnnel of the

of tre gererator. Trerefcore,
the lerger of eleciric guns Is generally much greater than that cf
fire_rms. FIr =xaTmple, at a gerera‘tIr rscwer of 00,002 kilcwa'tts,
Tre WIrK expenzsi o in trhe gun in one seccnd wilili te equal to 110C,Cl0
Fir.T’cules (z.mcst 0,000 kilogram-meters, since cne Kilogram-meter
L7 oe323L % .72 Zzules'., If the missile is under the action of the
Jurrent for 7% second, one-fifth as much werk is expended on mcving

1t Tran as in cne seoxcnz, l.e., 200C kilojoules. If the muzzle
ve.rzity of the missile is 500 m/s, its mean velocity will be equal
arly 20 m s, axd it will cover 50 m in 1/5 second. And this
.S the lerngth of the eiectric gur. If one wished to use all 100,000
cules, It wzu.d be necessary to subject the missile to the
effect -¢ *he magretic fielu ot a whole second, which would make it

rezessary fir tre gun t. ne 250 m lorng.

Tris uravcidable need for very lcng electric guns if one wishes

*c use tre ernergy of the generatour wiihout storing it in any energy
stores is a very unfavorable feature of electric guns. And this
craracteristic carro* be eliminated, fcr it is the result of the very

ratuire cf the gun.

This unfavecrable s5:de of elecgric guns 1is not offset by its
advaniages. The absence of smoko’énd noise during firing is one of
the advantages of electric guns. The range of flight of the missile
can be charnged not only Lv changing the elevation angle, but also by
cthanging the strength of the current fed to the gun winding. By com-
biring changing the elevaticn angle and the current strength, it is
possible to obta.n different terminal velocities; and angles of inci-

dence with the same range.




To wrat Battery is a1 100,CCC K:lowatt Electric Fcwer Plant Equivalent?

As an example, I will calculate how many guns a 100,000 kilowatt
elextric pcwer plant is equivalent tc with the condition that oniy
the available energy of the generators is expended, without storing

i1t by any energy stores.

As the unit of ccmparison, we will use the 145-155 mm French gun
of the 1916 model, for whicn: length of zun - 42 caliber (6.3 m),
initial velccity - 785 m/s, weight of missile - 36.5 kg, range of

£1igrt - 18 kn, firing velocity - 1 shot per minute.

We wili calculate the work of an electric gun needed tc fire
a missile weighing 36.5 kg with an initial velocity of 800 m/s using

;y-. —98.5 840000 170 000 kgm.

the formula W-- ;
3 10 3

Ccrnsidering that the efficiency of an electric gun is equal to
0.5, we find t(hat the generator must expend twice the energy W; on

firirg, i.e., W = 23,400 kilojoules.

The work of th= electric power plant, as we stipulated, is
00,000 kilowatts, or 100,000 kilojoules per second. Therefore, the
generator produces the work Wi in almost 1/4 s (0.234 s).

Whence we find the length of the electric gun, in which the
missile, moving at a mean velocity of gﬁ;!?-=4oo m/s, covers 100 m
in 1/4 3. And this is the length of the gun (100 m).

We will calculate the muzzle velocity that a missile would have
in a short:r gun, e.g., 6.3 m, 10 m, and 5C m, with the same current
strength, which means with the same force acting on the missile,
which we will consider to “e constant cver the entire length cf the
gun. Then the movement of the missile will have uniform acceleraticn

with acceleration of a—:=8;‘;-2=8200 m/s2.
4




The veigcity v acgquired on the patn L will be equal to yial

With a gun 50 m long, we obtain rg w= )2 8200.50mw560 M/

With a leng'h of 0 m, we Obtain ¢, =}/ 6400.10=452 & S

With a length of 6.3 m (the length of a 150 mm gun),
N =200 m/s.

Taus, in one second, a 100,000 kilowatt plant can fire four
missiles weighing 36.5 kg each at a velocity of 800 wu/s, and it can
Tire 250 missiles of tris weight in a minute. All 24C of these mis-
siles can be fired in one minute from one gun, or 24 missiles each

from 10 gurs per minute.

A 150-mm firearm can fire once per minute. Therefore, with a
100,000 kilowatt generator, a 150 mm electric gun of the same caliber
is equivalent to the firing power of 240 firearms of the same caliber
and the same initial velocity.

In the atove exampl=, the power of the electric gun was 240 times
that of the firearm, while the electric gur was approximately 15 times
(100:6.3) longer than the firearm, i.e., the power of the elextric
gun increased almost in proportion tc *he square of its length.

If one wanted to have an electric gun for a caliber larger than
150 mm (6") or for a higher .nitial velocity than 800 m/s at a gene-
rator power cf 100,000 kilowatts, it would be necessary to tuild a
gun longer than 100 m. Considering this to be the maximum length, it
is necessary to limit coneself to a caliber of 150 mm.

\ hY
~,
g

Based on the above inf‘ormatién, one shou-&i conclude that:

1. Ele~u. ;2 guns with generators with insufficient power for

fir.»p. desiguea for storing the energy necessary for firing in a Y

9

s
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be

-
e

re pari23 fvime, rardly make sense n pract.ce tactguce of *re
fioulty 28 using the s*tcreld energy dJuring the stort firing time and
ause ¢ the (ow efficiercy of pcwer stores for rapid cutput.

Z Jerneriztors with power con the crder 2f a2 hundred *nousand
Swatts Q3n service electric guns with a weigr*t of the missile
arcur! forry kilograms and an initial velooity of arourd

mos,

3. A 130,02C kilowatt generator can fire around 220 missiies
minute, each weighing arcund 40 kg.

< Elextric guns which contiruously expend the power of the
2ratcr must gernera.ly be much longer than firearms.

5. Arn electric gun can be hundreds of km away frcm the genera-
. in orna2ce ith i i ers.

being corn2cted with it by wires and transformers

6. Witn the current state cf electrification in Russia, it would

€=

timely tc build ore experimental electric gun with a caliber close

IS

20 mm (6%) with an initial velocity of 500-820 m/s.
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