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TRANSITION PROCFSSES DURING COMPRFSGION OF CypLINDRICAL SHELLS Iy A

STRONC MAGNETIC FIELD

Fnaineer v. T. mikhk=2lesoo and rnaineer A, R, NCV3ynCndtsav

Leninqrad Order of Lenin Polytechnical TInstitute imeni %, I. valinira

The compression of thin-wvalled metallic cylindars in a s*trnng
pulsed magnetic field is of in*arcs* ir respert +n +hos stnidy 0f +he
behavior of metals uUnder conditionrs of rapnid deformations, nhserve?
durina the magnetic-pulsed workina of metals [1), with *he ab*airinag
of a Strong magnatic field by means of flux compr~zsion "2, Thore i3
independent significance in the questicn of the convarsion of *hn
energy of a magnetic field into the kinetic enerqv of an acce)larased

cYlinder r3, 419,
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At the TVN "exPanSion not Verified] department of +hs TPI imeni
M. T. Kalinina an experimental investiacation was made of ¢he
deformation of m2tallic cylinders in a strong magnetic field, creat+ted
Auring the discharge of a capacitor hark with a capmacitance C=12.8 ¥
with a stored ensrqy Wg=92 kJ (with a charae yoltaa2 1n,=120 ky)
through a ma*chinj transformer or a sianl=-turn solenoid (rigqure 1),
In tho tes*s the change in *the radius cf cvlinders whic* wara
arranged coaxally inside of a solencid Was recorded, and nascilloarams
were made of the magnatic inductior irszide and ~on¢=zida nf ¢Fa>

cYlinder.

calcnlations of the movement of a deformed cylinder withont
*aking into account such factors as *+he penetration Hf *he finlAi
inside of the cylinder, its heatina up hy vertex curran*s, ani
redistribution of current over the surface nof the solennid Auring
deformatior give results wvwhich differ signficantly from =a2xnarimenr+al
da+ta rf3]. The purpose of the present work is a more strira~r*
descr iption of the process of compression, takina inta account *ho
listed features of the deformation of 3 cylinder in the finll o€ a
singla=+urn solennid,

Ir the deriva*tion of equatinns +he maan2tic finlq in *he workin~g
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gap betvwean +he solenoid and cylinder B,- is considered uniform. This
is valid in the baginning of the process of acceleration of +he
cylinder, while the working gap is small. With deep comnression the
field differs from uniform, but on this stage the influence nf +F»
extefnal field on the moVement of the cylinder is no* jraat. Tho
field inside of the shell is also accepted as uniform, This field hac
a roticeable influence on movement only on tha final sector of
cOMPrasSSion, Yhen the supposition of its uniformity is fyulfillag,
under *hese conditions the equa*tion nf purcly iner+tial moveman+ n¢€

the cvlinder ¥e ¥Write in the form
d*R 1 2 plo
(1) m —-‘h? -‘-’.T‘:(B( B,)-ﬂRI.
where ® - current radius of ¢the deformed par+t of +he cylinder;
U - i+ts axial length;

m - its mass.

The assumptions made also 1ead to the followina formulas €or ¢t

indquctance of tha Working aan:

(?) L, - B (R - RY),

FrD-ID(RS)I-1874-76
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vhere R. - radius of the solenoid, and *the inductance of the deforped

part of the cylinder

3) Virie= }l.;n Rz.
1
Since the process of compression lasts all told only several
tens of picroseconds, then it is possitle tc disredarq tha hoat
eXchange bet¥Ween the cylinder and *he surrounding medium and to write r

for its heat content g3 the equation
2
d : . 24 R_
% '-,3'?‘ = 'grs"(l BE _c_’) (.—Rn) :

in which +he chanje in the active resistance of th2 cylinder r, is
taken intn account in the case of compressicn due to heatina and a ]

chanage in the thickness of the wall durinag defcrmation, 4

In equation (4) i, - Vortex clrrent ir the cVlindar; ryo and ?, 1
- initial valu=ss of active resis*ance and *ha radius of th= cvlinder; :
a - tomperature coefficient of resistarce; c - heat capaci*tv o€ *+ho

cylinder,

A special faature of +he single-+urn sclancid is the fact +hae

part 0f its currant flows over *he eond surfaces and dnes no* +ake
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part in the creation of the working field, which isS detarmined hy ¢the
current which is flowing over the cylindrical Sufface of the
solenoid. In the process of deformation the relationshin hetweern ¢he
indicated parts o>f the overall Current of the solenojd is chanqged.
ThiS circumstance is taken into accour+ by the approxima*tion formula
of equivalent inductance of the solenoid-cylinder systam S)

21p RA

q L T 7 ’
©) t+1n'i(1,4e-;—ln34ﬁ—°)

where h=R.—R- - the gap between the sclencid and the cylinder, 1n
the deriva*tion of (5) it is considered that h& R, apd the systom

oberates under conditions of a sharp surface effect,

Pormula (5) can be presented in +t+he form

_ Loy

L:::
L+ Ly

where

L, = p2aR. 4

- inductance of the gap,

' R

’ P T s
(&) i 2 1464 In-—rle | Re
ey 4(R. —R) {

induc*tance of +h2 ends of t+he solenoid.
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In the calculations the gap inductance was calcula+~d hy formnla

(2), and the induc*tance of the ends - by formula (A).

Ah inyesStigation of the solenocid-cYlinder field on a model
showed that the ratio of working current of the solnrnoid +o th= *n*+al
current -7:fﬁ—, calculated with the help of formulas (2) and (A), in
the case of the substitution of valurns %% =1.05 and %5*=0.“,
corresponding to tha real qgeore*ric dimensicns of *+he solenoiid,
differed somewhat from experimental Aata. This differanca is

exprlained by the approximat= naruro nf *he formulas themselvos and hvy

the veryY complex distributicn cof the ficld in the solennid-~cylinder

B i i ol - ‘ .
system. For approximation of +he experimen+al dependence —7:%77- in
enti e of ¢h jus t £ Re+tR ;4 ;%
the entire range of change Of radius the factor S 1» intronduced
C

into +be formula,

The layout for suhs*tjtutjon of *the installation is shown ir
Fiqure 2. The inductance of scattering cof +he primary cir-suit 1,, *+h»
inductance of majnetization of *he ¢rarsformor L,, *he resis*ances n¢
the primary circui* r; and the solenonid r, are considered cons+ant,
and their values are datermined accordina *o the nscilloarams n€

discharge current nf ¢the bank or the =nlennii.
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the tes+eq cylinders had an ini*ial diameter of 95 mm and A

length Oof 200 mm. Their other characteristics are aiven in Table 1,

The system of ~auatiors (1)-(4) was inteqra+ted on 3 compu*cr
together with tha equations for +ho electrical circuit in Figur= 2,
The results of the calculatioen for a sample of type 1 with ",;=120 kv
are compar~d with oxparimental data in Fignre 3, The sa+tisfactory
agreemert of curves B, and the radiys of thc cvlindar s/R, ronfirms
the correctness of *+ho selaction of +he paramaters nf *he arrangement
and the assumptions made under *he given corditinns., In *+he case nf
low initial voltages for hedvy =amopl®s *he experimental curves r/=
lag behind th» calculated, which is ~xplained by *+h2 influence of +h>
forces of resistance to deforma*ion under +hese coniitions. The
curves of +he intarnal field &, differ strongly only ir *he case of
deen compnression, when the accepnted Aescrintion of the chanage in +t=
parameters of the shell becomes insufficient. In *he €inal staqe theo

field 3, increases rapidly and *he cylinder i35 slowol down,

Based on th2 maximum value of velcci+ty +he afficiarcy of

acceleration 1 - - =¥ Was determined. The calculated 1apsnrdences of

LUy .
L ovpr [ o)™

cn the dimensionless parameter [ =-—"_"L for 4iffer~nt sampnles are

constructed in Figqure 4. In the area 8>N0,2 the calcylarod valnes
agree satisfactorily with experimental, with small=r 8 ar ircrease

yvields an cxcessive rosult.
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Ir Tabhle 2 +he calculated values are aiven for +he relatiy~

maani¢Ndes of kinetic enerqgy W,, elactrcmagnotic enorgy Wsu, +hermal

losses ir resistances of the ins*tallation a;+4a, and losses in the
sample q3 by the mom>nt of achirvement of rha paximum veloci*v fo

sample of *ype 1,

With a less=ning of B8 there i= an incrcase in the duration o
combrassjon and the share of thermal losses increases both in the
cylinder ard in the romaining resisters of the circuit. Wi+h 2¢n,
rore thar half of all *he enerqv conver*s into heat. In this case
share of hcat losses in +he sample is nct Grea+t - for aluminum i+
dces not exceed 10 , for copret - 5 . Thercfore *he losses in +he
cylinder cannot have a significant influence on +ho convarsion »f

enerqv during compr=ssion.

With an incr=ase of R the <hars of thermal loss»>s irops arni
kinetic %, and electrnmagnetic enerqy ¢ . are incr~assd. A+ hinh
values of 3 th= lat*er reaches almos* half of the initial =*oreid
enerqg¥ # .- Duriny compression on this rarticular installation +he
inductance of +h> lcop only douhles, and ~ven in +h- absence nf
losses and an optimal value of 3 1 the efficiercv dn~s not ~xceed

f3le i.ee, ¢he gr=ater par+ of +he energy is preserved jin *ha €ar

r

@
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p
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electromagnetic, For an increass of efficiency it iS5 necessary to

lower the initial ininctance of +he inc+allaticn beina considor

o

For an ¢valunation of the influonce of the individuil factors o

the efficiency of acealerat*ior the processes in the 1nop ware

calcUlatedl ¥ithout consideration of anv other factonrs, Tor a

cf type 1 +he following mades woro Considered: 3) 2=0; h) r,=9;

r]:ﬁ: d) r}:(‘,' ——Ta: ) r3=0¢ ====; f) [_l ' D3y rlzr,:r‘rq.

modes a ard b +ha afficiency differs insignificantly from *he

1

previously obtained values, i.e., the 15ssos in the sol-noid anid

change in +he resistance of *he sholl dune to its hea*ting un have

little influence on the efficicncy of acceleration.,

Tha calculataq Aspendences o€ ° (R) for modez £=¢ ara Jenicted in

Figure 4 hy the bhroken lines. It is evident tha+ hoth the pen~tratinon

of the fierld and *he presence of a nulsed *ransformor hai an

influence on *the afficiency, althongh *hese *two fac*ors arc mnr

significant than the previous ones. A\ npore noticeakls influones

exer+ad by +he flow of part of *+he solcnoid curr~n* over its

S

SR ER!

i..

sirfaces, nonconsideration of this factor 123ds ¢0 almoyst a2 double

overstating of efficiency (curve e). Thercfora for an inecreas
effectivVeness of acceleration the desian of +he solenonil bas
changed in such a way as *o reduce +he share nf current which

flovina oVer the ond surfaces.

-~
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Calculation in an idealized layout with disreqard nf losses and
inductances L, and L. (curve f) gives results which diffar =till mor>

frem actual.

CONCLUSTONS

1. A calculated arrandemert+ has heen WCTCked oWt for comprossior
of thin-walled m2tallic shells in +ha field Of 3 Sinqla-tiurn
solenoid, taking into account penetrration of the field intn ¢hLe
shell, its heating np hy vortex currents, redistribution of cnrront
over *he surface of +he soleroid, ard1 ¢*he nresence of a2 ma*tchina

transformer in the discharage loop.

2. The accepted inertial model of deformation is 1pplicanls with
A>0.2. At sSsmaller Vvalues the ir€lucnce nf +he ferces of resis*ance *n

daformation are siqgnificant.

3, The most imror+ant factors which detormine the ~fficiency of
acceleration in the arranqgement which is5 considered are *he active
resistalce and inductance of the primary circuit, and a1lss +ho facs

that part of the current of the solanonid flews en *ha ands o€ *he
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s0laroid ard do no* par*icipate ip ¢+he cr=ytion of *h» wnrking

Submit+ed by the TOE [ axpansSior not*t vVerifiscq4) department

r17 Nov 19693
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Fiqure 1. Solenoil with a deformahl= sample,

magnetic irduction: 2

inside of shell; a2 - =xperiment, b - calcnlatead,

Key: mSe.

()
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induction nu*tside nf the sholl:

Kev: (1) Solenoid; (2) Tnsulation: (3 Sampla,

Table 1. Characteristics of test samnles,

Key: (1) TyDPe; (2) MateTial: (3) Thickress of wall, 45, mm: (4) ™Mass,
m*, kqs/m; (5) Active resis*tance, rig9, mohrs; (F) Aluminum; (7)
Corper.

Figure 2. Arrangemen* for subhstitutinn of discharqge loon.

Figure 3. Compression of sample of *ype 1 with nyg=120 kv, rharge in
radius of shell: A A - exparimen*, 1 - calculated., Curves of

3 induct ion




DOC = 1874 nAGr & /7

Tahle 2. Distribu*tion of energy during compression of a cvlinder.

key: (1) kv; (2) kinetic: (3) electromagnetic.

Figur= 4, Experiman+al and calculated valn=s of efficienrcy of
acceleration of a shell. Designaticn of exnarimental points: ¥ -
sampla of *ype 1, O - sample of *+vp= 2, @ - =samwple of *tyre 3, A -

Sample of *Yne 4. Calculated deperdences are depictoed by curves,

Kevs (1) tvoe 1; (2) *+typ~ 2.

end-1874
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