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ABSTRACT

“This memorandum describes the. effect of varymg capamtor bank
parameters on the performance of magnetlcaﬂy driven flyer platés. The

equatlons relating magnetlc impulse to bank parameters are derived and

some typical curves presented, It is shown that the slow; hlgh energy.

._ bank, -though less efficient, is capable of producing equally Sharp and

ultlmately greater 1mpulses than the fast low ~energy bank.

lﬁsued by Sandia Cox:porahon,
‘a prime contractor to the
Umted States mornac Energy Commission
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THE INFLUENCE OF CAPACITOR BANK

PARAMETERS ON MAGNETICALLY DRIVEN FLYER PLATES -

Introduction

The use of capacitor banks in s1mu1at10n testing at Livermore
Laboratory has been confined - ‘primarily to two types of apphcatlon -
magnetically driven flyer plates (electromagnetic propulsion) and expleding -
foils, FEach requlres ‘the delivery of a predictable amount of energyina -

~very short time. The instantaneous pressure exerted on a flyer plate and
the energy delivered to an explodlng foil are each proportional-to the sqnarea.'_

of the discharge current.” The momentum acqulred by a flyer and the.

energy imparted to a foil are found by 1ntegrat1ng the square of the current _
- with'respect to time. .In each case, the S1gnature of the current dehvered

to the load determmes the effectlveness of the energy transfer

The time required for the discharge current to reach a partmular

‘level is determined by the circuit parameters and.the‘initial bank voltage.

In flyer plate testing, the circuit parameters are relatively invariant with
respect to time, while in exploding foil experlments the phase changes of

- the foil result in a hlghly nonhnear dlscharge

It is the purpose of this study to examine the. relatlon of capamtor -

. bank parameters to flyer plate performance only. A typlcal parallel
) ﬂyer plate assembly is shown in thure 1 SR
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Figure 1. Tytﬁical Parallel Flyer Plate Assembly

- Theory

The quantlty Wthh perhaps best descrlbes the effect of a flyer plate

© o of given thickness as it strikes its target is the .momentum dens1ty. Thls
-quantity is commonly expressed in taps a unit equlvalent io the cgs umt

of momentum density (dyn s/cmz)

The mornentum den51ty acquired by a flyer plate as a functmn of -
capacitor bank parameters may. be ea511y estimated by makmg certain
simplifying assumptlons. If it is. assumed that the circuit is a series .
R-L-C network with time invariant elements, the current and, conse-
quently, the pressure exertied on the flyer may be determined, If the

'mductance and resistance of the flyer are small compared to.those of’ -
‘the bank, the current is a damped sine functlon and is relatlvely unaffected, _
—by the motlon of the flyer. B '

Flyer motmn prlmarlly affects the inductance term in the equatlons. .

It causes an mcrease in 1nductance which limits the current and causes .

the natural frequency of the dlscharge to'decrease, At extremely high

- _current dens1t1es flyer heatlng causes a nonllnear res1s1:ance change, o



: C'omplic:at1ng the equations. However if the current has decayed suffi-
ciently by the time the flyer hag moved an appreciable distance, and if

~ the bank unpedance is sufficiently high, the parameters in the followmg

- equatlons may be con51dered to. rernam constant :

The magnettc flux den31ty in the region separating narrowly spaced
parallel plates carrying oppositely directed currents is essentially that -

~ of the infinte plate case if the spacing is small compared to the length and
_ ‘width of the plates. It is given as -~ S :

___B_udI Wb/m_ . S o (.1)_.
‘where u—47rx10 H/m

© 1.= Total current (Al)_'

d = Flyer width (m)

'.,-""*'-\;. R The 1nstantaneous pressure exerted on the plates tends {o separate them
S N -and is gwen as o R C L
: 2 . :
o 1 B -, 2
P-g o Nm®

. or, :by "substitutin'g-E_quat'ion (1) for B_; '

e

P =

N
)

__—_‘/”" .

e

The quantity magnetic pressure impulse, which is a measure of the
momentum density of the flyer, may be obtalned by 1ntegrat1ng Equatlon '
(2) w1th respect to tlme : S - '

M=f P{ydt o @y
LT e e s e e
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The current associated with the discharge of a capac1tor bank
through a magnetic flyer plate is typically the damped sine wave asso-
c1ated with a serles R- L C circuit: '

I= N exp( at.) sin wt . . (4)
_ Whei‘e
2L
and

.wﬁ/‘l.; Rz'
N L

R, L, and C are the series remstance inductance, and capacitance -

(assumed to be constant) and V is the initial capacitor voltage Substltu’cmg
“Equation (4) into Equation (2) yields an-expression for the instantaneous | _

pressure.. ThlS expression may be substituted into E¢uation (3) to obtam e
impulse as a functlon of time and the circuit parameters '

/v Y . ' ’
R (T) fewzmn ot wa o

- or

.- I A & 1 - exp(-2at) (v sin 2 wt-a cos 2wt)exp(-2at) +a ]
M) = 2\ wL ' a’ — g 2 _
0 8d” \"/ B T gy 2 | S
Whent = o the impulse is nearly at its final value,
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- ‘which reduces to

M= MgE N-s/m2 — ) L (7)
where
I
E= g CV

is the initial bank energy in joules.- If d is: expressed in centlmeters and -
the. permeablhty is that of free space, Equation (7) may be ertten o

M (_g_) ¢ 2POE yaps  (dyn-s/cm?)
a )" T g N -

Res_ults

If the transit time of the flyer plate is less than 2/a, Equatlon (6)
must be used to calculate the magnetic impulse. Examination of this

~e€quation shows it to be a monotonically increasing functlon The-initial

value is zero and increases toward the final value given by Equatlon (7} in a
qua81—exponent1a1 manner, Typical curves are shown.in Figure 2, It
should be noted that the magnetic impulse is normalized’ with’ respect to-

-the inverse square of capacitor bank voltage and the dlrect square of
' flyer plate width, : : : S

The transit time of the flyer plate, Wthh defmes the tlme scale of the -
experlment may be est1rnated from the equatmn :

S
v/2

t.=

| “where t is the tran51t tune, v/2 is the approx1mate average veloc1ty, and S
is the dlstance to the target Typmal fmal ve10c1t1es are of the order of -
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Figure 2a. Normalized Magnetic Impulse: Effect of Doubling Indﬁcta_ncé
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- - 0.05to 0.1 centimeters per microsecond, while the distance to the target .
- (') . is usually in the neighborhood of 100 mils, Hence, in comparing the curves
o ' ‘of magnetic impulse, one must focus attention on-times in the ne1ghborhood
of five to' ten m1croseconds : -

- _ Voltage and inductance are trade-off parameters in capac¢itor bank
« . . . design. Higher voltages yield higher maximum impulses but, because -
' they require more space between conductors, result also in a higher
inductance and a slower rise to the maximum value. Lower inductances
yield a faster rise but require a reducuon of space between conductors '
~and the use of a lower voltage.

_ Figure 2a shows the advantage’ of a lower inductance bank. Though
_ both curves rise to approxunately the same maximum value, the lower -
inductance curve rises faster and is at a higher level at an earlier time
~ than the higher inductance curve, The final value of the magnetic impulse,
however, is independent of inductance and proportional to the square of
voltage. . If, for example, the voltage for the higher inductance curve -
were increased by about forty percent, the curve would lie above the
lower inductance.curve after one microsecond and would have a final
“value twice that of the lower inductance curve. Thus the adverse effect . ..
of higher inductance may be overcome by a sufficient incr-ease in .'\foltage';'"} Lo

agele may also be rarsed by
shows ‘the result of a forty-percent
‘increase in capacitance with a lOO-percent increase in inductance. For
times greater than five microseconds, the 140- m1crofarad 1mpulse is
equal to or greater than the 100 microfarad 1mpulse. ~The final impulse
is forty percent greater : R -

The effect of varymg re51stance has not been stiown in the above

curves although it would have been more realistic to do so. Resmtance
is a function of frequency, i.e., is roughly proportional, as determlned
by the skm effect phenomenon, to the square root of frequency. Since

~ ‘the skin depth of conductors at the frequencies of concern is small com-
‘pared to the thickness of typical transmission lines and is of the same
order as typical flyer plate thicknesses, one would expect total resistance.
to be somewhat lower for lower frequency discharges. Thus the discharge .
associated with a higher 1nductance Should have the advantage of sllghtly
lower. re51stance.. : : o -



- Conclusions

A given amount of momentum may be imparted to a magnetlcally
. driven flyer plate ina short time most efficiently by using a fast, low-"
energy capacitor bank. The same momentum may be imparted ina -
comparable time, although less efflclently, by using a slow, high-energy
- bank.. The d1ff1cu1ty and expense of achieving the ultra-low inductance
required by a fast, low-energy bank may therefore be overcome by
using a slow, high- energy bank and settling for a 1ower degree -of eff1c1ency.
“This alternatlve will give equally sharp and ultimately greater 1mpulses
~ Thus it appears that; for flyer plate work, the choice of increasing voltage o
- at the expense of efflclency is preferable to that of attemptmg to’ achleve '
very low. 1nductance. - - '
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