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ABSTRACT

Two programs havebeen developedto aid in magnetically
driven flyer-plate analysis and design, Both programs,
FLYER and ANALQG, are digital programs, FLYER
operates on the CDC 6600, and ANALOG operates on the
GE time-shared terminal in AREA TII,
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- TWO-DIGITAL COMPUTER PROGRAMS FOR FLYER" PLATE--
CAPACITOR BANK ANALYSIS

I ntroduction

Two programsg, FLYER and ANALOG, have been developed to aid in magneti-
cally driven flyer-plate analysis and design. FLYER computes the performance of
flyers capable of producing a cosine surface load ANALOG computes the perform—-

ance of flat flyers.

ANALOG is composed of a master ;;rogfam, ANAlLGZ$, writfen by Generé.l
Electrie, and a flow diagram connection program, A15677, developed for flyer plates.
ANALGS$ is a d1g1tal computer simulation of an a.nalog computer. ! All that is neces-
gary to use it is to describe any time- dependent nonlmear gystem by mtegrodlffer-
ential equatlons. These equations are then put in a form sultable for solution on an
analog computer. A computer flow dlagram is then congtructed, and the information
from this d1agram is fed into the master program. A derlva.tlon of the flyer equa-

tions and dlscussmn of ANALOG is glven in the followmg sectlon.

FLYER is a straightforward circuit solution of a multiloop circuit, represent-
ing the flyer, connected fo an RL.C circuit, repregep_ting the capacitor bank., The
program accounts for the.nonlinear inductance dﬁé fo ﬂyer inotioh, bﬁt it neglects
any resistance charige due to heating. A derivation of the circuit equations, re-
quired inputs, outputs, and how.to uge FLYER ig given in the final section of this

report. o

1Fo:z' operating details of ANALG$, refer to GE publication, ''Analog Computer
Simutation, " X807233,



ANALOG

The master program, ANALGS, is not discussed here since its use is well
documented by General Electric, The flow diagram program, A15677, will be de-

rived, and several example probiems will be explained to illustrate use of ANALOG,

The integrodifferential equations that govern ﬂyer motion and heating are
readily derived from the circuit model shown in Figure 1 and elementary field

theory. The circuit equation for the model is obtained by summing voltiages.

di(t)

LB dt C o

1t d ‘
+ RBi(t) + -—]; f i(rdr + RL(t)i(t) + a-F[LL(t)i(t)} 5 v o, | (1.)
A :

where all quantities are defined in Figure 1, .

. LB Malﬂ Bank Switch CB = Bank capacitance
TV —AN o . LB = Bank inductance

C I By RB e ' RL(t) : Rp = Bank resistance
Brs Vo /) L1,(t) = Load inductance
b VL(-t) Ry () = Load resistance

- Crowbar
Switch

V, = Bank voliage
‘ i(t) = Load current
LI_. (t) V1.(t) = Load voltage

Figure 1. Circuit model of ﬂat‘ﬂyer and capacitor bank

To put Equation (1) in ana.log computer form, it is hecessary to-solve for the

highest derivative, di{t)/dt. Equation (2) is the resuli:
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The load voltage, VL(t), is found to be

v (1;) R (t)1(t)+d/dt[L (t)l(t)] T (3)

In Equatlons (2) and (3) the load 1nductance and re51stance are functlons of
time, These functions can be derived if one makes several assu:mptlons. Assummg
that the specific heat, Cp, of the flyer does not change and that no energy is radiated,
an upper limit on the resistance can be derived. Equating the eleetrical' power,
iz(t)R (t), to the time rate of change of thermal energy, mC [d(T(t) - )/dt:l, where
m is the mass of the flyer T(t) the flyer temperature and TR the reference tem-

perature, one obtams

d(T(t) -T ) |
R/|_ .2,..
mcp[ & ]'1 OrR® . @

The temperature of the flyer is related to the resistance through the coefficient of
resistieity, dpe o ' ‘ '
R ) - R

RLR

Can T e e o .' ' (5)
R T(t): TR. _ ‘ _

LR

where R o is the flyer reference resistance,
Solving Equations (4) and (5), one obtams the- functlon that relates the load

resistance to the current in the c1rcu1t

R, .o tz'-
i(rdr

R (®=Rge .= ° e " (6)

The relatlonshlp of load 1nducta.nce to current can be derived from field theory.
The mductance of the flyer c011 assembly, as plctured in F1gure 2, is glven by Equa—
tion (7) ' o



L = [upﬂ/w s_(t)] . | (7)

where Ho = 1250,6 'nanohenries/m, £ and w are the flyer length and width, and s(t) is
the flyer-coil separation, To find s(t), one must integrate the velocity of the flyer,
v(t). From elementary field theory, the pressure, p(it), acting on the flyer due to

the current flowing in the flyer and being returned by the coil is

)2

| . (8)

1 i(t
plt) = 5”0[_\;“

The velocity can readily be found by equating the force to flyer mass times accelera-

tion, and integrating., The resuliant equation is

[ ot '
v = —2 [ Fmar, (©)
2pTw "o

where p is the flyer density and T is the flyer thickness. For composite flyers, a

summation of the corresponding p's and T's must be used,

‘Current Flow S—_ .
Current Flow

Figure 2, Flyer-coil assembly

Equations (2), (3), (6), (7), and (9) are the equations which govern the flyer.

A flow diagram representing the above equations can now be drawn., However, with



capacitor banks, another variable Sometimes enters the prbble'm--c'rOWbarring On
high-inductance 1oads the peak to-peak voltage on the capac1tors may exceed the

manufacturer's rating, If this occurs, it is necessary to short the capac:1tor ba.nk

for protection against the high reversal, To accompllsh this in the flow dlagram it

is necessary to suddenly change Equation (2) at crqwbar time, Tc' to simulate short-
ing the capacitor bank., This is accomplished by .dropping the bank resistance, induc-

tance, and capacitance terms.  Equation (10) results:

: [ dLL(t)]
ity | RL(’E) + i(t)

= (10)
?
dt I._.'L(t) N .
with the initial condition on the load cu'I"'rent,r iL'(t),
i Ty =i (T . . - o | (11)
Lt TR e - _ '

Figure 3 shows the flow diagram_thaf SO];V_e_‘Sithé flyer equatioﬁs with the option
of crowbarring the bank. The derivaﬁion of this flow diagram is _str'aightferward with
the possible exception of the crowbar section blocks 6%, 68, and 79 W:Lth rela’ys 21,

66, and 72,

~ Blocks 68 and 79 dare constant blocks. Numbef 68 :'ee't to a -1,0, cauges the
integrator, 67, to start countlng down to zero from its initial condltlon, ’I‘c ‘ When
the integrator's output is zero, the relays. operate and sw1tch from the normally
closed position to the norma.lly open positien, which connects block 79. Block 79,
containing zero, removes the desired ql_lant,ltles from, Equatlop- (-_2 )_,;5__y1elding Equa-

tion (10).

The flow diagram also allows the option of eiiminating‘the—time;d_ependent

resistance. This is done by setting oy 10 zeros -

Table I lists the inputs required for the flow diagram, A15677 was written so

_that it operates in the noﬁcrowbarred fixed load resistance mode, unless instructed

otherwise, To use thls mode, it is necessary to list only the data hsted as Required

in Table I. To operate in the crowbarred mode, one snnply 1nputs the crowbar time
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into block 67,

give the appropriate data for blocks 70, 73, 74, and 75,

To select the time varying resistance problem, one is required to

' TableVII lists the most use-

ful data available from the program with the block numbers where each is available.

All input data must be supplied in MKS units. Also, the program operates in and

gives all output data in MKS units,

Block Number

TABLE I

Input Parameters for Flow Diagram, A15677

Parameter

15
20
55
40
60
63
67
69
70
n
73
74
75
76

Inverse Capac?tance; 1f CB
Bank Voltage, VO

Velocity Multiplier,i fu-OI,ZpTWZ
Inductance Multiplier, uoﬂ. Fw

_ Initial Load Inductance, LL(O) .

Bank Inductance, LB
Crowbar Tlme TC

Imtla.l Load Resa.stance, R (0)'

Inl_tlal Load Resflstance
Bank Resisfance '

Coeffmlent of Re51st1v1ty, an

_Mass of Flyer,
Specific Heat of Flyei',' C_p
Initial Spacing, s(0)

Spe cial Instructions

Require'd

" Required

Required
Regquired
Required
Requlred.

C rowbar Only

Requ1red

' Time Varying Remsta.nce Only

Requ 1red

‘Time Varying Reéistance Only
"Tim‘e Vé.rying R'es'i'sfanCe Only

T1rne Varymg Resmtance Only

Requ 1red

Appendix A contains the listing of A15677 and three sample prog'réms.
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TABLE II

Useful Output Data

Data - Block Number
Current, i(t) 10
Capacitor Voltage, Vo(t) ' ' 20
Flyer Velocity, v(t) 35
) Flyer Displacement, s{t) 76
Load Resistance, RL({:) 69
Load Inductanbé, LL(t) 60
Load Voltage, VL(t) . 62
dL. (t)/dt _ 40
FLYER

After ANALOG was ;Nritten and in use, Division 7342 requested that an exist-
ing digital program be modified to account for the nonlinear inductance of the flyer.
The existing program, obtained from EG&G, did not allow the current to vary from
an assumed damped sine wave, FLYER, the new 'program, makes no assumptions

about the current waveform; it allows the circuit model to determine the waveforin,

A stairstepped flyer is shown in Figure 4, with the circui‘t model shown in Fig-
ure 5, The flyer equations that were derived in the 'previous section are valid for the
stairstepped flyer, if one uses the correct value of current., Each section of the flyer

sees different pressures gince the current is varying from section to section,

Flyer Sections

Fig;ure. 4, _ _ | |__ o

A stairstepped flyer /

Current ”

; =

Current

12



Main Bank Switch

Q
N
/1

Figure 5. Circuit model of a stairstepped flyer-~-
capacitor bank setup

Assuming that one can calculaie each Ri and Li’ the circuit can be reduced to

a simple RLC circuit, This is done by combining the sections of the flyer to get an

equivalent flat flyer. The equivalent inductance and resistance are -

4 RE®+1M 7
and

L = M (13)

eq ] ? Aahis
RE™ +IM

where
- n R )
1 -

RE = —_, - (14)
2T
i=1 71 i :

and

- n -le o

i=1 i i

- 13



where each Li and Ri may be functions of time, and w is the instantaneous radian

frequency.,

The program makes use of the complex function, CMPLX, available on the
CDC 6600, so that no terms are neglected, This was not the case with the EG&G

program; Leq was dropped from all éalculations.

One now must consider ea.ch-Li and Ri and the determination of the instantane-
ous radian frequency. The inductance of a section can be found by applying Equation

(7). Therefore,
L = 1 8;®) [ﬂilwi] ; (16)

Since there is no current flowing at the first instant, the fotal inductance is computed

by Equation (17},

_ 1 ,
Leq(O) = (17)

Zn: 1
T..(0)
=1

Using Equation (17}, one may define an initial frequency, w_» a8

1
ay = )
o V‘Le q(0) +Lg)c Cy

(18a)

where CB is the bank capacitance and L ig the bank inductance. In general, instan-

B
taneous frequency is determined using Equation (18b),

1
w = -
‘Wbeq(ﬂ +Lg) e Cq

(18b)

Using Equations (18a) and (18b} as the value of o, the resistance of each section
can now be determined using skin depth theory, provided that the flyer current is not

skin depth limited,

14



(" To determine if the current is skin depth limited, the skin depth, 8, must be
computed and compared to the actual flyer thickness, TF' For sinusoidal excitation,

the skin depth is

5 = g— . | | (19)

where 8 is given by Equation (18b) and ¢ is the conductivity of the flyer material, It
can be shown that the difference between the skin depth for damped sine waves and
sine waves is approximately 10 percent, with the damped wave having the greater:

value,

Usi'ng § as given in Equation (19), the resistance, Ri’ is found by
R = —— (20)

provided that T > 6, For TF <8, the value of R, is computed using the standard

F
registance equation,

) i . ' . ,
B, = ——p— . | (21)

Equations (12} to (21) enable one to determine the flyer inductance and resistance as
functions of time and the instantaneous frequency. Once these are known, the circuit

equation can be solved, The circuit equation in terms of charge, q, is

GRp + %(QLT(f)) +q/Cy = 0, | o '. o B 1)
where
Rf%%;-_*’ Réq . : | -'.:_(2.13.)
() lLT(t) = Leq(t) *Llp . | o .'(Zlb)

15



where RB is the bank resistance, and § is the current. The initial conditions on (21)

"are

q(0) = CLV | ' (22a)

4o =o, (221)
and

LT(O) = Leq(O) + L (22¢)

B 2
where VO is the voltage. The current at time tl, obtained from solving Equation (21),

iz the total current flowing in the circuit. The current in the Kth element of the flyer,

c':lK(tl) is found by Equation (23),

G (b)) = alt V2 ) 12 (t)) ' (232)
where
Z)) = Req(tl).+ Ry + jw(LB + Leq(tl)) s (23b)
and
Zyglty) = Ryley) + Jolt Ly () o (23¢)

The current in each section can then be used to calculate the velocity of each section
at time tl. The above equations were used to write the new program FLYER, The
program was written by R, E, Domres, 9422, with inputs from R. A. Benham, 7342,

J. L. Cawlfield, 7342, and W. K. Tucker, 7345,
Table IIT lists the inputs and the units of each that are in FLYER. TableIV

ligts the outputs and the units of each that the program gives. Appendix B illustrates

the format of flyer with a sample set of input and output data. For the data listed in

16



;" y Table III, some special consideration must be given to Ifems 12 and 13,/ For Item 13,
the distance information is the actual distance from the coil to the flyer. The internal
inductance is calculated in the program, and it is not necessary to include a correc-

tion factor for this.

TABLE III

Required Inputs and Their Units for the Program FLYER

Number of sections of the flyer,

Integration step size in microseconds.

Print internal in microseconds.

Print stop time in microseconds,

Bank capacitance in microfarads.

Banl inductance in nanohenries,

Bank resistance in milliohms.

Bank voltage in kilovolts, : ‘ :
Conductivity of the flyer and the coil in reciproecal ohm-centimeters.
Density of the components of the flyer in grams/cubic centimeter.
Thickness of the components of the flyer in mils,

Width and length of each section in inches.

Distance from the coil to the flyer in mils at each section, -
Separation of the coil from the test object in mils.

O D0 =1 O WD
.

= et e e
s G N = O
a & = = =

+

"It desired, the wings of the flyer can be fixed by having a variable
density at those sections, ' o o S

TABLE IV

Quiputs and Their Units from the Program FLYER

i, Total circuit current in megamperes at time t; in microseconds.

2. Velocity in millimeters/microsecond, impulse in dyne-second/
centimeter squared, and distance from leading edge of the
flyer to the coil in mils at each section. - - '

3. Time of arrival in microseconds and velocity at time of arrival of
flyer at test object at each section, '

For conical shapes, the width for Item 12 is the actual widih of the flyer at the

point where ﬂ_yefff performance is to be evaluated. The length for .It'eifn 12 is the

- '“) equivalent length of a re ctangulai' shape. This 1engfh_ is detefmine'd By eqﬁating the

17



inductance of the actual tapered section to the inductance of assumed rectangular

section. Equation {24) is used to calculate the equivalent length, 'Qeq'

P = ——— fIn —, (24)

where Wo and W, are the widths of the tapered section, £ is the length of the tapered
section, and W, is the width of the assumed rectangular shape, which is equal to the

actual width at the point of interest.

Conciusions

FLYER is a much improved flyer plate design tool. The EG&G program was
limited in that one had to guess at a design, build the flyer, and fire the bank to get
a current record. With FLYER, one still has to guess at a design; but then FLYER,

" using known bank parameters, compuies the performance, Additionally, the output

data format has been improved for easier reading.

ANALOG is a design tool for use when first designing flyers. An equivalent
flat plate model is designed, and then ANALOG is used to predict performance as
well as computing bank behavior. The crowbar feature allows one to see what effect

this will have on the flyer performance.

18
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~ APPENDIX A

A15677 LISTING AND SAMPLE PROGRAM
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A15677 LISTING AND SAMPLE PROGRAM

Table A-I lists the program Al15677. Tables I1 through IV contain the three
sample programs, Figure A-1 illustrates the use of the plotting routine available on

the time shared terminal,

The sample program in Table A-II is a noncrowbarred fixed load resistance
problem, Table IIl is the same problem with the load resistance allowed to vary.
To accomplish this, it is only necessary to give the time-vé.rying registance data
gince the remaining data is stored in the temporary file, Table A -1V is again the
same problem but with the addition of a crowbar. It is only necessary to supply the

crowbar time since all other input data has been retained in the temporary file,

Figure A-1.contains a plot of the current, velocity, displaéement, and load

voliage for the crowbarved, variable load resistance problem,

TABLE A-I

Listing of Flow Diagram Information for A15677

A15677 98302 03727770

10 10,1565,0.0 64 642+3602646,0 ’ - 85 1020.0.0
15 1526G,10-,0:0 ) . BS 655725156450 . .90 15,0:0,0
20 20s1215+020 66 662R26T263,79 _ - 95 2050+0.0
21 212Rs67220+79 67 6721:68,0,0 100 30:0,0,0
25 25,X210,10,0 68 68:K,05010 T 105 35,0.0.0
30-30,152550,0 69 692G2T782020 : i 110 40.,0,0,0
3% 35,G530,0,0 T0 702,G230,0,0. - 115 60,050,0
40 40:G235,0:0 Tt 7T1,G510s0,0 _ _ 120 63,0.0,0
45 452X540,10.0 12 722R46T2T1579 © 124 69,0,050
46 462+ 24525672 ’ 73 732G570:0,0 o 125 70,0.050
S0 S50,+,2124620 T4 TdsK2020.0 ] 126 73505050
51 S512-550.0,0 75 75+G2T745050 S 127 T421.0.0
56 56+X210269.0 ' 76 16»1235,0,0 128 755112050
60 60s1,40,0.0 : 7T 173757357520 o 130 71,0,0:0
61 612X260,6550 . .78 TBaE»TT72050 ) .140 76205020
62 622+545:56261 79 7T9:K»020,50 145 79,0,050
63 632K2020,0 80 02050+0-0 : 150 6751+020.0

155 685-140,050

21
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TABLE A-II

Noncrowbarred, Fixed-Load Resistance Problem

ANALGS 08104 03721/7Q

FILENAME=7A15677
C@NFIGURATI®N DESCRIPTION C(YES @R N@)?NO

CMMAND ?START /BL/PARA

INTEGRATI@N ENT.sPRINT ENT+sTIME=?+05E-06s+2E-0621+0E~06

BLOACK - PAR1»PARZPARD=715, .21 1B4E+04,040
BLOACKsPARI ,PARZ2.PARI=220s +33E+052040
BLRCKsPARI»PAR2sPARI= 135,431 7TE-06+0.0
BLBCK-PAR1sPAR2,PARI=240, +J12E=05+0+0
BLOCKsPARI sPARZ2:PARI= 760+ 4159E-0Bs0+0
BLOCK»PAR1sPARBSPARI=?635«215E-082040
BLACK »PAR1PARZ»PARI=?69,+ 12E-02+0,0
BLOCKsPARI2PAR2,PARS=271248E~03,0,0
BLOBCKsPARIL»PAR2,PAR3=?76,4+51E-03,0s0
BLBCKsPARI 2PAR2,PAR3%20:0,020

PUTPUTS-AUT]»0UT2.0UT3+BUTA*210+35+ 76262

© TIME BUTPUT 10 BUTPUT 35 BUTPUT 76
. Q. 0. 0.51000£~03"
«20008-06 -0.16761E+07 0+60993E-01 0.51000E-03
«4000E-06  ~031421E+07 0+448TEE+00 0.51005E-03
«6000E-06  =-0.44430E+07 0e13827E+01 0.51022E-03
+B0DOE-06  -0.53092E+07 0.29701E+01 0.51064E-03
+ 1ODOE-0S  -@.63563E+07 0.52192E+01 0.51145£-03

TABLE A-III

COMMAND ?START /BL/PARA

INTEGRATIAN INT+sPRINT INT«2TIME=?.05E-06+.2E-06+1.0E-05

. BLOCK»PARI »PARZ,PARI= 270+ + | 2E=02s0,0
BLOCKsPARL s PARZ »PAR3=7734 « 395E~02+040
BLOCKsPARI »PARZ,PARI=TT 45 + S6E*012040
BLACK »PARY »PAR22PARDIS 7751 + 3854E+0320,0
BLACK sPARI +PARZ,PARI=10+0,0.0

QUTPUTS-QUTL»QUTZ2,BUT3s BUTA=?10s35276269

TIME BUTPUT 10 BUTPUT 35 JUTPUT 76

- 0. 0. 0+51000E-03
+2000E-06 -0«16761E+Q7 0.609Y3E-01 0.51000E-03
+4000E-06& ~031619E+07 0-44875E+Q0_ 0+51005E~-03
«&6000E-06 ~D 4441 3E+07 0.13822E+01 0«51022E-03
«B000E-06 ~0«553031E+07 0.29673E+01 0+51064E=-03
-0+63403E+07 0+52085E+01 T 0«51145E-02

«1000E-05

BUTPUT 62
~0+14029E+05

-0-14693E+05

-~0«14813E+Q5

~0+14694E+05
=0+ 14279E+05

~0+13610E+05

Noncrowbarred, Variable-Load Resistance Problem

BUTPUT 69
0. 12000E-02
0«12005E-~02
0.12037£~-02
0.12115£-02
C+1224%E-02

0«12441E-02

(
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TABLE A-IV

Crowbarred Variable-Load Resistance Problem

COMMAND ?START /BL /PARA

INTEGRATION INT«sPRINT INT+sTIME=2.09E-06,1+0E-06s4.0E-06

BLACKsPARI»PAR2PARI=T?4T,2+8E~05202U

BLOCK:PAR] +PAR2,PAR3=20,05050

QUTPUTS=-0UT1,QUT2,8UT3,2UT4=210,35,76,21

TIME
+ 1000E-05
+2000E-05
+ 3000E-05

+ 4000E~05

@JTPYT 10

O
~0+63405E+07
~0«73156E+07
~0«4419BE+07

-0.17497E+Q7

guUTPUT 35

[V

0.52085E+01

0.21890E+02

0+34023E+02

0.356825E+02

AUTPUT 76
0+510008-03
G+51145E-03
0.52465E-03
D+55351E-03

Q«58935E-03

JquUTPUr 21
0+ 330J0E*US5
0«233556E+05
O+ 10004E+0Q5
O

Qe

COMMAND TPLOT

NUMBER ©F BLOCKS IN PLAT=?4

CeMMAND ?START /BL

INTEGRATIBN INT+sPRINT INT+sTIME=?+05E-06s+2E-06+10.0E-06

BUTPUTS-BUT1,0UT2-0UT 3, QUTA=210235,76,21

BLOCK SYMBOL LEFT RIGHT INCREMENT
i0 + =0+7521%E+07 O D412536E+06
as * [ 3% Q.3TITIE+D2 0+6229BE+00
16 X 0+51000E-03 0.81329E~03 0+5054%E~05
21 ) ~Q+9239E+03 0.+ 33000E+05 04+56540E+03
TIME Fosssessavlocosnsnseloncasnanrlocscncnse Iesasscsaslvnnvennsel
. - & i . +
. + '
. K% * %]
« K ¥ * 2
. X * + ]
« K *+ @
« X + * ]
+ * 2]
. +K * -]
. * X a *
«2000E-Q5- +X -] *
. + ] *
X +@ *
8 X + *
. B X + *
. ] X + *
. 5] X + *
. "] X + "
"] X + *
- 2 X + *
+4000E-05~ ] X + *
" a X + *
. ] X * *
"] A + *
a x + *
v "} X + *
. 2] X + * .
. -] X . + *
. a X + %
. ] x + *
+6000E-05~ @ ) *

Figure A-1,

Plot of Current, Veloc-
ity, Displacement, and
Load Voltage for the
Crowbarred Variable-
Load Resistance
Problem
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Mo

FLYER FORMAT LISTING

Table B-I lists a sample set of required data for FLYER and the necessary card
order for insertion in the program. Table B-II illustrates the tabular output data

available from FLYER,

Figures B-1 through B-6 illustrate the six plots available, Figure B-1 contains
the plot of total current versus time and is used to compare éomputer results against
integrated di/dt data. Figures B-2, derivative of the inductance, and B-3, instan-
taneous radian frequency, are used for checking capacitor bank-flyer plate perform-
ance, Figures B-4, velocity at each section versus time, B-5, velocity at each sec-
tion versus digtance, and B-6, flyer distance versué time are used for flyer plate

design,
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TABLE B-I
Sample Set of Input Data Required for FLYER

(Card 2}
COPPER FLYER RUN 15000

{Card 1)
HUMRER DZLTAH DELTAL TAUSHY -
10 21400 1.0a0800 S0.64090
(Card 3} ‘
CAPACITANGE INNDUCTANCE RESISTANCE VULTAGE{DY SIGHA CoI
{HICRO~-FO) (NAND-HEN) {MILLT=0HMS} (K=y0OLTS} (1/0HM=CH) “
4,72000E+02 2.20G600F+00 6. 0000CE~DY 1.65000E+0L 3.76000E+05
(Card 4)
RHOLGC) RHO{S) THICK (C) THICK{S) SIGHA FLYER
{GCM/CHD) LGMICNTY (MILS} {MILS) (1/0HM~CH)
A,BA000E+1a ?.70006E+00 44+ 20000E+01 Ja 5.82090E+D5

(Cards 5, 6, .,., to Complete Data for N Secticns)

WIDTH LENGTH DISTANGE SEPARATION DENSTTY

(INY {IN) {MILS) (HMILS) (GMsCHIY
7.50000E-G1 8.80000E+00 1.40000E+51 1.25000e+02 6.d900DE+0Q
T.70000E-01 4.00000E+30 1.50000E+81 1.250008+52 5.89000E+0D
3.7P008E-51 R.0G0GEE+DD 1.60000£+0¢t 1.2580405+02 A.89000E+00
2.70000E-01 6.,000005+00 1.75005E+01 1.2500G4E+02 2.990G9E+00
F.70000E~-01 A.00000£+00 2. 00050E+0L 1.250G0E+02 A.89000E+30
3.700p0F-01 2,00300€E+08 2.30000E+01 1.25000E+02 899000 E+00
3.70000E-01 A.00000E+480 2.60D00E+81 1,25000€+02 A, B9B000E+QD
3.7000GE-01 8.00000E+00 3+10000E+01 1.255005+92 8,390G0E+DY
3.70N00E=012 B.DB000E+0D 3.,800D0E+01 1.25000E+02 A.290QDE+00
3.7040NE-D1 R.00000E+00 4, LOQ00E+DL 1.25000e+D2 A,.89000E+00

NOTES: Computer printout reverses Cards 1 and 2,
All cards are repeated for each run desired,
Last card is blank,

TABLE B-II
Sample Set of Output Data Required for FLYER

TIME CUZRENT € VELOGITY THPULSE  TOTAL OISTANGE CAP,VOLTS
(U=SFC) 1AMPS) (MH/U-SEC)  {OYNF-SEG/TH2} LHILS} (RVOLTS)
n.ono 0. L 1.000£=55 a. 5.600E401 1.650E401
2 1.000t-55 5. 5, TH0EY D1
3 1.009E-55 0. 5,300E+01
“ 1,000E~55 0. 5.950E+01
5 1.000€-55 0. 6.200E401
6 1.000E-5% 0. 6.5G0E+0L
b 1.000E-55 0. 6.800E+0L
8 1.000E-55 0. 7.300E+01
9 1,100E-55 o, B.000E+ 0T
16 1.000E~55 0. 8.600E+01
L.000 ~4.14GE+06 1 1.732E~-02 Lo643E+03 5.619E+01 1.163E+01
2 1.605E=02 1.522E40% 5.7LTE+OL
3 1.490E-02 1.413E+03 5.816E+0E
y 1.3388-02 1.269E403 5.964E+ 01
5 1.13DE-02 1.07LE4D3 6.212E+01
6 9.3526-03 5.870E+02 B.SLOE+OL
7 7.853E-03 7 L4TEFDZ 6.B08E4 01
8 6.0306-03 S.719E402 7.306E+01
9 4. 364E-03F 4. 139E402 8.005E+01
10 3. 424E-03 3.247Es02 8.B0LE+ 01
SECTION  MYLAR SPATING (HILS?  ARRIVAL TIMECU SEC)  VELOCTTY (MM/USEC)
1 14,860 13,945 168
2 15,408 14,357 o154
E: 16,908 14,763 ‘148
4 17.500 15,359 160
5 24,000 © 164317 .128
6 23.000 17404 e o
7 26.000 : 1,419 .103 ; )
8 31,000 19.922 088 : e
9 38,000 714541 .72
10 44,000 2z.391 -~ 060



AMPS

TOTAL CURRENT

s
.. 3.000X10 o

| os
2.000X10

o8
1.000X10

)
<1,000010

]
 ~2.000x10

o8
-3.000%10

o
-4.G00x10

 oe
-5.000X10

-8,000%80 o8

COPPER FLYER RUN 15000

10.0 20.0 30.0

TIME U-SECS .

Figure B-1., Total Capacitor Bank Current Versus Time
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OHMS

LLOOT

«0001480

0001200

+G001000

-0000800) -

- DDDD&DO

COPPER FLYER RUN 15000

T

- 0pRD4G0

-00pD20g

RO P8

-0

]

30

i0.0 B0\ D

TIME U-SECS

0.0

Figure B-2, Derivative of L.oad Inductance Versus Time
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"OMEGA

1/U-SEC -

COPPER FLYER RUN 15000

006
.800 \
SHEAY
N A
-
- N
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Lol h N
L] N
N
™
800 -"N;
M,
|
a —
i
.800
o 10.0 20.0 36.0 40.0

TINME U-SECS

Figure B-3, Instantaneous Radian Frequency Versus Time

31



MM/U-SEC

VELOCITY
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COPPER FLYER RUN 15000

o

Figure B-4, Flyer Velocity at Each Section Versus Time
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COPPER FLYER RUN 15000
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-Figure B-5., Flyer Velocity at Each Section Versus
Ilyer Displacement at Each Section
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MILS

DISTANCE

COPPER FLYER RUN 15000
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Figure B-6. Flyer Displacement at Each Section Versus Time
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