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PRELIMINARY ANALYSIS OF HEATING EFFECTS AND
VELOCITY RESPONSE OF MAGNETICALLY DRIVEN PLATES

A.  INTRODUCTION

The structural testing facilities of Kaman Nuclear include
three rather large scale capacitor banks which, individually, are
capable of driving pfactical size plates by magnetically genefated

‘forces. It is currently envisioned that each of these banks may

be used for an assortment of input tésting technigques. In order

to assure a judicious choice of experimental inputs (capacitor

voltage, flyer type, initial flyer separation distance, etc.) on

any particular problem, it is necessary to develop a theoretical
model(s) which will be able to predict at -least some of the response
behavior ¢f the capacitor-flyer system. This report describes the

initial steps taken to accomplish this goal.

The mathematical proceéedure to be outlined in the next section

"will be restricted in application to flat, thin flyer plates. The

" thin requirement implies that gradients across the plate thickness

will be ignored. Both of these restrictions are rather severe and
hopefully, they will eventually be removed. At present the judgment'
of the accuracy of this model can only be made by comparing its

- conclusions (i.e., flyer velocity, flyer heating) with experiments,.

In Section B, the physical prbblem will be translated into a.

mathematical framework. Section C will consist of a discuésion:of

the numericél_solution technique, a detailed listing of a related

- “Fortran computer program, and a sample problem.

B. 'DEVELOPMENT OF MAGNETIC FLYER THEORY

This discussion is divided into two distinct phases. The
first. phase delineates the model for simulating the fields,
currents, and forces between two current carrying parallel plates.
The second phaée is concerned with incorporating the parallel

fplate element into the capacitor bank discharge circuit, and

performing a circuit response analysis.
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In phase I the starting point can be 2z standard representatlon
0of the electromagnetic vector potential (A) at any field point
due to a steady state current den51ty J at other p01nts. This
representation 1s ‘

(wo/amy [ 34 | o m
. T ' : :
: ;where‘uo = permeabilit& 6f free space
T = volume of all space contéining current
r = distance from-soufce point to. field point

For a thin infinite sheet oI spacxally uniform current, the K

| can be found rather easily. First let

-
1x = unit Vector in x- dlrectlon .

~and con51der the coordlnate System shown in Figure 1.

: Figure 1
Integratlon of (1) over the current sheet can be accompllshed in

yllndrlcal coordlnates. The a field at any p01nt on the z-axis
is : _ _ _
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E can be found. from K by the standard relations

+d/2 .27 Ry

(3

'“0 - ™ L ’
A= Gugram 5 I, [ 77 [T [ 7 B4R do gz
| . -d/2 0 0 VE? + 22
R R A b B N 2

where Ry is an extremely large radius.

The A field in the nelghborhood of two parallel plates can

_ be found by superp051t10n. Let ‘the upper plate 001n01de with -

the plane z=0 and jts current den31ty by j 1 ; and let the 1ower'
plate c01nc1de with z= -D and its J -j lx' Then

R (z) = (g 3 d/2) (}z + D - 2T S (5)

Equation (5) implies that A is independent of z in the volumes

above both plates or below both plates. Between the plates

B2 = (g 1) (z+0/2) T, | ®)

The magnetic induction vector ﬁ and the electric field intemnsity

L3

B = curl E S ._' - - (M
- E Y _ _ AR _(8)_

Therefore, between the plates -

. an _ _ . o ) .
Boly sz = (e dd) | @
E=--2 (i a2 (22 + D)) T - (20)

~ and E (O),_i-(—D)-can be evaluated to deduce the voltage across
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the platea (assumxng gg << speed of light)
- § T -d{ﬁ=muo-bd 2. (DJ) _ o (11)

ThlS relationshlp (11) can be the voltagemcurrent law for the

..parallel plate element in an egternal 01rcu1t ‘when the J is

replaced by the full current on the sheets (1)

i=bdj - | | a2y
- b = width of’sheets | . o
€ = —(u L/b) (D) , _ L (13)

2....@...,_, ) .' R | =
3T (Lp i) if Lp Mot D/b

- The last step in phase I is concerned with the mébnetic

' force exerted on one plate by its parallel counterpart The

Lorentz law can be used.
F=idixB | e

¥

]

total force on plate

%

2~The B field in (14) is the B on one plate due to current in the
other. Thus on the lower plate

B (-n) (hod d/2) i
“”dzy=m;ix'dx -
and”then'

F=-(uot/om 121 sy
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Eguations (13) and (15) give the voltage across the parallel
plates and the force between the plates as a function of the tetal
current. '

_ Phese 11 can now be started. Consider the.eircuit'diagram°
in Flgure 2.

Ry ' Ly . R, L,

rvrye fgeey s CiEt
) L j};ﬂg
c 4 -
T 3 R, é
( switch 1
Figure 2

The subscripts on the symbols for resistance (R), 1nductance
(L), and current i are 1 for loop 1 line quantities, 2 for 100p
2, c¢c for the L and R in the "crowbar" switch line, and p for '

“parallel plate variables, ThlS is a straight forward series

circuit except for the crowbar line which is switched in at

some specified time after the start of the capacitor discharge,

The parallel plate element has a nonllnear relatlonsh1p

_between £, i, and D when D is allowed to vary during the course.
- of the dlscharge; Thus the more simple methods of circuit
apnalysis (i.e., Laplace transforms) are not useful, and a finite_

difference approach is necessary, The governing circuit equations
corresponding to Figure 2 will be formulated in terms of first. .

order derivatives in order to facilitate this finite differencing.
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Before the crowbar is switched in at time (&) = t,, the

sum of the voltage arouad the simple circuit is zero, Mathe~
matically this is stated by '
a/c + (L }L')-g-j-‘-ﬂw-(R +.R"+I.%)i +qr (Li) =0 (16)
Voot Ly * ho) gy v (By + Ry + R at (pt) =0
where

q = charge on capacitor
C = capaéitance of bank

. Equation (16) has 4 implied unknowns (q, i, D, and %%) and thus

3 more equations are necessary to start a numerical procedure.
These are

g‘g . . . . .
dt ~ ? | an
dD _ R _ - '

vt p}ate v91001ty =V | - {318)
dv _ force on plate _ Mot .2

dt ~ wass of plate (i) = THM * (19)

L3

‘Before solution,,equationf(lﬁ) can bevrearranged to a symmetrical

form,

g%j?_{q/c +’(Ri.+732 + Rp)i + (uo&/b)vij/(Ll + L2-+Lp) (20) ::_

~Since Equatidns (20), (21) are already nonlinear, it requires

very little additional effort to allow all the resistances to
vary with totalzheat generated in each., A way of formulating _

‘this behavior is to assume a lineay dependénce of resistance on
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déposited energy. For example let

| Ry = Ryy + g, E, (21)
where : i
) , t . 2 . : ’ .
E, - j 1% »y at | (22)

gy = résiétance/energy coefficient

Ryy = initial resistance

" The E, is a measure of time dependent temperature of the re-

sistor. All eguations are now complete except for a listing of the

1n1i131 conditions of the dependent varlables. These are

q(0) = ~Q . (23) -
i(0) =0 | | (24)
v(0) = 0 S - (25)
D(0) = D, - - C (26)

Equations (17) through (20) will be finite differenced in

Section C. : -

After the switching time (ty) a new set of similar equatlons

with new 1n1t1a1 condltlons must be. ‘solved, Flgure 2 shows two

loop Cerents (11, i ) and Kirchhoff's 1aws supply two 1oop

‘equatzons These 1oop equatlons can be Wfltten

di, di _
o . ..._.!'. “+ ____% = g ’ ' ' :
11 dt” 12 dt” 13 _ \ _ (27) .
di di ' -
o1 2 _ : . ,
Y21 @ tf %ea @ T %3 o | (28)

23

with
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Ogg = LZ + Lp f Lc
Oqg ~ -q/c - (Rl + Rc)il + Rclz
Aoy = R iy = (R2.+ Rpr+_Rc + gt v/b}lz

The derlvatlves in (27) and (28) can be 1solated by solv1ng two
equations and two unknowns.

o Wy Gyq gy G Oyg ey
S - At ayy Ggp T Ypy %y B
di; %33 %y (“11 %93 ~ %51 %13 @0j .
G oay gy \Byq Ogp - Op O, |

and the other 3 equations are similarly

dg _ | .
at 1 (31)
E% = (uoa/zbm)l 0 - - (32)
2=-v | (@3

Initial conditions for this problem are

(t ) = 1 (t Y o= i (t )

q(t), v(t) and D(1) continue from previous values.
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Thus, the governing circuit equations are specified and
available for numerical solution. . ' '

" C. NUMERICAL ANALYSIS

The s ets of coupled ordiuary d;fierentlal equations (17)

through (20) and (29) through (33) can be solved by a rather-

simple procedure. First derivatives occurrlng cn the left side
of these equations can be replaced by finite difference approx1m'

~mations. As an example consider equation (17).

dg _ .,
@~ 1
CAg .
At = 1(0)

and

YGew = %1q * AT - Lold () (34)

A "new" g can be found from an "old" q and i. Equations (18)
through (20) similarly provide "new" D, v, aidd i from "old"

- values. Thus, if 1n1t1a1 values of g, D, v and i are specified,

the finite dlfference ‘equations such as (34) lead to a net of
dependent variable values at fixed 1ncrements of time. Obviously

a smaller values of At corresponds to smaller errors in advanced

- time quantities., The actual size of At, however, can be adjusted _

by trial and error unt11 the energy for the system is "properly"

_conserved {(to enough significant flgures)

The Fortran program which performs this analybls and- a551sts

'_1n plottlng various output quantltles is called MAGFL, To assist
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the interested reader in de01pher1ng this program a dlctionary
of variables is 115Led below,

number of problems

AN, NAA =

\(® = initial capacitator voltage

C = bank capacitance

R1G, R20, RP0O, RCO = initigl resisﬁance of Rl’ Ry, Rp, R,

G1, G2, GP, GC
AL1, ALZ2, ALC

ALENG

ANCPP, NCPP
T

gys 8gs &
L

p’ g, resistance/enecrgy coefficient

L Lc inductance values:

17 ~2°

plate length

B = plate width

AMASS = plate mass

bO =_ihitia1 plate sepﬁration'distancé
P = maximum time in problem -
‘TS = crowbér switching time

DTC = zoﬁing parameter

fAMU - = Mg

-ANP = number of print outputs
-DMAX ' = maximum allowﬁp}e displacement
Wo =_initia1 angular frequency

DT = time increment

ANC - = number cjcles in problem

number of cycles per_printout

“time
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1, E2,
Qd, DY,
QN, DN,
ALP
 EOTH-
R1, R2,

IFLAG

 ”TT'(Mi

VOLT (M)

PE (M)

D)
V(M)
EPM (M)
RPM (M)
EBAL (M)

ST (M)

EP,

EC

Vg, AIQ

RP,

AIN

RC

After the listing of

i

I

i}
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initial capacitor charge
total energy deposited in 4 resistors
"old" q, D, v, i

"new" ¢, D, v, i

*current,iﬁdﬁc%angeJof plates

energy sum parameter
instanteous resistances

1 after tet_

time vector used in piotting subroutine
capacitor voltage

percent of initial energy in kinetic energy
of flyer L

displécement

flyer velocity |

heat deposited in paraliel plates
resistance of plates

I.CDO for appropriate zoning |

top level of flyer

MAGFL in the follow1ng pages a sample

problem will be 1ntroduced
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PROGRAM MAGFL (INPUTsQUTPUT).
DIMENSION TT(lOO)9V0LT(1Q0)9D(10039VC1003vAI(IOO)oEPM{100)9RPM(100
1)9EOM(100)sPE(100) sEBAL (100} sTIT1(4)+TIT2(3)oTIT3(314SI(100}s
2TIT4(3)TITS(4)sTITO(S)sTITT(5) '

DATA (TIT1(1)=8HCAPACITO) o (TTT1(2)=8KR VOLTAG)e(TITl(E)maHE vs TIM.

1) e (TITI (&) =BHE )
CDATA (TIT2(1)=BHFLYER CU),(TTT2(2)-8HRRENT VS)g(TITZ(S)—BH TIME
1)

DATA (TIT3{1)=8HEFFICIEN)9(TI73{2)=8HCY VS TI)s (TIT3(3)=8HME

1y
DATA (TIT#(})WRHFLYER VE),(TTTétzi“BHLOCITY vJo(TITa(s)—BHs TIME

DATA(TIT5(1)“8HFlYER VE):(TIT5(2)~8HLOCITY V}e(TIT5(3)—8HS DISTAN)
1;(TIT5(4)n8HPE )
DATA (TIT6(1)“8HDISTANCE)|(TTT6(2)“8H VS TIMEY
DATA (TIT7(1)=8HD= IN MILY«({TTTT7(2)=8HS VS TIM)p(TITT(?)"BHE
13
READ 1000.AN
MAAz=AN ,
N0 999 KX=1.,NAA _
READ CIRCUIT CHACTERISTICS
READ 1000sVC,CeRI10sG1+AL1sR2090G24ALR
READ 1000sRCNOsGCeALL

"~ READ IOOOQALENGegaﬁMASSQPPO GP40n

READ 1000¢TPTS
TAMU=,00000125

NTC=,001

ANP=9Q,

NMAX=5,

PRINT 2000

PRINT 2010sR10sALYsR20+ALD

PRINT 2020461462

PRINT 20130

PRINT 2040

PRINT 2040 % PRINT 2040

PRINT 2050

TPRINT 20580,R¢0

PRINT 2070+GC«RPQ

PRINT 20804+GP

PRINT 2090 € PRINT 2090 ; ‘ :
PRINT 21n0 . .
PRINT 2110sV(C : :
_PRINT 2120

PRINT 21304ALC

PRINT 214000

PRINT- 215G4+C+B

"PRINT 21604ALENG

PRINT 21704AMASS

PRINT 2040

PRINT 2180

PRINT 219n0+TS

- PRINT 2040 SPRINT 2040 % PRINT 2040 g PRINT 2040

PRINT 2200

PRINT 2210 :

Al = AL1+AL2+AMU*DO“ALENG/R
WO=(AL®CY#E (= 5)
DT=DTC/¥W0
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ANC=TP/DT

ANCBPeANC/ANP

NCPP=ANCPP
IF{NCPP.LTo1n} NCPP=10
PRINT 1050, TP«DT NCPP
T=0e. .

S J=0

Pl=AMUALENG/ (BHAMASS)
Pa=P |t AMASS

QO==CH#V(C

Q0=Q0

El=0.

E2=0,

EP=0, $EC=0, .

NO=0p -

M=1 »
AlC=n,

VO=0n,

. DN=g,

R2=R20
R1=R1n

-RC=RCO0  $RP=RPQ SIFLAG=0

IF(T.GT.TP) 60 TO 600
IF(T.GTTS) 50 TO 300

IF(DNGTDMAX) GO TO 600
GN=QO+AIO#DT -
- DN=DO+VO#DT

VN=VO+Pln{ATO®#2)Y 50T /2.
E2=Er7+ (AIO##2y#R28DT '
E1=E1+ (ATO%82) #R1#DT

ER=EP+ {AID®%#2) #RP#DT

R2=R20+62%E2 ‘

R1=R10+G1+#E]
RP=RPO+GPREP
ALP=AMUSALENG#DO /B

AINzAIO= DT*(QO/C+(91¢R2+RP)*AIO+P2*VO*AIO)/(AL1*AL2¢ALP)

EOTH=, 5“(AL1+AL2+AMU*ALENG*DM/B)#tAIN**EJ+ S# (QN##22) /¢
T=T+DT _ . _

TQ0=QN

NO=0ON

VO=yN

AIO=AIN

J=J+1

IF (J.EQNCPPY GO TO 504
GO TO 100 ’
ATLO=AT0

"AIRO=ATO

All=ALl+ALC
AZl=w-ALC :
Al2==ALC

CIFA(T.GT.TP) GO TO 600

GN=00+DT*AILO
DN=DO+VO=DT
VN=VO+DT#P1# (AIRO##2) /2,
El=E1+(ATLO#u2) ¥R1#DT
EZ2=FEP+ (ALRO=%22)#R2%DT

CEP=EP+ (ATRO#u%2) #RP#DT

EC= EC*!(AIRO«AILO)**P)*RC&DT
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R1=R10¢G1%*E)
RZ2=RP0+GRH#E2

RP=RPO+GP=EP

RC=RCO+GCHEC

Al3=wmQ0/C={R1+RCI*AILQ+RCHATIRO

A23= RCHAILOw(R2+RP+«RC+AMU#ALENGHVD/B) #AIRO
AZ2=ALC+ALZep2#DO

BB={Al1#AZ23- AEI*AIS!/(AllﬁA29“A21*A12)
AIRN=AIRO+DT#RB
AILN=ATLO+DT#(A13/A11=(A12/A11)%RB)

EOTH=5% (ALYIY R (ATLN#22) ¢, %*(AL2+P2*DN)*(AIRN**2)+.5*(ALC)*((AIRN
1-ATLN) ##2) 4,58 (AN®22) /C

T=T+DT

QO=@QN

NDO=DN

VO=VN

ATLO=AILN -

ATRO=AIRN

CJdEde

IFLAG=]

C IF(JLEQ.NCPPy GO TO 500

60 T 320

CTT{M)=T

VOLT({My==QN/C

PE(M)-C*AMASS*(VN**E}/(Gn#ﬂp)

D{M)=DN

V{M)=VN

EPM (M) =ER

RPM (M) =RP

EOM (M} SENTH

FBAL(M}”C*(EOTH+E1+E2+EP+FC+ 5*AMAssﬂch*%2))/(.5*(@0#*2))
SI(M)=AMASS®YN/ {BRALENG)

IF{IFLAGL.EQ,1) GO TO 550

AT (My=AIN

M=Mel EJ=0 %60 TO 109
AT (M)=AIRN

M=M+ 1

J=go

50 TO 329
MMAY=Mul

PRINT 1005

PRINT 1060

PRINT 1070
PRINT 1075

DO T7on M=1eMMAX |
N{MI=D(MI %100,
V{My=, 00014V (M)

S TTUM)=10000004%*TT (M}

SI(M)=10.%51 (M)

- IF{M_NE.S0) GO TO &8n

PRINT 1005 $PRINT 10605 PRINT 1070% PRINT 1073

PRINT IOROoTT(M)oVOLT(M).AI(M)qRPM(M)oEPM(MJoFOM(M)9PE(M);EBAL(M)-
1D (M) o V(M) 4STI (M) : _

CONTINUE

CALL PLOT c71cTT.V@LT.MMAx.In..a..lﬂw,TITl.a;

CALL PLOT CTL(TTaATsMMAXa10,eB8er1H®eTITZ3)

CALL PLOT CTI{TT4PE4MMAX,104+8as1HBsTIT3,3)

CALL PLOT CT1{TTeVeMMAXs1NasRerlH®3TITS493)

-
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. T20

999

1000
1005
1059

1ns0:

1070

1075

. 1nAg
2000

2010

2020

2030

.2040

2050
2060

2070
‘2080

2090
2100
2110
2120

-2130

2140
2150
2160

2170

2180
2190
2200

22140
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CALL PLOT CTI(DonMHAX9IOuuaqelH%gTITS 43
CaLL PLOT CTl(TT;DQMMAX?InegRaslHﬁqTITﬁ9?)
DO 720 M=1sMMAY

DM =D (M) 7 (an0254)

CALL PLOT CTl(TTvDsMMAX910nenaelHMqTIT??33

CONTINUE

STOP ,

FORMAT (BE10,3)

FORMAT (///%14) : '

FORMAT (# TIME MONITORED UNTIL -*9510 3,4 WITH INCREMENT=%E]Q

1.3¢# SEC NUMBER OF CYCLES PER PLOT =#415//)

FORMAT (8Xo C *TIME . - VOLTAGE  CURRENT = FLYER HEAT IN
1 STORED EFFICIENCY ENFRGY PLATE - PLATE - SPECIFI
2C+#) ) . .

FORMAT (19X« #%ON CAP ~ IN FLYFR RESISTANCE. FLYER LC ENERGY 0
IF SYSTEM  BALANCE . SEPARATION VELOCITY IMPULSE#)

FORMAT (TXe% (USEC) . (VOLTS) {AMPS) {OHMS) {JOULES):
L{JOULES) #328X s # (CM) (CcM/USEC) A TAPS)Y % /) S

FORMAT (5X911F11,2)-
FORMAT(*l*saaxs*cIRCUIT nIAGpAM%////J o - '
FORMAT (12Xs#R10=%sE10 344 Ll“*!ElO 3,* R20=#4E10439% ([ 2=z%,
1E10 o 3) . :
FORMAT(lax #61=%,E10,3,22X,#062=% ElO 347}
' FORWAT(9X1¢-v*~-RRRR—--—~LLL1w---==°""-~---*mnnna--~-RRRanwwuLLLL
Iemocne ——it) _ _
FORMAT (9X §#~# s 30Ky #wst 930X g #mi)
FORMAT (9Xs#awg30Xe#Ruy 30X s tuit ) _
FORMAT (9X s #=#330X1%R  RCROWRARZ®2E104398X s Fait) : :
FORMAT (9X g#en 30X y#R GCBAR  =u#,E104348%,%R  RPLATES=z#,£10.3)
FORMAT (OXs#uirg 30X 3 #R% o 30X s #R . GPLATE=%4E10,13) ' .
FORMAT (OXs#utg30Xs5wuite30xssRs)
FORMAT (9% g %w INITIAL CAPACIToﬁﬁtIOX¢*v*-30X-*-*)
FORMAT{9X s #m VOLTAGE =#4£104397XsRmtra 30X s tma)
CFORMAT (BX o #CCCH# 929X g ttmtt 930X gttt}
FORMAT(BY +#CCCH# a2 LCROWBAR=#4Ejpe39BXe2at)
FORMAT(9\;*n*u30X9*L*~30Xv*E D(0)=%4E1043) :
FORMAT (9,4 CAPACITANCE=#4,E10,245Xy#L%230X,%E WIDTH=#,4E10,3)
FORMATt9x;*-#=30Xy*L#e30x,#E LENGTH #eFEL0e3)
FORMAT (GXs#=r s 30X s #=t 330X s #F. MASS=#+E10.3)
FORMAT(9Xg*—%;35X9*SWITCHING TIME®# 12Xy %an)
'FOQMAT(QX!*-*!31X9“/ SR F10e3913Xe#=w)
FORMAT(9Xg#mommmam—aan ———-—~~-----a—---—--------—-—-n—--n--w—una---
lovemwnn=tt s/ /)
FORMAT(lax,*ALL UNITS OF THE ABOyE INPUT NUMBERS ARE CONSISTENT MK
15%) : : .
. END
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SUBROUTINE PLOT CT1 (XoYeNprLNvYLNeISYMqTITLEeNT)
. DIMENSION x<1an:1>qTITLE(1);IPLT(121)exax15(13)

[sXeNe!

o000

30

100

DATA (1SPC=1H y s (IPERs1M, ) s (IPLS=1He)
INTEGER YAXIS _ : _
NS=XLN

NS1=NS#10+1

- NS2=NSs1

Nz (YLN#6.1 /4
NY=N*ae]
ZN=N - ’

CCALL SCALE {XsNXeXLNsXMNsXSCALE)

CALL SCALE (YeNX¢ZNsYMNsYSCALE)
.fTITLE THE PLOT

IF{NT.6T.0) GO TO 30
PRINT 1030

S G0 TO 40

PRINT 1030 (TITLELT) 2 I=1aNT)

-FRINT 1040

. PRINT THE PLOT ONE ROW AT A TIME -

DO 200 I=leNY

no 100 J=24NS1

IPLT () = ISPC

. IPLT(1) .= IPER

IPLT(NS1) = IPER
yAXIS = ISPC
J={1=1)74

L IF{J#A NELI=1) GO TO 150

- 1ln

OO0

120

150

IPLT (1) = IPLT(NSL} = IPLS
IF(T.NEa]eANDLTNENY) G0 TOo 120
no 110 L=1sNS1

CIPLT(L) = IPER

CONT INUE .
AL= (N=dJ) #YSCALE+YMN
ENCONE (9910004 YAXIS) AL

TFI(L=1)710%10+EQ.L=1) IPLTIL)=IPLS

CALCULATE THE PLOT POSTTIONS

DO 180 K=1aNX
YPOINT= (Y (K) =YMN) /YSCALE

CIY=YPOINT#4,.445

180

200

1Y=NY=IY

IF(IY,NE. I} 30 7O 180

X = (X (K) =XMN) /XSCALE#10a+145
IF(IXeBTaNS1) IX=NS1

IPLT(IX) = ISYM

CONT TNUE

PRINT 1010;YAXIS-(IPLT(J)9J=1'N51)
CONTINUE - '
IFACT=ALOG10 (10, #XSCALE+XMN)

no 2540 I=1eNSZ2 S

R=I=1 -



R

250

1000
1010

1oz

1030
10440
1050

- 86

XAXIS(I)=(B#XSCALE+XMN}/(10,4#TFACT)
PRINT 10206 (XAXIS(J)sJz=1eNS2)
IF(IFACT.NEo.n) PRINT 1050,IFACT
RETURN ,
FORMAT (E9.2)

FORMAT{XoA9eXe121A1)

FORMAT (/2% 13F10.4)

FORMAT (2H1 510A8). -

FORMAT (1H )

FORMAT (/45X gHX 10 «# I3)

END .
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SUBROUTINE SCALE(XsNXsS«XMIN,DX)

THIS SURROUTINE FINDS MaXIMUM. AND MTNIMUM VALUE IN THE

ARRAY X,

IT THEN ADJUSTS THESE TO OPTIMIZE THE PLOT WHILE

"MAINTAINING REASONABLE VALUES FOR AXIS ANNOTATION.

DATA’

XL
X3

bIAN)

ARGUEMENTS

x -
N =
S -
XMIN =
DX | =

ARRAY TO RE SCALED FOR PLOTTING.

NUMBER OF POTNTS IN ARRAY X :

CLENGTH OF  THE AXIS OVER wHICH THESE NUMBERS ARE
TO BE APPLIEDNG

MINIMUM valLUFE OF X ' .
INCREMENT OF VARIABLE FOR ONE INCH TICK ALONG AXIS

NIMENSTON X(l);DXX(?)

(DXX TeeRot2e 594-95.91.00920-)

X
X

NoO 10 I= 1eNX
IF(XLLLTLX(I))
IF{XS+GT.X{1))

CONT1I

NUE

DS= (XL=X8) /S

TIF(NS.GT04)

DETERMINE MAXIMUM AND MINIMUM VALUES OF X

XL=EX (1)
XS=X(I)

GO TO 20

" PRINT IDOs(X(I)!I TaNX)

20

30

40

L IX=XS/DX
IF({Xs .,LT,0,
XMIN=

100

STOP

N=z0
ND-Z-."&I

IF(DSaLTela)

DETERMINE

VARIABLE INCREMENT,

ND=1

IF(DS+GEeleeANDS DS LT«10.) 60 TO 40
N=N+ND :
NS=DS] 04 %*¥ND
GO T 30

U=o
1=L+1

PX=0XX (L)

IF(DS,.GT . DX)

NnX=0D¥%

/10 %3N

IX#DX

GO TO 5n

JAND. XS.NE.IX#DX) IX = IX-1

TF(XMIN+S#DX,LT«XL*+9999g9) G0 TO S0

"RETURN

FORMAT {1H1+#ERROR IN INPUT ARRAY TO SCALE*/(lH 1£18.10))

END
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The sample problem is a Very simple example which has
prev1ously been solved  on an analog computer at Sandia
Laboratories, The analog simulation considered only a simple

series 01rcu1t with an e;fectlve line re81stance a capacitor,

and a re81stance less parallel plate Ilyer. Input numbers

':for this problem on MAGFL are

-/ ANy / / /. / / /
CARD 1. 1.000E+00 SR _ '
/v /¢ / R0 / Gl / ALl / Rm20. 7/ G2 / AL2
CARD 2 4.000E+04 1.250E-03 4,000E-04 o0, . 0. 0. C 0. .
/ RCO / GC / AL g / / o/ /
CARD 3 o, 0. 0. . , . .
. / mme/ s / MASS / BRPO /G ; po  y /
CARD 4 1.270E+00 8,000E~01 4,480E+00 0, 0. - 2. 500E-04
TP /18 s g /o / Ty

. -/
CARD 5 1,000E-05 1.000E-05

_ where all unlts are in MKS and all formats 8E10 3

" The ocutput of MAGFL for thls problem con81sts of 9 pages.
On the first page appears a circuit diagram with all approprlate'

input parameters, The ‘second and third bages consist of a table

of various dependent variables for 100 different times. (The

.units are reported above the columns). The next six'pages plot.
_several combinations of these quantities that gre listed in the

,tabular output

Figure 3 is a reproduction of the analog computer output.
However, this comparison cannot be construed to be a complete
check of MAGFL due to the simplified nature of the eheck problem,
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