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ABSTRACT 

Documentation is presented for two new computer codes modeling the 

behavior of aompressed magnetic field current generators. Code output 

results for typical generator configurations are presented and compared 

to experimental results. 

1 



This Page Intentionally Left' Blank 

2 



• r 

CONTENTS 

I. INTRODUCTION 

II. GENERAL CMF DEVICE CIRCUIT MODEL 

III. L(t)-CMF DEVICE INDUCTANCE 

A. Unbranched Winding (Code SWL) 

B. Branched Coil Inductance (Code BWL) 

C. CMF Device Inductance Dependence Upon Armature 
Expansion 

IV. CMF DEVICE RESISTANCE 

A. Single Winding Device (Code SWL) 

B. Branched Coil Resistance (Code BWL) 

V. OUTPUT RESULTS FROM CODES SWL AND BWL 

VI. SUMMARY 

References 

APPENDICES 

Appendix 1 - Computer Code SWL Listing 

Appendix 2 - Computer Code BWL Listing 

Appendix 3 - CMF Device Voltage 

ILLUSTRATIONS 

Figure l. CMF Device 

Figure 2. Lumped Element CMF Device Schematic 

Figure 3. Single Winding CMF Device Element Specification 

Figure 4. Example of Branched Coil CMF Device Configuration 

Figure 5. Branched Coil Winding Resistance 

5 

9 

13 

13 

16 

16 

19 

19 

20 

23 

43 

44 

45 

47 

59 

77 

6 

10 

14 

17 

21 

3 



4 

Table 1. 

Table 2. 

Table 3. 

Table 4. 

Figure 6A. 

Figure 6B. 

Figure 6c. 

Figure 7A. 

Figure 7B. 

Figure 7C. 

Figure lAo 

Figure 2A. 

ILLUSTRATIONS 

SWL Code Output Results 

BWL Code Output Results' 

Exploding Foil Output Results 

Comparison 'of Observed Burst Parameters to 
those Computed by Code BWL 

Current vs Time as Predicted by Code SWL. Code 
Output Shown as Solid Line; Experimental Results 
Shown as e. 

Inductance vs Time as Predicted by Code SWL 

Resistance vs Time as Predicted by Code SWL 

Current vs Time as Predicted by Code BWL 

Inductance vs Time as Predicted by Code BWL 

Resistance vs Time as Predicted by Code BWL 

CMF Device Voltages 

P~~ of turn voltage versus time for first (1), 
50 (ma.ximum voltage), and last (70th) turn of 
CMF Device as predicted by code SWL 

25 

28 

34 

35 

37 

38 

39 

40 

41 

80 

81 

"I • 



! 

I. INTRODUCTION 

The generation of large surge currents by explosively driving conduc-

tive armatures into magnetic fields has been the subject of several investi­

gations. l ,2 Basic features of a typical compressed magnetic field (CMF) 

device utilized in these studiell are illustrated in Fig. 1. Briefly, the 

device is composed of a thin, cllindrical, metal armature explosively ex-

panded into a magnetic field proiuced by current flowing in a coaxial, 

helical coil. If it is assumed that the conductivity of both armature and 

coil remained sufficiently higl, during expansion that losses from fl~ dif-

fusion and by ohmic heating ma1 be neglected then flux conservation 

considerations result in a pred~cted current of 

I L 
."() 0 0 \. t = LTtT (1) 

where I , I (t), and L , L (t) are i.ni tial and instantaneous values of current o 0 

and inductance, respectively. Sjlce, as will be d~scussed in a following 

section, L(t) would be expected tl decrease during device operation, a gain 

in I(t) would result. It should ,~so be noted that the magnetic energy (E ) 
m 

of the system is given by Em(t) =~L(t)I(t)2 and thus from Eq. (1) 

and the conversion of chemical to nagnetic field energy is also proportional 

to the current gain. 

Although Eq. (1) is deceptiver, simple, its application to systems of 

practical interest has proved to bdifficult. Two basic types of problems 

are encountered in system modeling The first is that of expanding Eq. (1) 

to include realistic system losses Included are 12R heating losses in the 

5 



6 

--.J -o 
'-> 
--.J 
« -----, 
'-> ---.J 
l.LJ 
:c 



conductors (where, because of skin effect, the actual effective conductor 

cross section is time varying) and flux loss by diffusion into and 

through conductors; i.e., flux trapping. 2 
In this report only I R losses 

." will be treated in detail. Losses resulting from flux trapping and skin 

effect resistance phenomena must, at present, be approximated. A second 

major problem in the application of Eq. (1) to CMF devices of engineering 

importance is the specification of the time dependent inductance function, 

L(t), for relatively complex geometries. Previous CMF device models have 

utilized long solenoid inductance fUnctions which provided poor estimates 

of inductance at late times when the coil has been reduced to only a few 

turns. It is our intent, in this report, to describe a more general speci-

fication of inductance which is valid throughout the operating range of CMF 

devices and which is sufficiently generalized to be applicable to a wide 

range of devices and configurations. 

In the following section, Eq. (1) will be extended to include re-

sistive losses, and a general lumped circuit model of the CMF device will be 

developed. Following this, the time dependent fUnctions describing induc-

tance and resistance based upon a finite element description of the device 

geometry are presented. Output results from computer codes SWL (Appendix 

1) and BWL (Appendix 2) evaluating the equations developed in Sections II 

through IV are presented in Section V and compared to experimental results. 

_ t 
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II. GENERAL CMF DEVICE CIRCUIT MODEL 

A lumped element electrical representation of a typical CMF system is 

shown schematically in Fig. 2. "As indicated, Land R are the time depen-c c 

dent CMF device inductance and resistance. Ld and Rd are similar para­

meters describing exterior components and Rf is a time varying load resis­

tance. In operation, switch Sl is closed, injecting an initial current I 
o 

of a few hundred to a few thousand amperes into the loop acdf. Subsequently, 

armature expansion closes the "crowbar" switch S2 and decreases Land R c c 

by reducing the volume between the coil and armature, and by shorting coil 

turns. The circuit equation for the device loop bcde following closure of 

switch S2 is 

( 3) 

For conciseness, let L(t) = Lc(t) + Ld and R(t) = Rc(t) + Rd + Rf(th Eq. 

(3) then may be rewritten as 

dIet) [.Rill + 1 dL(t) 1 I(t)" = 0 
dt + L[t) @) dt 

which upon integration yields the basic CMF device equation 

I(t) 

(4) 

where I and L are initial values of current and inductance, respectively. o 0 

It should be noted that only one loss mechanism is explicitly included in 

Eq. (5), that associated with the circuit resistance. As has been pre-

viously noted additional losses are present as a result of flux diffUsion 

and trapping. Although these losses are not as yet well defined it was 

shown in Ref. 1 that they may be approximated by simply doubling R(t). 

9 
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Codes SWL and BWL include the option to use this approximation for diffusion 

losses if desired. Equatiqn (5) may be used to predict the behavior of 

any CMF system provided that t~e time dependent resistance R(t) and induc­

tance L(t) functions can be defined. It should be pointed out, however, the 

equation is extremely sensitive to small variations of these functions at 

late times in the operating cycle when both L(t) and R(t) have decreased by 

several orders of magnitude. Consequently, a method particularly suited to 

describe this critical region, the finite element representation of the CMF 

device, has been developed and is described in the following two sections 

of this report. 

11 
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III. L(t)-CMF DEVICE INDUCTANCE 

A. Unbranched Winding (Code SWL) 

The parsmeters required for the specification of the inductance of a 

single winding CMF device are illustrated in Fig. 3. As suggested in the 

figure, both coil and armature are represented as a connected system of sim-

pIe, coaxial, single turn (lOOp) elements with no pitch. Utilizing this 

representation, the inductance of the coil alone may be expressed as3 

n n n 
= L L1· + L L M .. lJ i=l i=l j=l 

, i -f j (6) 

where Li = self-inductance of the ith loop, 

Mij = mutual inductance between the ith and the jth loop, 

Lcoil = total inductance of the coil, 

and n = total number of turns in the coil. 

Similarly, if it is assumed that the current distribution in the armature 

exactly mirrors that in the coil, the armature-to-coil coupling may be 

represented as 

n n 

L(armature to coil) =: L L N .. i=l j=l lJ 

where, as before, the N •• are the mutual coupling terms between armature and 
lJ 

coil loops. Combining Eqs. (6) and (7) yields the finite-element specifi-

cation of CMF device inductance, LCMF ' 

n n n n 
+ L L M •• -

i=l j=l lJ 
L L N .. 
i=l j=l lJ 

(8) 

i-fj 

where the N .. are subtractive to account for the necessarily opposite sense 
lJ 

of the induced armature current. Prior to eValuation of Eq. (8), it should be 

13 
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pointed out that the assumption of a spatially-discrete armature current is 

probably a good approximation only at close armature-to-coil spacings. By 

comparison to experimental results, it has been found desirable to account 

for current redistribution by scaling the N .. terms by the ratio of instan­
~J 

taneous armature to coil radius. This scale factor is included in both 

codes SWL and BWL. 

Reference 3 lists a number of alternative formulae for the computation 

of loop inductances. The functions utili~ed in the codes developed here are, 

[ 
8A. ] 

Li = 4nA. ..en -~ - 1.75 
~ Pi 

Kirchoff's 
Formula 

where Ai and Pi are the ith element radius and conductor diameter, respec­

ti vely and for both mutual terms (M.. and N .. ) 
~J ~J 

where 

= lm-IAT. [(-K
2 

- K .. ) F - -K
2 

E] -V°·i ~j . . ~J •. 
~J ~J 

2..JAi Bj 
Kij = -;:===~=::;::: 

" (A. + B.) 2 + D~ . 
~ J ~J 

Maxwell's 
Formula (10) 

A., B., and D. . are element radii and element axial separation respectively, 
~ J ~J 

and E and F are the complete elliptical integrals of the first and second 

kind of modulus K. .• Note that for the computation of the mutual inductances, 
~J 

M .. , that B. = A .• All terms in Eqs. (9) and (10) are evaluated for 
~J J 1 

each turn at each time iteration in both the SWL and BWL codes. 
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B. Branched Coil Inductance (Code BWL) 

To reduce ohmic heating in the coils of large CMF devices, it is often 

necessary to increase the cross section of the output turns by splitting of 

a single winding into two parallel windings and thus doubling the conductor 

area. A typical configuration of such a branched system is illustrated in 

Fig. 4. Although mechanically more complex, the finite element representa-

tion of such a configuration is straightforward. By inspection of the fig-

ure, it can be seen that the previous analysis of single winding CMF devices 

is directly applicable if elemental loop parameters are identified by both 

winding and turn number. By inspection of computer code BWL (Appendix 2), 

it can be seen that all parameters are so doubly subscripted. Several new 

problems associated with the more complex geometry are apparent, however. 

First, from Fig. 4, it can be seen that the majority of windings include 

fractional turns. In code BWL, fractional turns are computed as a complete 

loop and then linearly scaled as the turn fraction. Secondly, as a result 

of branching, inductance terms must be scaled to correct for the current 

splitting into parallel windings. To compensate for current partitioning, 

all inductances in code BWL are scaled inversely as the number of parallel 

branches (subroutine SPLIT). 

C. CMF Device Inductance Dependence Upon Armature Expansion 

By inspection of Fig. 1 and from Eqs. (9) and (10), it can be seen 

that the time variation of inductance of CMF devices is produced by two 

different mechanisms. First, prior to armature-coil impact the increase in 

the armature radii, B., results in an increase in the coupling of the imaged 
~ 

armature current, Le., the -L: L: N .. term of Eq. (9), with a consequent re­
i j ~J 

duction in the system inductance LCMF• Secondly, following armature impact, 

coil turns are progressively short circuited and are thus actually removed 
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from the system. As indicated in Fig. 3, armature motion is defined as a 

fUnction of two velocities, the ~ial velocity Vx (typically the explosive 

detonation velocity) and a radial v~locity Vy which in the codes discussed 

here is assumed constant and is determined empirically. Codes SWL and BWL 

then assume that each armature radius Bj is equal to its initial value until 

the detonation reaches its axial location after which it expands at a con-

stant velocity of Vy until impact with the coil. Typically Vy/Vx ~ 0.25 

o and thus the armature expansion angle 9 ~ 14. It should be noted, however, 

that the armature closure rate of CMF devices is often increased by inclu-

ding an initial armature taper of roughly 9/2 starting at the armature mid-

point. Both codes SWL and BWL provide for initial tapers as inputs. 

Finally, it should be noted that the finite element representation of 

CMF devices results in a step discontinuity of inductance during turn re-

moval. To provide a better approximation of turn elimination in a helix, 

codes SWL and BWL linearly reduce the inductance of the turn being removed 

to zero in a time corresponding to one turn spacing. 



IV. CMF DEVICE RESISTANCE 

A. Single Winding Device (Code SWL) 

Neglecting nonuniform current distribution effects (skin and proximity 

effects) the resistance R of a single winding CMF device coil is given by c 

( ) 
_ p(r)l(t) 

Rc r,t - (wire cross section) (11) 

where per) is the wire resistivity (a function of temperature r) and let) 

is the time dependent wire length. Prior to the first armature-coil impact, 

let) is constant and is simply the product of the coil circumference, cor-

rected for pitch, and the total turns, n, thus 

2".~n 
let) = eose 

, 

. -1 pitch 
where e = TAN 2".~' 

(12) 

and it is assumed that the coil is of constant radius ~ and that the first 

turn closure time tl = (~ - Bl)/Vy • For times greater than t l , ~(t) 

should decrease linearly with time and thus 

2~n [ (t - tl)VX ] 
let) = cose 1 - (coil length) (13) 

The time dependent reSistivity function per) is available for a num-

ber of metals as a function of the specific action input, i.e., the time 

integral of the square of the current density.4 Tabulated values of this 
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function for copper are incorporated in codes SWL and BWL to update the 

* coil resistivity after each time step. 

B. Branched Coil Resistance (Code BWL) 

The required modifications of Eqs. (11) - (13) to include coil branch-

ing are perhaps best illustrated in Fig. 5, a schematic representation of 

the resistances of windings 1 through 7 of the example coil shown in Fig. 4. 

By inspection, the coil resistance can be seen to be a series-parallel 
. 

combination of the winding resistances. For example, Fig. 5 results in a 

total coil resistance of 

* 

(14) 

Equation (14) can, of course, be extended to include any number of wind-

ings; code BWL will accommodate up to 31 windings. Individual winding 

resistances may be computed as before from Eqs. (11), (12) and (13). 

Similar resistivity vs specific action data obtained in a study of the 
behavior of exploding foil slapper detonators is contained in subroutine 
FOIL and is utilized to predict the behavior of CMF devices firing ex­
ploding foil loads.

s 
The generation and utilization of such data is 

descr~bed in detail in a number of reports and will not be discussed 
here. Similarly to the computation of coil reSistance, subroutine FOIL 
provides an updated resistivity for each program time step with its 
associated action deposition into the foil. In addition, as shown in 
the following section, subroutine FOIL provides an output listing of the 
major exploding conductor electrical parameters. It should be noted 
that exploding foil behavior appears to be somewhat dependent upon cur­
rent density and upon foil size.

s 
It is hoped that these dependencies 

may soon be better defined, however, at present they must be approxi­
mated. As indicated in reference 5 large foils typically exhibit lower 
resistivities and larger specific actions than tha~ of sma.ll foils. For 
foils greater in cross-section than about 500 mils a better fit to ex­
perimental results has been obtained by dividing the small foil resis­
tivity data of reference 5 by 1.5 and multiplying the associated specific 
action values by the same factor. 



R 4 

FIGURE 5. Branched Coil Winding Resistance. 
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V. OUTPUT RESULTS FROM CODES SWL AND BWL 

output results from code SWL, simulating a typical single winding CMF 

device, are shown in Table 1 and graphically in Fig. 6. It should be noted 

that although agreement between the computed and experimentally measured 

current is generally good throughout most of the device operating cycle, 

the predicted current at the end of device operation for most generator­

load configurations exceeds that observed. It is probable that this excess 

is a result of improperly approximating the flux diffusion losses; however, 

it has been proposed that mechanisms such as internal turn-to-turn or turn-

2 to-armature spark breakdown in the experimental device may be responsible. 

Such internal voltages are extremely difficult to measure experimentally; 

however, as discussed in Appendix 3, they may be computed using codes SWL 

and BWL. Preliminary modeling of some device configurations suggests that 

high internal voltages are developed in regions of the operating cycle. It 

is to be hoped that the SWL and BWL computer models coupled with addi­

tional experimental studies will soon provide a more complete understanding 

of the internal voltage distribution in CMF devices. If voltage breakdown 

is found to be OCCurring in present CMF devices this new information could 

lead to designs removing this limitation on performance. 

Similar output results for the branched coil CMF device, modeled by 

code BWL, are shown in Table 2 and Fig. 7. In the example illustrated, the 

CMF device was modeled with two parallel 0.05 mm (0.002-inch) thick by 9.525 mm 

(0.375-inch) square exploding-foil loads; foil behavior results are shown in 

Table 3. It should be noted that foil behavior was scaled to large foil beha­

vior by a 1.5 scale factor. Similar to the results obtained with code SWL, late­

time current exceeded that observed experimentally. Through the time of 

23 
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foil burst, however, a good estimate of device operation was generated; a 

comparison of predicted and observed foil burst parameters is tabulated in 

Table 4. 
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Table 1. SWL Code Output Results 
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3.0000 254 106.95Z1 1.1186 21 .. 5.8 1.5 .... 9£-01 .9 .. 705 70 

------ 3.-tD'1tD----- -"2~-- ---------u ... -"~1t------------1.-n--So-:-- -------"2"7'01------"1.li1-o-8£-0-1- .9£o~OS 70 
3.2000 26ft 102.7336 1.1186 2591.3 1.6791c':-0 1 .94302 70 
3.SDOa 269 100 ... 530 1.1186 21153.2 1.7501E-01 ~g-ro--------ru-.-----------

3./t000 275 98.0537 1.1186 31£08.4 1.82"1£-01 .938113 70 
-3-.flOO- ?8?-<r'J.1Jlltr.-- '1.1"068- ----nn-.l- -- -Y;'t017E'-U .93667 69 
3.6000 289 92.94S7 1.080" 37"2.5 1.91131£-01 .93451! &7 

---30""0"110---' ------------?'te-- -----"JO .. -41-,t--- --1-.-0s-rt1t- -38"12.7' --Z.V63'7E"-IH .93232 65 
3.8000 30.. 87.931/t 1.0277 "036.2 2.1588E-01 .93D15 63 
3.9000 312 85.5013 1.0013 .. 151.1 2.25361:.-01 .927911 ------'6T-
/t.0000 320 83.1H6 .9750 /t263.2 2.353/t£-01 .925!Hi 59 

---- ___ o-tI-tO--------- - --------!?8- - -SO--. 8~~ -----."J~T6 - -__ 3'71-.-]--- - - - Z .1+'8';E"-01 .9236,. 57 
~.!l00 337 78.62;7 .9222 .... 81.7 2.5691£-01 .921 .. 7 56 

-- ___ stU----- -----~It~- 76. 46,?" .8959 .. s-a-z-.5------Z.611,4E"-01 .91931 51t 
... ~aaD 354 7/t.3766 .8695 .. 670.9 2.8079E-01 .91716 52 



~ 

Table 1 (Continued) 

·4.,Iuu 36·) 'Z.3Iilli .... 3Z .. , .. 8.9 z.93t17E-UI - .lJT5lr3-- .----slr-
".6000 372 1D.lt2ZG .IUI 1t114t.6 3.0120E-01 .91290 .. 8 

------It".11rVO- ------------------:Jez -- ----- ----68.'"'------ -------- -.-nl' ----UU-.1J----- --:J;-Zl1t3E~lIT -- _. - --.1JUT'J .. & 

... 80011 391 6&.77ilt .11; .. 1 "900.5 3.3&3&E-01 .90870 .... 
------~~II1IO--------- ----- -- --lin-- ---------l;~._lI71r-------._nn ----- - -IiIJlT .. ft - - -:J;,ZV1E-V1 .1JOt;&:J 103 

5.0000 .. 10 63 ..... 55 .1113 "921~"· 3.68"2E-Ol ~90"59 Itl 
S.lOOd 1ti'J 6l.'U6 .68sa .. 890.7 3.IS59£-01 .'J02SS·-"'-
'-2000 .. 28 &I."Ul .&586 "833.1 ... 0353E-01 .900&0 37 

---·--.;~u--------------:--~1T-----------"S,."1"T--------------;6;rn---- ---------It"7n.1J-- --- -.;UViE"-O"l - -;W91r66 . 35 
.', .... 000 .. " . 51.8100 .int .. 618.3 ..... 113£-01 .89&75 :u ---"T.-.n.-----------------,,1j1t------- ----.... -."3"--------- ----;y.,.,.. - --------1M71-.--Z-------lt";-.;lV.E-1r1 .. - -- - -- ---- ; ... 9Jt91r U "iOO. ..62· .i.JII3 .'Ul .. 292.7 ".1299E-01 .89309 Z9 

Ij. 70 Oil 4Tl , ... "'1,0 .52&8 4l&&.& 5.0472E-0 1 .119131t Z8 
5.80 Oil 477 53.5739 .500 It 38 Z4.5 5. 2715E-~ 1 .88965 2& 

.. ;;'JD1IU ·-4"" ·,2.7Hf, .ItTlt iI -"35," '-8 '.S02"3~-Dl .88802 21t 
&.30 OJ 49Q ,2.£1008 .447& 3243 ... 5.7393E-01 .88&4& 22 
6; 1.01l1I It 'IS -'1.3,.!Irt .1t213 291"'.0 S .9819£--01 .88 .. "'1 20 
&.20 Illl 50G 50.7811 .3949 2585.0 6.2295E-0 1 .88356 18 
6. 3000 504 5 a.~Ol2' .3685 ZZ18.6 6 .. 481 SE -0 1------;nzn--- - 16 
&.4000 507 49.9018 .3 .. 21 111&& .4 &. 7371E-0 1 .88391 15 

- -0;,0 01)- :)1U--.--- ·1t9~'870- .31;1 1,0'lt ~u & ; 9"'J5WE ;"-0 r .87981 13 
&. &0 110 511 .. 9.3&88 .2893 99Z.3 7.Z5&5E-01 .87873 11 

-s;71nro . ._-
?lZ It"'. 'ZZ1t8 .2"629 -660.7 T.S18""6E;"0 1 .87775 9 

&.80 DO 513 "9.0808 .23&5 &77 .1 1. 781&E-0 1 .87&8f: 7 
6. '!IO 00 514 48.'l3,,8 .Z10 1 6'l3. 7 8. 045&t.-O 1 ----.-~-- - -_ .. S 
1.0000 515 4S.79Z9 .1837 710.& 8.3108E-01 .8753!'> 3 
T.11r1l1l- 511 It~; 5U9 .1,13 721.1 8.5111~-Dl .814110 1 
7.2000 51 B . "6.50"'3 .130'3 145.1 8.84 .. 7£-01 .8T .. 22 0 
7.:ro1l1l -5"lR - --- ---"8~5Dno .13U~ ZS.ft ·g.11Z8E"-01 ."8"1315 0 
7 ... 000 517 .. 8.50JO .13 DO .0 9.38il6£-0 1 .81328 0 
'.;;0 00 511 48.5000 .130iJ .0 9.6481~-ul • 872 82 IT-
1. &0 DO 517 .. 8.5000 .1300 .il '3.9154E-0 1 .812J5 0 

--7;Tt1t1t-- !>lr--- -.-- -1f8.50110 ot no .Il r;n8:Zn'o-n - .871'18 C 
7. 80 OJ 516 "".50JO .1l0a .0 1.0 .... 9E+00 .81141 0 

-- --7;f}1)1l1I"-- -------- SH,- 1t1S.50ltO .131t0 - -. .11 1". n71-;E-~0 1t- .810'35 0 
II. DO 00 51r, ,,8.5D30 .1300 .0 1.0982E+00 .87048 0 
8. 10 00 515 48.;;000 .1300 .0 1.1241EiOO -----~~---. U 
11.2000 515 "8.5000 .1300 .0 1.1513£+00 .86955 0 
8.10110- -- - Sl"5 ·---"ti8.,ltiu-- -.----. -- - ."13110 .11 -- r;rlT8E"fO 11 .8&'108 0 
8.40 DO 515 .. 8.5000 .130il .0 1.20"3E+0" .8&8&1 0 

- 3. ;-goo-- Slit- lill.,no- .13"0"0 -.0 I ;Z3118E+Oll- .8"6815 0 
8. &0 00 Slit "8.50ao .1300 • 0 1.2512E+OO .867&8 0 
8. TO 00 514 48.5UOO .130 U .0 1.2836E+UU----- ---;a-6TZ7"--· 0 
8.110 DO 51 It "8.5000 .1300 .0 1.3100£+(;0 .866T5 0 

-3". 91t 01t - - ~n-- . ""3;-;0'-0- - .1"3uO -- .0 1-';33&-"0:+011 .86&29 0 
9. DO 110 513 41\.5000 .1300 .0 1.3 &27E + 0 Q .8&583 a 
<J.-t-onn "513 48. ;O'J 0- -.-UIJO .0 1 ;38"90E+0 a .86536 0 
'!I. 20 DO ~12 411.5000 .13G 0 .0 1."153E+0 0 .86430 0 
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Table 1 (Continued) 

.. 5000 ~12 'ts.50JO .1300 .~ 1 ..... 15£+DU -:-----;nCtr."J" 

.... DOO 'E12 4S.5000 .1300 .0 1.4677E+00 
---------~<J'On-----------------"!l_Z- . --------..S.,"o----- - -----0"13110------------.0 --- l:~tt939E"H3 

9.6000 511 1t1l.50GO .1300 .0 1.5201E+00 
-----------,.7"0------- -. ------- -"'31:1: -- -- - .-- ----"'S-.-5nr --- . .-131111" ----- .; 0--- -- -- I."'3ltli2E+l1li 

9.11000 511 ItS.5000 .1300 .0 1.5723E+00 
'to 'fO OU 510 .. 1I.5UU 0 --;.""1"30U---- --.0 1-;-5'fllltE+lrU 

10.0000 51a .. 8.5000 .1300 .0 1.62"ItE+00 

THE NUMBER OF SC 1t020 FRAMES IN FILe OJ IS 

THE NU"BER OF 60-8IT NORDS TRANS"ITT~D TO FILE 

6 

9 IS 3021t 

.116397 

.116351 

.1I63J" 

.1162511 

.116212 

.1161&6 

.11612& 

11 
o 
a 
o 
o 
o 

~-----lJ·-

o 



ro 
co 

rttJ C~ MO~.n--- -coon I1l7;Slt7U 
WIRE 0111 22.5700 APH no 1.3450 
Fl.I11Cl.1)SS-"lttJt. TiPl.-t~~ l.u 01)1) 

Ta.ble 2. BWL Code Output Results 

-1I;Rl'I ntST- 1: "T11r­
ARH ANGLE. 7.00C 

1:0-10- L 
LOAD R 

.1TtllU -
• al50 

."0 1 tOI(NS If.::tUU IPI jb.LJU "NU Z IUR:NS 8.50U IPI 18.00U --lfl'fD 

- -W1tlt -"1f--TU~--1f;750---'"'1 - ~-,-1)1l1J"-------W1t0- --;---TURl{S---,..-01)"O---TPi---q~1)"01j------ 1m0 

- - 1f1tlt--- --r - TU1U('5 --It- ;1re"O-- -11>Y-- --q;1) OU- -- - ---111(0- ---~ --- TURKS---Z-.-l-Z5--- TPr-".,01)"--- - - -1m0 

Aun TIL 
RAOI AL VEL 

8. au 00 
2.2000 

~UN T.IME 13.Dao 
T INC 1.:0JJ 

3 lOI(NS-~"'Co--TP1--r-s. uno 

"6 -TI1lrnS 1t ~ZSO TPI q. oc a 

q TUlrnS- Z.OOO TPI 4.5eo 

;)_nnil 'Pi __ "lin aNIl 1'> --,URNS 2.1n--,-p-r ct;~trU 

--1f1tD---1-3 - -fU~tn---l-.01j1)- -T?I-- -4";~On 1IMO---l1r---TU1UfS--701"Z5--TPr--1r.;-ou-------1flf0" - 1-;- -TUlrnS Z.U-OO TPI It.SOil 

--1f1tO---11t---TtlR~---1-;,.1t6 --11»1-- 2;-Z51)-- 1f?f1)---1--r- -TURMS-l.:Jlir.---TPT----Z.-Z'5V - WRo---n- TU~S t.406 TPI 2.250 

...........u------x-'7 IU'("3 -x-.~ TPI 2.2IJa "'D 20 TURNS 1.'106 'PI - 2.250 "NO 21 10RNS~.""3Ttlt--------n>r 7~ 

--"1f1tI)---U---T~---l- ;4it!'> - -11»1--- 't. 2511"-- -- ---w-tfD- -n ---TUIrnS---1-.-31tr.- --TPT- -Z-.-Z'5V- WRU---Zr.- -TURJqs" 1.4"06 TP1: 2.2S0 

--- -M1tO"--Z'}-- TUImS -"1" .31t4 --11»1- - - -Z; -Z51t - - ---- w-tfD- - ZS- --TURKS- - -1-.-r.1)£,- - -TPr- --Z-."Z'5V ImD -Z7-- TUq"MS 1;344 TPI 2.25(; 

_NO Z" IUJ(NS 1 ... "6 'PI Z."50 _NO ",* IIJI(NS 1.3.... 'PI 2.250 liND 30 IUI(NS -----r-;t+lJ1;---nrr-- Z-.25U-

--""'0-- "31 -TUUS" 1:".3"44"--T1'i---Z~-Z;e -----'"'0----------
.......................•..•....•..•.........•...........................•................................. 

TIP£ CURRENT IND.UCU"::E USISTANCE OUTPUT ACTION ATTEN WIND.ING TURN 
U:>EG __ "-,,1".)__ "1)Iff"'fT OFf" VUL IS "Z-SEC 

1I".-nt}1) --
1.0000 --------z;nn-a ---
3.0000 

----23"0':" 
2303 

-2"3QS 
2590 

r.--z.un--- --------.3"21fZ---------------31i~; ----

~1.~lt53 .3282 31t.& 
3q-.--ZlC, -- .32"8"9- ---3"6-.11------
35.&272 .329& ~0.8 

11 ;-
5.2q67HOO 
r. "081&10+0"1 
1.7037=:+01 

... QUOO Z':t .... --.J1lOTZ"ltO ------.330.. 4'.' 2.4'23c.+Dl 
5.0000 3&22 24.3715 .3315 &1.1 3.5613E+01 

-------1S.1t01tO---------- -<;cr.--r- -- -"to..-Z5Ti3 ------ --.-3329 --"95.0 '.Sq38EHrt 
7.0000 11E56 7.6081 .1&00 238.q 1.37&"E+02 
8.tOOD-- -------l~n - ----3".-1"..- .11671- ---r."1&.]""--;.-o&1:0£.-tt2 
9.0000 52281': 1.43D5 .0328 10&2.0 2.1735E+03 
'folUOU - --~\Jl>--- -.;0;'-31.5 .-~ 12UO.7 Z ... 665E.U3 
CJ. 2000 5q263 1.2499 .0314 1221t.' 2.7q8~e:+C3 
if. n1ttt - - 631:1 .. - -1.1:&77 .1)31) 3 1331.8 3 ~1731E-.o 3 
9. itO 00 6796q 1.0785 .02q3 1505.0 3.&013E+03 

-----"<f.~01tO---- ---------7743';- 1-'-0110; - .0ZlIZ 1:5"33.1 -It.llQS6E:+0 3 
9.6000 772 .. 0 .9385 .0271 1&3Q.l ~.&573E+03 

9.1000 838 .. 2 .lISH .D26D len, .9 5. 3D71E+D 3 
9.8000 103852 • &896 .0224 355!!.7 &.1 Q78E+0 3 

----"<f.~D1I1I----- -- - --- -r-oTtn-- --- - -.-6;'"37 .-ont- ----- -191tl.1i---- -7. 3115EfO 3 
10.00 DO 111414 • &3!t2 .0218 2093.7 8.50&7E+0 3 
it.- tl1ttt - - -t1"&"8~~ .&n05 .nZ13 - "2"5.8 -CJ.1I0CJCJE+0] 
10. 2000 120517 • 57tH .0212 2175.0 1.121 Qe: +0 ~ 

--------_. _ ... -

l.U-OOOO 0 G 
.Q!!ltlt2 a 0 
.9685D a 0 
.Q5156 0 0 
.93272 D- -0 
.91027 0 0 
.87978 a t 
.810248 1 13 
.80618 3 ~ 

.77137 7 1 
;7f)7n--- 7 1 
.7&3Qlt 7 2 
.761105 7 2 
.75&~3 7 2 
.75187 7 3 
.747&ll 7 3 

---- ;-r-,.-:rzu 7 3 
.73855 7 5 
.73371 7 5 
.72876 7 5 
.723711 7 5 
.71850 15 1 
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Table 2 (Continued) 

1 
1 
1- ----

1 
- - - - -,- -, 

------------,Ir-- ----- ---- ---- ------

1 ---r 
1 

" •...........•....•.....•..•....•.........................•........ 
2 3 
2 ------------y-------

2 3 
~ 3 
2 3 
Z- -- 3 
2 3 

-----------z------------------------- --- ------- -- ----- - -"3 

2 3 .... ~ ........ -........ ~ ... ~.~ .. ~. . .............................. . 
4 
4 
4 

---------rr---
4 ................ 

1& 
16 

1\ 

-" 
1\ 

17 
IT 

16 
lR 

g 
g 
q 

1'1 
lq 

s 
~ 

s 
----~------~--

20 
20 

5 . .............. . 
10 
10 
10 

21 
21 

22 
22 

11 
11 
11 

23 
23 

24 
24 

12 
12 
12 

25 
25 

o 
o 
o 
0--------

o 

20 
26 

13 
13 
13 

27 
27 

26 
28 

14 
14 
14 

2'1 
2'1 

7 
7 
7 
7 
7 

30 
3C 

15 
15 
15 

.. -

H 
31 



Table 2 (Continued) 

-------- -- nnll---- ---- -- ---------- --C1:"J~ORE--- - -- ------- --- -u.rUUR"E--- -- - --- --

OIS T TI"~ RADIUS 
-------------------C1'I------------- ------!JS::-:-- ------------- --------Clf -------- ------

a.oooo 6.il152 1.6795 1 1 
• 0 , 06 6. U q 5 4 i. 6, '15 1 2 
.1411 6.1755 1.6795 1 J 

-- ---------- ------.-n-lr---------6."?5-S-r-------------------l;-oT1J5---- - --- -------"1 4 

.2822 6.3359 1.6795 1 5 
-- ------ -----. ~;_Z8--- -- -----0. un- -------- --------I-.liT'J5--- - -- -T 6 

.4233 & ... 9&Z 1.6795 1 7 
-------...,.:-I" .. 1Jt'"'~"""-------1t8-:-. tt"'7'"751t1"-------...,l"":.--6,.,'~lJrtl5~----____r-------,------

E"ID 

• 56ltlt &.",;:'6 1.6795 1 9 
--.153"'50------ -"6;73£;11-- 1.-oT'J5----- I III 

.70S6 6.8139 1.67~5 1 

.77"61--6. ~971 1;-6n5 1 

.84e7 6.9773 1.6795 1 
• 'H f2 I. 0515 1.6195 ----r-
.987'1 7.1377 1.6795 1 

--------I.--c~nlJ--- -- -7.7178--- -T.6n,-- 1-
1.1289 7.2980 1.6795 1 

------t.-H-1I't--- ----·7;n-a-o 1;.-0795--- 1 
1.19qlt END 7.3782 END 1.67~5 END END END 

11 
12 
13 
14 
15 
16 
17 
18 

1. 19"14 I. 37 82 1. 6795 --z----------r-----
1.31t06 7.5385 1.6795 2 2 
1-.-"lU7 T.-69W9- 1.6n5 -2 :I 
1.6228 7.859Z 1.6795 2 It 

-1.7£139 ---- -8;"tl1J6 - 1.671, 2 - ? 
1.90'00 '1.11100 1.67~5 2 6 

--------~Z~.~0T.4~6~1---~--~8r.~3n4~Qnjr-------Tl~.6~79~5~ ---.: 7 
_2.11172 8.5037 1.6795 2 8 
-"?;~Z"'3----- ---- --- --- --"3;0"6111--------- -- --- -1.li795--- 2 9 

E"'O Z.398~ END 8.7"12 END 1.6795 END END END 
1. n-o,. --7 • .-4534 -"1"."6795 -j I 
1. 4111 7. &187 1.6795 3 2 

--------'-1""1.~55~22--------..,'':"."TIT7'~Tl---------..... 1::1. 6~7,.,1J:rc5:- --- ------~-------~- --------
1.6933 7.9314 1.67~5 3 4 
-1.-1I~4t.-- ---- --- -- -- - -!I. D~8- 1'-679~ 3 5 

1.q756 ~.2&Jl 1.6795 3 6 
-~.-1t~1' -- 1I.4Z"l5 1'-67~- 3 - 7 

2.2578 'I.;8l8 1.6795 3 8 
~.Z~P!l 8.5808 1.6195 ------r---------9-

E'-lD 2.39~9 END 8.7_12 END 1.6795 END END END 
-Z."l't;ttl) 1I.7nz 1.6795- 4 1 
2.E811 9."319 1.6795 4 2 
2". <l6-n <1.311"26 1'-6795- 4 J 
3.245"> 1.7033 1.6795 It 4 

-----------"T50:"15O;--'Z:o-"T1' .. ,..------~1-rr0. OZ40 ----.I---,.."S:6:77"'l191:"5---- ---.,.------- --.,---
Et-ID 3.59/13 nm IJ.I0ltZ END 1.6795 END END END 

~,-"o~--8-.!l2"1 r.- 1-'-679; -- - 5 
2.7517 9.1 .. Z1 1.6795 5 
3. a:B9- - 9.4&28 1-.6795 5 
3.3161 9.7AJ5 1.6795 5 

-------'j~.'3Tl-;;..,Tl-----~ ~.~- ---- ------ 1.6f<J5 5 
ENO 3.59~3 END IJ.I0ltZ END 1.6795 ENO END END 

-Z."1'Jl!9 8.741Z -1.6795 6 
2.6811 9.0&19 1.6795 6 
2.-'t633 9. nZ6 1.679~ 6 
J.2"~& 9.7033 1.6795 6 

~~----,-5-.r5'7"2T715.------__rr;lrZ""IiT----------.lr-.-z:6,..,7 .... 9rc5~- ----0---------
F~D J.5981 END 10.la .. z END 1.6795 END E~D END 

- --Z-. 46 ~4 Il-.-1tlt.. 1.67"9'- 7 
2.7517 9.1"Z1 1.6795 7 
~'-a-:JW 9. ~&Z" 1'-6795 7 
3.3161 9.7U5 1.6795 7 

1 

3 

1 
2 
J 
4 
;---

1 
2 
3 
4 

31 
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Table 2 (Continued) 

E'lO 3. 5q ~~ ~NO 10.101t2 END 
~."5'JIl3 [0.10'+2 

1.&795 END 
1.1:1795 

END END 
8 

It.l& 211 10.71t5& 1.&795 II C< 
rt~ 7272 11.1728 1.7266 8 j 

4. 7q 711 END 11.213& END 1.7353 END ENO END END 
3.66'Q ------ ---,-11T0-• .-1..-""/i"/i-------- 1.6795 ------ 9 
4.2333 10.8258 1.&795 q 
4.2BJ -lcr'-Snll- - I.ET'J5 q 
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END 6.3853 END 12.1317 END' 1.9102 END END END 
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!ND 8.3853 EMD i2.iS" END i.9302 ENu END END 
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Table 2 (Continued) 

END &.3853 END lZ.1317 END 1.930Z END END E~D 
~.8&83 11.25~~ 1.7~39 Z7 

- ------- ----------------~.~97Z'"--- ----------------U.~07~ ---- -- - - ----- ---I.""8-S-Z'------- -- - - --- --- ?T- ---
END &.3853- END 12.1317 EHO 1.930Z END END END 

1 
2 

----- ------- -- ----- ------4.7978--- --- --- ------- ---no ?n-6- --- -- - - --- - - - --- ----1.7n}" -- -- - - -- -- - - 28- - 1 
5.92~7 11.8665 1.8739 28 2 

----~E~NmO.---------~S.~3~8r5~3~£~Nmo~------~1~Z~.~1~3~lT'~£VNO~--------'1~.~9~3~Or.2~E'NmD'---~EVN"O--~E~Nmo~-----
~.86e3 11.25~~ 1.7~39 Z9 1 

----- -- - --- - ------------'-.-q97Z'"-----"--------- -- - n;~D7}"-------- - - ---- - --- --1~ 11"8?5- -- ZCI- -Z 

ENO &.3853 END lZ.1317 END 1.930Z END END END 
---- -- --------------------4.797"----------------- --n;?n6--- -------------- ----1-.73;~ --- -- - - -- - - -- -- --"3"0 - 1 

;.9267 11.8665 1,8739 3~ 2 
tNO 6.38~3 END 12.15i7 END 1.9302 END E~O END 

~.86~1 11.25~~ 1.7~39 31 1 
---- --- - -----------------';"1)972------------- -- - -'-n;1JaTl--- ------- ------- ---1 ~lJ8?5-- - - --- -- -- - -- -----"3"r - -- - - - T 

END 6.3853 END 12.1317 END 1.93u2 END END END 

THE NUH8E~ OF SC ~02C F~4HES IN FILE 9 IS 5 

THE NUM8E~ OF 60-~IT WO~OS TRANSHITTED TO FILE 9 IS 21~2 
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Table 3. Exploding Foil Output Results 
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Table 4. Comparison of Observed Burst Parameters 
to those Computed by Code BWL. 

Burst Predicted Observed 
Parameter Value Value 

Current kA 474.3 457.2 

Voltage kV 12.1 11.7 

Resistance (1 0.0255 0.0259 

Power GW 5.737 5.331 

545. * Energy J 1132. 

Action A2 sec 110000. 107200. 

* Note: Computed as the integral of the measured voltage 
times current uncorrected for inductive drop. 
Considerable evidence now exists indicating that 
the experimental value is high. 
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VI. SUMMARY 

In this report we have described the analysis of compressed magnetic 

field current generators utilizing a newly developed finite element repre­

sentation of great generality. For simplicity of numerical evaluation, 

this model was included in two computer codes -- SWL describing simple 

single winding devices, and BWL, describing branched coil CMF devices. Out-

put results from these codes have been compared to those obtained 

experimentally and found to be in good agreement through most of the range 

of device operation; experimentally measured maximum currents were, however, 

below those predicted. It was concluded that the failure of actual CMF 

generators to achieve their predicted current gains was due either to in­

ternal voltage breakdown or to large losses from flux diffusion. Although 

the importance of each of these loss mechanisms has not yet been pre-

cisely determined, the new computer models, by providing estimates of 

previously unobtainable internal-parameter values, offer the possibility 

of better understanding these imPortant effects. It is to be hoped, of 

course, that this new insight could lead to significant improvements in future 

CMF devices. Finally, the new computer models provide a quick and rela­

tively low cost method of studying the effects of many parameters on the 

behavior of CMF devices and thus greatly simplify the problem of system 

optimization. 
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__ P-liQGRA K S1tL( INPUT e._OUTI'U T. T APE&L =INPUT_. TAP.E9J_ _ _ __ 
C FINITE ELE~ENT MODEL JF SINGLE WINDING C~F DEVICE AS DESCRIBED IN 

__ C__~~~QIA ~E_PO~T ~AN8-1$~HQ" _TJ. TUCKE~,JE L~EMAN.DEC 1915 
C FIVE INPUT CAR~S REQUI~ED 

________ - _~ ~ARD 1_1£.!.lLfQg~ _______________________________ _ 
C COLUMNS 1-lQ TOTAL COIL TURNS 
C__ 11-2~ COn.~~R~ DIA"~TERCCOPPER' ----------------- MILS 
C Z1-30 COIL TJRNS'INCH 
C _ __U-!t.O_ C~tll._ IrtSlQ~ __ ~Utt~TER --------------------- INCHES 
C "1-50 ARMATURE OUTSIDE DIAHETERCINPUT END' ------ INCHES 

__ ~ _____ - ____ ~..!c-&O EXPlOSl VL_AXUL VELOCI!!_ -~~~~_-~:-- ... -:----__ "!H~lJ~EC 
C &1~10 ARMATURE RADIAL VELOCITY ----------------- MM'USEC 
C _ C~J~O ~ 6.f1 Q. FQR"4f _ 
C COLUMNS 1-10 TOTAL ~UN TIME ------------------------------ USEC 

.c ~1-ZQ TIME INCREMENT ------------------------------ USEC 
C Z1-30 LOAD INDUCTANCE ------------------------------- UH 

__ ~ ______________ 3!::!t.Q...LOAD RESISTANCE ----~~~_:-_ _:.::_~:__ ... :::_-_:_: ... :'~-- .. -- OHMS 

C "1-50 INJECTION CURRENT --------------------------- AMPS 
C 51-&il DIFFUSION LOSS MULTIpLIn C·TOTAL R' 
C CARO 3 1A10 • .3FlO.F-oRijAT - - -(isE BLANt( FIELD AS DEFAULT 
C COLUMNS 1-1il NON-BI.ANK-OUTPUTS INOIVIDUAL TURN VOLTS 
C -- 11-Z0 iXIAL-lisT~~CETO TAPER ------------------- INCH~S' 
C Z1-30 ARMATU~E TAPER ANGLE --------------------- DEGREES --- ----------c·· ----.--- -_.-. --- --- 31-4 Q -ARHATUU"O [fAT-·- START--tH~:-tAPE-R--:;~.:.:.;-~------~-· INCHES 

C CARD It 3F10. FORMAT USE BLANK FIELD FOR NO FOIL 
C - - COLUMNS 1':10 ALUMINUM EXPLODING FOIL THICKNESS----------
C 11-Z0 AL~MINJM E XPLlDING FOIL WIDTH -------------
C Z1-30 ALUMI~JM EXPLJDING FOIL-LENGTH ------------
C CARD 5 8F10. FORHAT BLANK DEFAULT--PLOTS SELF SCALEO 

--- ---C---- OOLUMNS 1-10 SET PUT CX-AXISTO VALu"E--SPEtIFIEO- - -
C 11-20 SET PL~T 1 Y AXIS TO VALUE SPECIFIED 
C Z1-30 SET PLlT Z X .XIS TO VALUE SPECIFIED 
C 31-ItO SET pLlT Z Y AXIS TO VALUE SPECIFIED 
C 1t1-50 SET PLlT3 X AXIS TO VALUE SPECIFIED 
C 51-&0 SET PI.'T 3 Y .XIS TO VALUE SPECIFIED 

--- - --- C-------- ----&1-10-SET PL3T -..-XTXIS-TO VAUiE SpECIFIED 
C 71-80 SET PUT .. Y UIS TO VALUE SPECIFIED 

OOOOOZ OIMEtoISIOt\ VPTCZOO' 
0()0002 DIMENSION VLLAST(200) 
000002 DIMENSION PT(ZOO),PCCZOO),PRCZOO,.pU200).PVC21l0) 
O(lOOOZ COMMON N.WiJ.A.BOO.VX.H,DCZOO"B(ZOO"IFLAG 
0-00002 - --- ------COHMO-N -SliMG;-TAPD~A-NGH;8irczjfo"B1,TECZO-O)~-tiBT-
0000Q2 ~OMMON VUZOQ) 
000002 COHMON TOSH 
OOOOOZ READ 61.HN.MD.TPI.A.BOJ.VX.VY 
OOOOZ.. READ &1.TTOT.DT,EXL.EXR.CO.RFACT 

__ OQqo~.!+_____ RE AD &Z.KFLAG. TAPO •• NGLE. B1 
000060 --RE AD&I~ THIci(-;WIOTH.Iii:.EN ----- -
00Q01Z"~1=NXZ=NX~=NXIt=1 
00001& NY1=NY2=NY1=NY4=1 
Q.Q01Q~ J~EAD &1 .XUl,YU1.XUZ,tU2.I(U3.YU3,XU".YUIt 
00012& IFCXU1.NE.0'NX1=Z 

_.o.1Q..ll!L _______ .J..E.!!.Uh~f_...gJ_NXZ=~ ______________ _ 
00013Z IFCXUl.NE.0'NX3=Z 
00013\ tFIXUIt.NE.(I,NX4=2 
0001.3& IFCYU1.NE.0'NY1=2 
jJ~OlltO IFCYUZ.NE.P'NYZ=2 
0001ltZ IFCYU3.NE.0'NY1=Z 

INCHES 
INCHES 
INCHES 
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o QO 144 
00014 & 
000 147 
000150 
OJ Q ~5 g 
000 15 0 
Oil 0151 
0;)0153 
000154 
000155 
OQg~?Q 
000157 
0001& 0 
0001& 1 
0001& 2 
0001& 3 
0001& 3 
0001& 4 
00016& 
0001& 7 
000 17 2 
000172 
000174 
000171 
Oil 0202 
000202 
o JO 222 

o () 0222 
000242 

000242 
00025 It 

000251t 
00026 () 

0002& 0 
0002& 4 

o JI) 264 
0002&5 
03027 a 
Q 00273 
o (lC 27 6 
000 3~ 0 
000301 
o () 0302 
11 00311 4 
000306 
C 3 0307 
o 90 3~~ 
(j 00 316 
o () 0320 
o Oil32 2 
0:)0324 
o JO 326 

IF(YU4.NE.il'NY4=2 
NPP=O 
RFOIL=O. 

62 FORHAT(lA10,3F10.o, 
~_£J:tg~~ T,LSFJ, 0.5' 

OBT=2.54/TPI 
TTOT=TTOP'l.E-6 
::1T=OT-1.E-6 
EXL=EXL·1.E-6 
JT=O 

HINT=O. 
HLAST=iJ. 
CLAST=CO 
TLAST=O. 
C2UST=0. 
SUMG=O. 

"'00--, 00 -1= 1 , N ' 
VI=I 
1J1I'=(YI-1.) .08T 

ItJC FO~HAT(4~15.') 
5 J 0 CONTI NUE 

"IPT=TTOTIOT 
PRINT ~7 

37 FORMAT (tHU 
PRINT 31,C~,A,HN,EXL,~(,TTOT 

31 FORMAT(lX,.I~J CUR-,"B.i,ItX,-COIL 10 ·,F8.4,4X,-NO TURNS·F8.0,ItX, 
1-LOAO L-,6PF8.4,&X,-A(IAL VEL ., OPF8.It,ItX,.RUN TIME-6PFB.3) 

PRINT 32,TPI,BilO,WO,EX~,VY.OT 

32 FOD~~T(1X,-TPt.,F~.2,~(,-ARH 00 -.F8~4,4X •• WIRE OIA.F6.It,4X, 
C-LOAD R·,F8.4, 
16X,-RAOIAL VEL-, OPF8.4,4X,-T INC-&PF8.4) 
PRI~T 38,TAPO,ANGLE,RFACT 

38 FO~~AT(lX,-STA~T TAP~R·F8.It,2X-ANGLE-F8.4,2X, 
l·FLUX LOSS MULT-F~.4,2(/) 

PRINT 34 
34 FOD~AT(6X,.TIHE-,8X,.CJRRENT-,5x,-INOUCTANCE·,5X,·RESISTANCE-, 

i9X,-OUTPUT-,9X,·ACTION·,10X,-ATTfN-,5X,·TURNS-) 
PRHIT 35 

35 FO~MAT(6X,-USEC·,liX,·AHPS-,9X.-UHENRY-liX,-OHH ·,10X,·VOLTS-, 
~ 9X!!AZ-SEC-1l 

T=C. 
A=(A+WO/l000.'·Z.54/2. 
BOO=(BOO-W~/10lQ.)-2.'1t/2. 

AO=(SO-WO/1000.,-Z.54fZ. 
V Y =V Y - 1 • E + 5 
VX=VX-l. E+5 
TA po= T APrj- 2.54 
WO=WO-Z.54/100J. 
ANGLE=ANGLE/57.296 
IF(WIOTH.El.O.)(;'J TO 53 
IF(T.EQ.~.)RForL=8.4~-6·WLEN-2.54/(THICK-WIOTH-2.54-·2) 

GON.T INUE 
CALL SRi (T ,ell 
CALL SR2(T,R) 

JT R=N- IFLA:; 
SL=CL+EXL 
SR=R+EXR 

I 



030330 SR=SR+RFOIL 
000331 IFCT.EQ.a.JCLO=S( 
000334 H= CSR+SR·RFACTt ISL 
OJ033i DELH=CH+HLASTJ/2.·CT-TLASTJ 

__ 90034J_ .~l~::HJ!IT+OE~H_. _________ _ 
00034; ATT=EXPC-HINTt 
o ~O 35 0_ C=Cl.O/SL ·CO· A TT 
0003;4 CALL FOILCSUHGtRFOILtWLENtWIOT~,THICK,T,C.TTOT' 

0003&.1 _lFCT.GT.TTOTJGO TO ZO 
Oil0361 NPf>:NPP+1 

__ J!.~~nQ ____ . __ ~J....llipp , =~ ·_t.! ~ +f? ___ _ 
o 00 31 3 PR CNPP , =SR 
0,00311t. PC_(NPP'~C·1..E-3 
Oil031& PTCNPP'=T·1.E+6 
00040D NTOUT=N-IFLAG 
00040Z Z5FORHATc &PF10 .... 0PF15.0.&PF15 .... 0PF15 .... F15.1.e:15 .... F15.5.I1()' 

____ i_U.1tlL CZ=C .. z ... _______ .. __ ___ _ 
000403 G=CCZ+CZLASTJ/Z.· CT-TLASTI 

.0 OQ41O ~1,Jr1G~S!JHG+G_ 
000411 IFCT.EQ.O.'CLOST=CL 
o lIQ Itlf> VO LT::.C· ~El(~-EXL· SRISL-EKLlSL· (CL -CLOSTt/OTt 
0004Z6 CLOST=CL 
000421 PV CNPP' =VOL T~!.~ E -3 _________ . 
000432 XTR=JTR 

_JHLQ!tU If eJTR. EQ, OJ GO JQ_ q~ 
000434 VGRO=VOLTIXTR/DBT 

___ OJI.04~ft 91IFeJTR.EQ.0,VGR=0. 
000440 - PRiNT2;,T;C;S·l.SR.VOLT,SUHG.ATT •. JTR 

------1.90464 . IF CIFLAG.GE.lI IFI=IFLAto 
000470 IF (IFLAG.LT .11 IF 1;-1----+--..-~ --. --'--- .----.... -- _. -_.-

O(tQ~U _____ ~!JHyp~O, _ 
000414 DO 40 I=IFI. N 
o lto 416_IF_ ~L._EQ. 0 "J V4-L AS TC P=VL CII 
000501 IFeJTR.GT.O'RTT=R/XU 

__ a 00 50 5 IF CJTR .Ea, a LRTT= 0. ________ . ________ ._ ... __ . 
000507 VPTCI'=CVLeI,·C-VLLASTCI'·CLAST'/DT+C·RTT 
Q 0_0 5J.6_1FJt .EQ" IFP GO TO 413 
000520 SUI4VP=SUHVP+VPT C II 
Q ltQ5_~~_ _ _1t1'~_ CO)~UJH!.E 
000522 VLLASTeIJ=VLCI' 
00052" 40 CONTINUE ______________ . ____ ... ____ . ______ .... ______ . 
000 52 7 52 CONTINUE 
0.11.0 5Z1 ____________ __ tf_Q~_tF ~ +1 .. 
000531 IFeKFLAG.NE.10H 'PRINT 4&,eVPTeI,.I=IFo,N' 

____ OlD ~~ ________ ~_~_f.9-'~~HJ !Of1._~ ~ l' 
000543 SUMVPa-CSUHVP+VOLT' 
000545 IF eKFLAG.NE.loH 
000555 4; CONTINUE 

____ Q!tQ''-~ _______________ '!~!H~1' _ _. 
000556 HLAST=H 

____ Q.llQ.5.60 ________________ C~J..8~T .. _C~ _____ .. _. 
000561 tF(C/CLAST.GE.1.Z'JT=JT+1 
000567 CLASTsC 
000570 T=T+DT 

____ QU'-~~ _______________ IHh~I!nO'!+_Dn~9 1'3 53 
000575 U CONTINUE 
U.QU,_. __________ Jt~J.L~_'HfJ .. ~ ~9J ___ _ 
IIOo!;77 CALL HDCOPY (9' 
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QOO(,Ol CALL AICRT3(0,D.PT.P:; .... PP,1.Z.1.4!h46H 
1 .~8H TIME IN USEC 
Z .lt8H CURRENT IN KA 
3 •• 16 •• NX1.D •• XU1.NY1.0 •• YU1) 

0::10&27 CALL AICIH3(0.0.PT.PL.NPP.l.Z.l.48.48H 
-----------1-- --------- ... - -.!tiH - - - - -. .. TIME INUSEC 

2 .48H INDUCTANCE IN UHEN 
3 •• 16 •• NX3'. I) •• XU3.NY3.0. ,YU3) 

OOOf,55 _ CAI.L AICRq(0.0.PT.P~,"PP.1,Z.1.48.48H 
1 .~8H 

_____ . L _____ -' ,!~H . RE~I~lAN.c:~ IN 
TIME IN USEC 

OHHS 
3 •• 16 •• NX2.0 •• XU2.NY2,O.;YU2) 

00070'3 CALL AICRT3(D.D.PT.PV."PP.1.2.1.48.~8H 
1 .1t~H TIME IN USEC 
2 .1t8H VOLTAGE IN KV 
3 •• 16 •• NXIt.0 •• XU4.NY4.o •• YU4) 

_ 0 Q!U'31_ _!!.~ !'h.._ P!FLM_( 9.L_ 
030731 €t.lD 

PROGRAM LENGTH INCLUDING 1/0 BUFFERS 
. lI1.U_? 2 _______ . __ . 

FUN.CTlO to. ASSIGNMENTS 

STATE HE NT AS!) IG NHENTS 
000 576 

_!l.Q 1,~~6 
000556 
000 71t 7 
C J 0523 

2S 
3S 
46 
82 

BLOCK NAMES AND LENGTHS 
. .QjH !~~ _. 

VAR IARL E ASSIGNMENTS 
A 000002C~1 ANGLE 
R3 000632C01 BOO 
CL 004136 CLAST 

~.- - _.Q.llJE'L __ . .Y.f __ .. 
OBT 001453C01 OELH 
E)(R G04~13 G 
HLAST 034126 ~N 

IFLAG 01lO626C!:1 IFO 
KFLAG Oil4i116 N 

_JiT.Q_U! . ___ ~ __ 9 0 41 ~.L __ !i~.! 
NX4 004105 NY1 
NY_4 OQ4tU PC 
PT o !l2116 PV 
RFQ 11.. o.04t23 RTT 
SUHG 00062 7C C 1 SUHVP 
_LL __ Q.Q.!.1~;LCjj. __ I !!!CK 
TTOT 0(14070 VGP 
VLLAST - QIl1606 VO!,.T 
VY 000005C!:1 wo 
KTR 0(J4155 XU1 
XU4 004120 YI 

OH074 
001052 
OC110 7 
000530 

1:00031:;01 
GOOOu3CIH 
004127 
C'l4151 
G04i4~-

C 04152 
00406& 
G 0416 3 
CGOOOO:;01 
004102 
00410& 
(·J242& 
003550 
1104162 
004161 

_Jl 04077 
(i04151 
C04154 
COOO01CH 
G 04112 
004133 

31 
37 
53 
91 

ATT 
B1 
CLOST 
C 2L.~~T 
IH 
H 
I 
JT 
ItPP 
NX2 
NY2 
PL 
R 
SL 
T 

-

T.L_~~L_ . 
IIGRO 
VPT 
WIOT,.f 
XU2 
YU1 

0007&4 
000762 
O:l 0317 
000 431 

00414& 
001142Cat 
004153 
Ou4131 
00407f 
004144 
004132 
004124 
0114122 
004103 
004101 
011324& 
004131 
004141 
004135 
004130 
004156 
001276 
00'+100 
004114 
004113 

32 
38 
61 
400 

R 
C 
CLO 
0 
EXC---
HINT 
IFI 
JTH 
NPT 
NX3 
NY3 
PR 
RFACT 
SR 
TAPI) 
TPI 
VL 
VX 
WLEN 
XU3 
YU2 

LOBO 

LOBO 

• 1.1.16 

001002 
CH024 
OU0752 
000151 

LOIlO 

LOIlO 

000316C01 
00414 7 
0041~3 
OOOOOoC01 
iI-04072 
004125 
004160 
004140 
004134 
004104 
004110 
00213& 
004015 
004142 
000630C01 
0040&7 
o J1454COl 
000004CJ1 
004101 
004116 
004115 



000001t 
Oil 0 PO It 
a ao 00 4 
Q.QQ.!104 ______ _ 
o a a 004 
o ~ 0 00 4 
000 00 4 

SUBROUTINE SR1CT,TL~1 
DIMENSION C"T(20D),A~T(2001.TO(ZOOI 

oIMENSIOt\ SfLCZOO' 
COMMON N,WO,.,AOO,VX,VV.oC200.,BCZDO,.IfLAG 
COMMON SUMG,TAPD.ANGLE.BOCZOD"Bl,TE(2001.DBT 

-- COMMON-YUill' - - -- - -- - - - -. 

000036 

CQHMON TSM 
FO(X,COJ=X+CO""2/4.·(X-l.'+CC·"4/D~.·9'''CX-7.1&.I+CO''·& 

C 12~&.·2~,·CX-l11./90.I+CO··8/1D384.·1Z25."CX-l.25' 
EOCX,CO'=1.+CO·"ZI2.·CX-.5'+CO··4/16.·3.·CX-13./1Z •• 

. ____ ~ __ !C O!~~'-H~!! 5.· CX -1. Z, + CO~· 81 2_0 48. ·175. • C X:_~.25!_ 
000070 NN=N+l 
00007Z 400 FOPHATC4E15.8' 
00007Z IfLAG=O 
000073 DO 5 I=l,NN 
OaO~74 IfCT.NE.O'GO TO 84 
IQQQ~r_ DCN+l,=Z."OCN'-DCN-l' 
o aD 10 2 -----ToCI;~-COCIt-.:OCc;'/VX 
000105 IfCOCI •• LE.TAPO,AG=O. 
000111 tFCOCI'.GT~TAPD'AG=AN~L.E 
000115 YARH=COn.-TAPO'·SIN (AG'/COS CAG' 
0110125 BOU.=BOO+YARH 
000 13 0 _ . __ !~!!1QL!_~ .,=E. E!!~ B 0 ~J' :f) 1 _ 
000136 TEU.=TOU.+U-Wo-QOH',/VY 
ODD 144 84 CONUNUE 
000144 IfCT.GE.TOCI"'JCU=VY·CT-TOCUI+BOU' 
Oll0153 IfCT.LT.TOCI"BCII=BC([' 
0001&0 IfCBU'.GE.A-WO'IFLAG=I 
Q.~.Ql&6 IF UfLAG.EQ. 0' TD=U-IfO-BOOI IVY 
000173 401--- FORMATI';Ei5.8·'---·-
000173 5 . CONTINUE 
D00176 IfCIFLAG.GT.NIIFLAG=N 
000201 IFCIFLAG.EQ.D'TO=CA-AO-BOOI/VY 
0002D6 IFCIFLAG.GT.a'TO=TOC[FLAG'+(A-WO-BOCIFLAGII/VY 
fl.QQ_zl.~ IF CIFLAG.GT. 0' TD=TD C IFLAGI +( A-WO-BO CIFLAGI I IVY 
000224 - -TP-P; iO(rr:lAG+1,':ofiFLAG' '/VX . 
OJD2Z7IFCIFLAG.GT.D'TSM=1.-CT-TO'/T~P 
D00234 IfCTSH.LE.D.'TSM=O. 
000237 RfLAG=N-IFLAG 
D~0241 SUHL='l. 

_0.Q9.?42_ _ IFF=1 
000243 ·--IF CIFLAG-~-G-f:Q)IFF=IFLA:; 
ODOZ,1t5 OQ 13 I=IFF, N 
000Z47 SFLCI'=4.·3.14159"A·ULOGCS.·A/Wm-1.75''"1.E-Q 
QOO~O IFCIFLAG.GT.O'SFLCIFLA:;'=TSH'"SFLCIFLAG' 
000265 SUHl=SUHL+SFLCI' 
Q 00 Z7 L_. __ nJ!()_NTINU~ __ .__ 
000272 IFF=IFLAG 
000Z72 IFCIFLAG.EQ.!lIIFF=l 
000Z74 00 &00 I=IFF,N 
000276_ SXMC=O. 
o 00 Z77 00 6 D 5 J;' IFF, N 

__ Q!Q.;1Q!'. IFCI.EQ.J' XHC=O. 
000304- --- ·IF(f~Q.J,GO --fO-&OS 

JOQ305 OO=oCJt~OCIJ 
0~0307 Cl=2."A/SQRTC4.·A··2~OO'"·Z' 
000 31, 6 CO= Ci.-ClJ /( l.+CtI 
()QO~Zl X=ALOGI~./CO' 

53 
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OJ0325 FilC=FOIX,C,n 
Oa0331 EOC=EOIX.COI 
000333 XHC=~.·3.1~15q·A·(FOGICl/(Cl+l.'-EOC·(Cl+l."Cl'·1.E-q 
0 ao 343 IF II. EQ. IF LA G. OR.J.:: 1. IF LAG' XMC='01C.TSM 

. 0 ao.~~ ._ S1<.t'-G~~~MC+XI1C 
0~0355 &05 CONTINUE 
000360 eMf( I'=SlIMC 
0003&Z &00 CONTINUE 

.JlOQ3&1t TOO CONTINUE 
00036~ IFF=IFLAG 
000361i. __ IFnFLAG.~LY.LtFf=l 
0003&7 TOTM=O. 
Q J Q 37 0 00& ~ 0 .1 = I FF , N 
000372 IFCIFF.GT.NIGO TO 52] 
0003755XMA=0. 
000375 DO &30 J=IFF.N 

.iU.HL __ . __ ~9.(Jl.-qHL. _ . 
OOO~Cl Cl=Z.·SQRT(A·B(J"/SlRTICA+B(J"··Z+OO··Z, 
a OOltl& CO= (1. -ClI I( l.+CU 
000~21 X=ALOGI~./CO' 
.000 1tZ5FOA=FO (X, CO, 
000~31 EOA=EOCX.CO' 
Ul ~3 3 ... _. __ . XMA= 't.!.!..h_! ;J,.~~~~_QRT(~ +EH .... ' '!. (F_oye 11 (C1+ 1. ! - EO A" (C!+ 1. , 

C Ie 1) • 1 • E - q . -- . 
Q OQ't50 
000~5~ 

Q.o.o~L 
o 00~10 &30 

.!CMA=)tHA"~(J' I(A-\lO) 
IFCI. EQ. IFLAG. OR.J.El. IFLAG' XMA=X'U·TSM 
~X!1~=SXMA+XM A 
CONTINUE 

. AMT(U=S)(HA .000,.13 
000414 
QJlQ.'t17 
000501 
0.0..0501 
000504 

TOTH=CHTCI'-AHTcfi-.ri-'''-- -- --- -- -~----

&&& 
&20 

. {FJTQT~.LE •. O.'TOTH=O. 
FORHATe 3E15.8' 
GONTINUE 
TLM=TOTM+SUHL 

00 3~ I=IFF,N _~ 00 50& 
000514 VL (I)=(SFL(I)+C-HT(tT~~fHT·ff"·- - --~----.. -- -.--------.---

_Q OQ 5,,_ ~_ __ 
000521 

_____ {F (VL (I) .j..E. 9. , VL( II =0. 
34 CONTINUE 

.Q oQ Ij~~ 
000523 

_._~JURN 

---- --- - _._-- -
SUBPROGRAH LENGTH 
JIO_U~L __ 

END 

FUNCTION ASSIGNMENTS 
EO 0000~2 1'0 

STATEMENT ASSIGNMENTS 
_~______ -.ltQIU,l_It_. _~.~. 
401 ~ 000512 &05 

Oil 0010 

QoQ522 
000356 

54 
&20 

_1!-.0"-'QL--__ -'OLlQ ... Q~3""'&=5 ___ . ___ . _______ . __ .. 

_8LOQ< "~-"E£_~~P_ L._Et<f.GIHS 
001165 

VlIUULE ASSIGNMENTS 

~QO~~5 
000502 

~OO 
&&6 

0005&1 
000&04 



000004 
00000,. 

SUBROUTINE SR2(T,R' 
DIMENSION RHOA ClOOt. iGAUOO, 
QAU CRHOAU'.I=1,9&"l.86~,1.883,2.041,2.55cJ.Z.158,3.399, 

C 3.590,4.211,4.631,4.641,5.2&1,6.105, 
_______________ k __ ~..&._9,7! ;}L'u Ih 1<ih.<h.?..! ~I. 9.920,10. 6?2, _ 

C 11.466,12.313,13.951,15.440,11.136,18.129, 
_C t@.g1Z,1'l.28,20. Q8,ZO !60,~1.10,2l,! 91,23.19,24.20 ,25.24, 
C 26.31,27.86,29.39.30.36,32.39,33.99,35.53,31.21,39.11, 
C __ Itl_._1LIt2. 80 ,44._41'~_'!16,5~. 48.,52_.50,53. 61, 51.05,60.39, 
C 64.16,61.66.&7.51,10.56,74.60,79.17.85.42,91.73,101., 

_______ ~ _________ C __ U,6'1.1~_~! tt64_!_llE.u.~ .. ~6.! 348~!.. 4?~ .. 590_._,5~0., 62 O. , 
C 540.,493.,449.,386.,315.,255.,220.,194.,178 •• 162.,141., 
C 1~5.,'24.,117.,11Q.,106.~104.,98.9,92.8,8&.8,19.9.72.4, 

DaD 00 4 
C 63.8,56 .. 49.1 

DATA (SGACI',I=1,96"0.,293.2,2784.7,10589.~13617., 
C 233&4.,2&27&.,33930.,39909.,43986 •• 47407.,5329&.,61347., 
C 65273.,71027.,7&744.,80401.,83011.,84924 •• 87296.,89258., 

.. --- -- -_. - . - --- c- qi"is 7 ~--;q-Z363. -;93 2-8-2-;;-"9;;2-56;; 95 8') 2 •• " 9 8487 ~, ltfz 360., 10 lt41 iJ., 

J19Q 01.4 __ 
000004 
000004 
o () 0 00 4 
000005 
000007 

_Q_QJLQU _ 
000012 
000017 
000021 
000 OZ 3 

___ OJ~O 03J. __ 
000033 
000036 
000037 
000041 
000 041 
O.Q 0 042_ 
000045 
o ao 050 
000052 
000055 
000055 

__ Q oQ.O_~L 

0000&& 
000070 
00 a 071 

C 

44 
12 
P 

C 137870.,112470.,116370 •• 119930 •• 124210.,127990.,131760., 
C 135520 •• 138710.,141000 •• 143450.,145560.,147500 •• 149710., 
C 151260.,152250.,152910.,153570.,154930 •• 156020 •• 157260., 
C 158020.,158670 .. 159200.,160430 •• 161550.,162880.,164040., 
C 165310.,166250.,1668Z0.,l&7450.,l&8170.,168580.,l&8930., 

-- - -C---16s9tiO. ;1&q54if.,-I70&orf~-;T708-iili.,17180(j. ~ 172&00.,17 3000., 
C 174200.,174690.,175300 •• 176050.,17695C.,177620.,17~140., 
C 178680.,179200.,17991~.,180960.,1821i2C.,183680.,185280., 
C 187240.,188830.,189970.,191020.,192530.,194560.,198130., 
C 202870.,209270.,Z15820.,223550.1 

COMMON N,WO,A.BOO,VX,~Y,OC200'.BC2DO',IFLAG 
--- -COMMON SUMG-, TAP 0 ,ANGL::; 80 czoe, • B 1, TE C 2 00; ,ORT 

COMMON VUZOO, 
XN=N 
HA=3.14159/4.·WO··2 

AFLAG=N-IFLAG 
H ti=:~_ _ _ 
EFL=SQRT(CZ.·3.14159·"··Z+OBT··Z' 
WL=HN·EFL 
IFCIFLAG.E~.O'GO TO 28 
HLT= ::FL·Cl.-CT-TECIFLAG"/CTECIFLAG+l) 

1-HCIFLAG)' , 
~F (WiL. LE.. a, IfL r::::J. 
WL=AFLAG.EFl+WL T 

2B IFCY.NE.D.'GO TO 13 
00 12 1=1,9& 
Ff)P,MA TC4E 15.8' 
RHOACI'=RHOACI'·1.E-& 
CONTINUE ___ . _ 
SG=SUMG/C10D.·WA'··2 
00 17 I=Z, C)6 

IFCSGACI'.LT.SG'GO Tl 17 
GO TO 18 

17 CONTINUE 
~A~ RHO=RHO AU -11 + (RHOA U' -RHO AU- it ,. CSG-SGA C I-U' 1 

C iSGACIJ-SGA(I~lI'···· --- -
R=RHO·WL/WA 
RETURN 
END 
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SU8ROUTINE FOILCSUHG,RFOIL,WLEN,WIDT~,THICK.T,C,TTOT' 
000012 DIMENSION T"C300' ,.EAC300, ,GAC30:lI,C"C300' ,VAC300' ,RAC300', 

_1 P ~ (3 (j a , • SE ( 3 0 Q , • SGQ C 30 J , 
000012 DIMENSION RHOAC60"SGAC&0' 

_ 0 g.o 0'!1 _______ PAH C ~_~OAnLLl::_l, ~~,-,-.!,~-,_~.! ~?, 8.9.9.5,10.1.10.7,11. 3.11.9,12.5, 
113 .27, !It. 0 Z, lit. 53, 15 ~ 05, 21 • cj 4, 30 -.It, 3 B • 36, ;. 7. 38,55. 35,62.26, 
?69.71,76.63,85.41,96.35,105.8,l12.5,122.7,139.7,l&It.9,200.2, 
3253 •• 306.It,351.1,375.Z,388.5,396.7,39&.3,389.4.37&.2,361.1. 
1t340,,3J7.2,300.5,283.,261t.&,21t8.3.Z35.6.22Z.,201.5,ZO1.4. 
51 q 2.4. 181t. '3, 118. 1, 172. It, 166. 7, 163.91 

__ g~tSGAJ,Jl.u:_~J,2~~'JJtH 70 3. 3~ 153h7! ?136!~ ,~!18. 4,5&02.6.1__ _ 
17022.It,8471.1,10001t.,l1493.,13120.,14693.,16335.,Z5103.,3Z721 •• 
Z3857t.,4514at,~t5569,5~685.,5qQQ6.,6Z166 •• 64811.,6&&15.,68096., 
369516.,7Q19& •• 71821.,7Z588.,13613.,75261.,76020.,77027 •• 77842., 
4l8280.,79464.,82617.,54030.,856Z6.,8l960.,11281.,91t814.,98047., 
5102040.,10&040.,110&20.,114520.,118810.,123600.,12815D., 

___________ ~lll~!Lu.!~29h,_~68!~.!.~5~Z~J!!_!_160930 .. ~6702.9_"' 
000012 WA=THICK·WIDTH·Z.54··Z 
000014 IFCWA.GT.O.'GO TO 9 
000016 RFOIL~O~ - - -
000016 GO TO 17 
000017 9 CONTINUE 

_JHIWJ_ ___ WL=WL~"!_·l.!2'!. __________________ _ 
OOOOZO FACT=4.5726E+1Z 
OOOOZZ IF(T .NE.O.'~O TO 8 
000023 DO lZ 1=1,55 
0000Z1 i~ RHOACI'=RHOACI'·1.E-6 
0000-34 8 CONTINUE - -
000034 SG=SUHG/(100.·WA,··Z 
000031 00 Z5 J=2,55---- -- ---- ------ - ---- ---

0:JD040 IFCSGA(J'.LT.SG' GO Tl Z5 
000043 RHo;RHOACJ-i'+CR~ACJ'-RHOACJ-l"·CSG-SGACJ-i"/ISGACJ'-SGA(J-l" 
OOOO~~ GO TO 3D 
000053 Z5 CO~TINUE 
000055 RHO=FACT/SG··Z·l.E-6 

-OD0060------- 30 CONTI~UE------------ --_._- ----

Q OQ O~Q ~F_OH.=RH9·\IIL/WA 
000063 SR1=RFOIL 
o ~Q OJ~~~!lEN=? .6~9 
000065 WAC=WA·i00. 
000066 WLC=WL·l0. 
000070 IF CT. EQ. C,JJ=O---- ----------- -------- -------- - - -------

Q.itQ07Z_ __lfH.;.Q!9' TLAST=O. 
000014 IFCT.EQ.O'CLAST=C 

_0000_77 __ JF H_._EQ ~ D.' RLAST=SRl 
000105 E= E+ CT -TLASf) 12 •• CC"Z. SRi +CLAST nZ·RL ASH 
000113 ClAST=C 
000114 HIlST=T 

__ QjlQ1. __ 2,.~_ . _~~_~H=~R1 
000117 G=SUHG 
000120 JJ=JJ+1 

--o'Oo1"i2-- ------i.iJJ'~T 

000122 EACJJ'=E 
000124 GACJJ'=G 
000126 CACJJ'aC - .-oil:1o ----------- -v'-i:,-j, =C'-Sql 
800132 RACJJ'=SR1 
a-rili 13;'-- --- - --- --PA CJJ' =c •• z-.sRi 



.. 

o 0Q13f, SE (J.Jt =E/WAC/WlC'WOEN'1000. 
0001~~ SGOeJJJ=G/WAC··2 
000150 T~2= 2_~2311. $TR3= 32035. STR .... ~8561. STR5= &577&. STR6=167019. 
000157 IFeT.LT.TTOTIGO TO 2ltl 
J!~~_ 37 FORHAT UHlI 
000162---- 25S-FORHAT UH1.10-i;iff"E.~ 8X,-.CUiiRENT.~-liJX; .V()L Ts·-.-lfx~ 'OHHS.~ 

110Xt'POWER,,9X,'ENER~"t9X,'ACTION',10X,'GDENS'10X.EDENS'I 
ZlH·.6X'HICROSEC·llX·l~~S·36X·(ILOWlTTS·9X'HILLIJ'7X, 
S'AHP2 SEC',Jx,'AHP2 SE~/HH~'11X·J/GH·/t 

000162 . 245 PRINT 255 
_Q qql~~ _______ Q!L2,.q __ I(.=!,~J __ . ______ _ 
'000173 IFe K.EC.51.H.K. 

000225 
000232 
o 00 2~0 

11(. Ell. 2 5 it PH NT 255 
250 IFCSGOeKt.LT.TR2tI(EY=3iS 

IFeSGOeKt.GE.TR2tKEY=3~S+L 
IFCSGO(Kt.GE.TR3tKEY=3~L 
IFCSGOCKt.GE.TR~tI(EY=3~L.V 

-i F- CSGOiK' ~-GE~-fR5'I(Ey-:;j Ifi-Re--
IF_ CSGO CKt. GE. TR6 t K.EY=HEXT 

t!. ~O ~'!fl _ 
o 00 25~ 
000262 
01)0270 PRINT 260.KEY,TACK),CAel(t.VAC(t,RACKt,PACKt.EACKt.GACKt.SGOCKt. 

lSE CKt 
000320 260 FORMATeX.A3,6PFll.3.0PF15.1.F15.1.F15.5.-3PF15.3.3PF15.2,OPF15.", 

________ h __ !f:J.5.4,F!5~3L_________ _ ____________ _ 
00032,. 
ODD JZ6 
000326 
ODD 32 (, 
01)0327 

24() CONTINUE 
2ltl CONTI~UE 

17 CONTINUE 
RETURN 
END 

SUBPROGRAH LENGTH 
o 06J.0 3 

f-'J~~TIQ_N _~S'H!!NME~!~_ 

STATEHENT ASSIGNMENTS 
1\ 000035 9 
33 O~OO&l 37 
250 000226 255 

BLOCK NAHES ANO LENGTHS 
---

VARIABLE ASSIGNMENTS 

000020 
000350 
000352 

17 
241 
260 

000327 
000327 
000,.20 

C 0_00000 CA Q0225_3 Cl.,AST 006070 
EA 001123 FACT 00(1)55 G 006073 
L _____ ':... ___ 006056 ___ ~_ _ ":' ____ .l0606D __ ~ _______ OO~~fl.o _ 
KEY 006102 PA 00~057 RA 003403 
RHQA 005_~1;I3 RLAST 006071 SE 004533 
SGA· 005757 SGO 0)5207 SRl 006062 
Tl.,AST 006067 TR2 006074 TR3 006075 
TR5 006077 TRo 006100 TTOT 000001 
~A : __ Qjll~ __ ~A_~ _____ ~ ___ Q.06064 ____ ~D..EN 006063 

·WlC 0.J6065 

START OF CONSTANTS 
ODD 332 

25 
245 

E 
GA 
K 
RHO 
SG 
TA 
TR4 
VA 
WL 

000054 
0001&3 

00&Q72 
001577 
0061111 
&060&1 
00 &05 7 
000447 
o a &076 
002727 
006054 
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Appendix 2 

Computer Code BWL Listing. 
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PRaG~A~ qWL(INPUT,OUT~UT,T4PE&O =INPUT,TAPE91 
~Plr-T~~l::"'ENT-""OO'Et -:Ii> 6~C"E1) lfI-»rtING C1'IF -~V1CE -ll"S1J!:SCRI6PJ 

C SANOIA REPJRT ~ANO-75-0604 TJ TUC~ER,JE LEEMAN,DEC 1975 
C - -If't1"t1T CA~S-RE1UI~o"-- -- - -
C CAf.I'l 1 4F10. FO~"tAT 

-~C~--~C""') t-t UI't1ll'!1 M'1q o;~-'lH-="'lMO"""lrr0l'1r'1llA~t-I4't10"1lli1"'B'I='EV'R"""'TTO f""F -y" T11 rq!r10mlr1NIrIG':"S~-"'i1nAnlnl'1llMmOf1llMr13'T1-------------
C 11-2J NEG4TI~E-~EOUCE TIME STEP BY 10 IF CURRFNT 

- ~--- ------- - -TnCIrr~I'tT-U'CEE1)S-Z1)-nRCElfT-

C qLAN( -NO CHNGE IN TIME STEP 
- C ------ -POSITI7E-RUN--TI1H:- IIfUSn;-U--MIfICH"NEW TIME STEP 

C SPECIFIED IN COLUMNS 21-30 WILL BE APPLIED 
- ------,;- 21-3u rqE" lIn SIEP IN OSEe 

C 31-40 NON-BLANK--OUTPUTS INDIVIDUAL TURN VOLTS 
e- CA~r}'S£rA ------------I'tPUT -SOO£m"Ut.lY !"'-"f'ltt;-1"UR1'fAT T"Hf 1'ltNRC:~ 

C l~ TURNS IN EACH WINDING 
C - CA""t -SET 1)--- .. ----. -INPUT SEIlUENTTAl1. Y IN -lrFTO. -FUIV'fAT THE TURNS' HfCff 
C FOR ~ACH WINDING 

----r-C-- CAQiJ 3 'FlO. FORMAl _______ umu ___ n 

C COLUMNS 1-10 COIL INSIDE DIAMETER ---------------------- INCHES 
---- c- - -----U- .. "Zo--tR11A"-Tl"tE--t)UTstDC -Dr .. I'tE"T~1""INPlTT nmr----- "-INCHES 

C 21-30 COIL ~IRE DIAMETER -------------------------- HILS 
-~ -----na.ttO- -EX1'l"'lSlv-£ U!At:-V£utCln~ .. --"'--------------- ~'Usc:C 
C 41-5u AR~ATU~E RADIAL VELJCITY ---------------- HM'USEe 

------1L,- ~1-60 AlIAt HSFANCE Fe UPEI«(BLANK OEFAUL II ---- INCHES -
C 51-7J ARHATU~E TAPE~ ANGLE --------------------- DEG~EtS 
-~ -- -eitlID" ft t;-fFlO.- f'OmUf------------ -- -- ------------------ - -

C CQLUMNS 1-1D INJECTION CUR~ENT --------------------------- AMPS 
~-- --- -- -1-t-"Zlt-UUtt -I'fDUC"-TAlC£-- .. -----------.. --;.---------------------... -Uff 
C 21-30 LOAD ~~SISTANCE ----------------------------- O~MS 
C 31-,.0 ROIol F{fit! ------------------------------------ lISEC"--
C 41-53 TIME SfEP INC~E"ENT ------------------------- USEC --- - --- -c- -------- - -- ---51-o-0--011"Fus-r-o-n -t:"OSS-1'ttJLTTl'tIn--r.-TO-TAt:-1n 
C CARD 5 ~F10. FORMAT USE BLANK FI~LD AS DEFAULT 

-C - ----1.01:111'1~ -- "t-"l 0 -1ILt:JH!'t'J1't -e:1(Pt~ttI"NG- rrtI lTlfICltN-e:$S---- ------- INCHES 
C 11-2J ALU~INJM EXPLODING FOIL WIDTH ------------- INCHES 
C 21-30 ALOHlq~" ElPLJOING FJIC LE~GIH ------~~TNCHES 
C CAQO 5 bF1G. FORMAT BLANK D~FAULT-PLOTS SELF SCALED 

---- c-- ------- em: tJ1'IN')---l--111~i PUT" I-X- -"XIS TtlVl1:t1£- SPE"CrFlED 
C 11-2J SET PLJT 1 Y "XIS TO VALUE SPECIFIED 
c-- ---- -- - "Z1-"'3;t-~T"-~-:"'·-Z-X -l1CI-S-Ttl V.tUE SPECTf'rEO" 
C 31-4J ~ET PLlT 2 Y AXIS TO VALUE SPECIFIED 
C 41-50 5£1 P_lI 3 I UIS fa VIlluE SPECIFIED ---------
C 51-6D SET PLJT 3 Y AXIS TO VALUE SPECIFIED 

-- -01f0 troZ--- -- ---- -lJI1IIENCSTON-n-nOlTJ."Pc-rnOT,P'RUUV1'PL (,OCT-
000002 DIMENSION VPT(SO,50"T~ASTI50.50I 

- o-O(tOO-Z- -- - -- ------ --C01'IPrO,nltt ;.'lJOV'Vlr,n.-UTSIJ ,nriTP-CTSUT ,..-A..-c,ori --­
C IFL4G,JFLAG.JAA(SO,.[AA 

00000 Z COMON SOHG. 1 APlI,ANGLE.BDI50.50' ,I U iSO.5Q. ,NSEC 
000002 COMHON TURNLCSO.50'.~~JI50'.RrURNISO,50' 

- - -- -o-tltDD"Z------ -- -----C"Att- -E1'fTFt'Kf1Jr- ----- ------- - -- ---- --------- --- -- ---- ------ ----------- ----- - ---
00000 It CALL HDCOPY 19' 

---- oaowO-------------"RE"AIt-cnt.1C'SEl:.-xn.TF:r,ITZ----- - -- -- - -- -- - ------------ --------
000023 XF1=XF1 9 1.E-6 
DODD!" lF3!!XF!+l.E-6 
000025 IVOUT= XFZ 

-- --1!1tOtt&--------------n,.-1=n:r------ ---- ---- -- ---- -------------- ---
000030 NSEC=XSEC 

--- (totton ---- ---- ---ttAU -~o .-calfA-nTt1:=l-.-'4S-~l:"r- ------- ------
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o Q 004 Q 
030 {t4 r 
o aa 04 7 
000011 
OJ0111 

~~AO qO,eT?CeI'.I=l,NS~C' 
qi] 'f'OQ"JtT rAF1 ill ITT - --

~E AD 90, a,ao 0.1I0.VX, VV; T APO, A/I4GLE 
1O!FAO- 'q1J i C'3. En. FXR, TTJT' UT , RF4CT 
REaD qO,THIC~,~ICTH,~L~N 

-0 "ft"01t"O T-IZ"'3-- --.,.N"lt,....1 .... ="N .... k'"lZ .... =""Nl"I'k~3""'= .... I------------ ----------- -- -----
OaOlZ!; NY1=NY2=r-.;YJ=1 
0110131 ~rAo- .~-t - -.'XtIt, Ylrt .-XUZ-",'-JZ ,Kt13-, Vtfl 
000151 IFeXUl.N~.J)NXl=2 
(1)0 1? 3IF (XU2 • NE;, OTRXZ"= 2 -
00015; IFeXUJ.NE.HNX3=2 

-U-OO 15, IF (f01.N£.01 NT 1=2 --------_._---------- ._. 

00(11) 1 IF (yU 2 • ~l::. a, NY 2= 2 
000163- IF CYUT.~=:. (J) NY 3=-2 
OJOll)', TTOT=TTOT.l.E-1; 
000167 Vlt=V'Pl.E+5" 
000170 VY=VV·l.E+5 
lT1JU"'tTt--
OilQ172 
00017'* 
0;) 0 2J7 
000220 
000231 

uOOO z:n 
o ilO 236 
000231) 
OJ 024;) 
oaOZ41 
OJ 0245 

01 =01 +1. E;o---------- .-- --.-----.----­

fXL=EXL·l.E-1) 
11 =Ulc=Z$ 13=3 $'I It= 4$ 15=5 iI6=6$I7=7H 8=8$ 19=9liI 10=1 nrt 1 = 1 HI 12=12 
I13=13bI14=14£I15=15$I16=16$I17=17£I18=18$Ilq=19~I20=2J$I21=21 
1Z2=223IZ3=21$I21t=24tI25=Z5$IZ6=26$I27=27$T28=Z8iI2Q=ZQ$13G=3D 
131= 31 

--..,:rI1'flU7----------------- --

13 7 F 0 P·H ATe 1 H 1 • I 1/11 1/ 1/ " 
00 ttl l==l.NSEC 
NT'=ANaeII+1 
00 1~O J=1, NT 
IF (! • N E .!. , G Q TO 12() 

'-~'r .. -------- IF tJ. L ~. tt;-a-mr.-s.~,.-uro;-J".jq[ ;o~1'fr YlT,Tr---' -- ---- ____ n ---- -----.-

il ilO 27 () 
OOO:rol 
() a 0303 
000311 
o ) a 312 

IFeJ.EQ.S.JR.J.EQ.6,3lINT 113 
111 FO~MtlT11')r.'J(.·f'" 

IFeJ.'OQ.'HI P~INT 112 
GO TO 1IJC 

111 FOPHATe64X.IlI 
-1t11t~---~-rc F 0 QHA f (32X •••••••••• ~-•• -;-.-~. '-'''-•• ;";-;-;- ••••••••••••••••••• ~-; .-."-~. 

a 00 31 Z 
000 .314 
0:)0324 
o 00 J32 

--1!~OB3 

DaD 333 

000 333 
00033'3 
il J0351 

1 ............. , 
12J IFn.fTt.ZJ Ga TO UO 

?RINT 1?1.I2.I3 
IF (J • EU • N n l»R HI T 1 Z ~ 
GO TO 100 

122 FORt.1AT(17X, .................................. ·3Z)(· ••••••••••••••••• 
1 ••••••••••••••• • J 

133 IF U .NE .41 GO TO 14J 
PRINT 131.14.15,16.17 
IFeJ.::i).NTI p~I"r 132 

-1l1J1j'35",------- GO Ii) iU'j ---_.------" ---------"-------"- --- ------ ---

o JO 36J 131 FOPHAT e17X. Il. 30X. I1.3~X.ll. 30X. III 
-O:JO-361J 13Z FOql'tATf ,X,· ••• -•••••••••••••• 15)( •••••••••••••••••• r1~ •••••••••••• 

-O~ 31)0 
00il362 

-1)-" '400 -. 
o 00414 

1100414 

000414 

1 •••• "1 5 X· •••••••••••• _ •••• • ) 
140 1Fn.~<':''!t GO ro 1.'5J' 

?RI'n 141.18.IQ,IlJ.I11.I12.I13,I1It.I15 
-----~(J.c.a.'~T' nnrr-nr-- ----- ----- -.--------.-

141 FOQ~~T( gX.Il.14X.Il~1iX.I2.12X.I2.17X.I2.12X.IZ,15X.I2.12X.I21 
1ft Z "F O!?~1t T t4 ~.- ." •• -•••• -••• -.".' X· •••• " •••••• " 1X-•••••••••••• It-X •••••••••••• q~ 

1·~ •••••••••• 4)(· ••••••••••• 7X •••••••••••• SX •••••••••••• J 
C;-O Tl:' 10: 

-.---- - - - -------_._- ---- -- _._---------- -----------



15G IFU,'lL,t!'" GO TO lOG 0)0415 
ODD 417- p~r'\lr151, Ho,ITT,-Ir". 1 Pl. T2U, 121, 122. IZ3,-rZ-ct, T2" 120-, IZ 7 ,-IZ 8. IZq, 

lI30,I31 . 
DUO 46 3 --151 FO"IflU-ll+1C.-IZ, 5X, IZ ,51(, T2 '6X' 12, 7X, IZ, 6X, 12 ,l.-X tTZ-,oX, 12,9)(, IZ, 6)(, IZ 

l,4X,I2,6X,I2,7X,I2,6X.I2,5X.I2,6X,I2' 
-- --o-1J1T1il'i~---

0001t64 
O-a01i67 
000471 

-0-a0475 
o aD 515 
000535---
0(10543 
01t054:t 
b00561 
01]0565 
000571 
000575-
a 0 a 60 3 
O-aO 605 
0006U 

-OOOO!?-
000614 

GO IO-lOv .---
100 CONTINUE 
10"1 -C01'lTT'WE" ---- - -- ---- -------- --

PRINT 37 
-P~nrr 31, -c::r._ ~.-ntptT - -, ::-~r;_v1C._ TTor 
PRINT 32.WD,BOO,ANGLE,EKR,VY,JT 
PRINI j',,4:FACI 

38 FOPMAT(lX.FLUX LOSS M~LTIPLIER.F8.4/' 
P R"I"IT 91, CI -. A l'U 1" n-iT-'-: 1" n , 1= 1.- i'fS Ecr 
PR nn 36 
PR"INr 1"4 ---
PRP/T 35 
no 11 I=l,"'Iq~s~E"'C------

17 TPCI!)=TPCII)/Z.54 
A=-U-'''UI1 uO-a.l .c.'5"ItTZ;-­
~OO=lqOO-WJ/l0JO.'·2.5~/2. 

-- lHr=lfU· 2 • St+E-~- - --- -- ---

------- ----------------

--.rna 615 
0(1062 !l 
000621· 
000621 
00002"3"-
000624 

TAPO=TApn·Z.54 
W4-3.1415g'WU"2/4. 
NPP=G 

---------- -----_. 

000624 
000626 
0~5Z6-- -
000627 

--0 006"30----
o 0003a 
0:10 631 
000631 

-- --- -- -- - - - --.- -C-·· 

000634 
~0~6~-

000640 
000 643 

--- JT=O ------ -- -------------

"I=HN 
-RINT="O". 

HLAST=S. 
etAs I =CO 
TLAST=J. 

-~"ntsT=O-.--- ---- --- --- ----
SUMG= O. 

"NC"OUNT=O- -
BA SE = O. 
f=C. 

IF IT.Ea.C.'C=C!l 

DO 50 I=l,NSEC 
-------rr:!n:o-.tTTIT/Z; -------------

NT=ANA(II'+l. 
IF Il.GI.U8ASE=O lu,NI-I" FLOAI tHOon.2 •• ltPCuJlSPLlTtU 

l+CANA(II'-FLOATCNT-l,t/TPCCllt+l./TPCCllt 
-- 01l0071---m4=AN"AlTHT. ----- - ----- ----

000674 00 51 J=l,NN 
0--007Z--..----- - --- -- -OTI,-Jl= tFttTIITCJT~1" ;l"'11'C-U H1JA"SE - -- - - - --- - - - --- ----
000730 IFUMOOIANAfIt.l.t.El.J. tOfI,NNt=OfI,NN-1) 
000,33 51 CONIINOE 
000734 50 CONTINUE 

-0---00737--------- ----N-.-a=.-Al'UTIHT. - ----------- ---- . -- --- - ---- --- - ------------- ---------

0007~1 NPT=TTOT/OT 
. --o-n-o?Tt3"------- ---"Rf'1)n:-~1t.- -. 

000144 IF(WIOTH.EQ.O.tGO TO 53 
OD0746 IFtl.EQ.C.'RFOIL=S.4E-S+WLEN+2.S4/tIHICK+.lUfH+2.54++Z' 
a DO 754 51 CONTINUE 

-- --- - -- ---------c------------ ---.- .--- ---- -- - ----- ------- -- . -- - -- -- -- ---- - -- -- -- -- --- ---- -- --- -----
~00754 _ SR=R+EX~+RFOIL 

- - -0---01r157- - --- ---- ---c'-tl- Slu-rr-.-Cl;r- --- -- - -- - --
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0007&1 
OD076~ 
o ~O 7&5 
031l76T 
030770 
000773 
00077& 
01U1tD3"-
001005 
o D11tt1 
001013 
001015 
001017 

- 01U1121" 
001035 
01t1 rol) 

CALL SR2n,~t 
- -'5l=Cl. +EXL 
S~=R+E'XR 

--SI(-::S1HRFUTl-- -
IF{T.EQ.O,'CLC:SL 

R=SR+Cl.+RFaCI JISt 
OELH={H+HLASTt/2.+IT-TLASTt 
"ArnT~R'nrn-OEtl{- --- ----- - ---
UT=EXP{-HINrt 

-c~-cur,-st .-c0"- ATT 
NPP=NPP+1 
PIIRPP'=1+1.Ef6 
PC I"lPP t =C+l. E- 3 

-If CI''1yt • Err.-z-.- AN o. C'--I;!"- 1". GE • Y un PC-TNPP' =YUl 
PR{NPPt=S~ 

0010ltO C2:C""2 
u 00104Z G-=(C2+C2LASI1I2.+(I-rLASIJ 

00101t& SUMG=SVMG+G 
ota 1tS 0 CII lL F1Hl- -- -- TStJ11G, ~-=--on-, lflEK, wrOTH. TfIT Cl(, T, -C, TTOT) 
0010&0 TLAST=T 
0"1)1-061- V01::T:(C-CLASn 'tJT.TXl+~·nR 
o a 1 0& & I FIT. G T • TT 0 T t GO TO 20 a 

--1rnT1l7T-------InF~(5,...L- E XL. LE • J • , PRIN I 26, I ,C, S[, SR.-VUt:T'SOP1G. ATT 
OJll1& IF(qL-EXL.GT.O.tPRINT ZS,T,C,SL.SR,VOLr,SUMG,ATT,IAA,JFLAG 
00114"& IFtT.EQ'~.l--SlLll--ST=Sl-
00 1151S1 OOT= I qL-SLLA ST t/OT 
01)1"1;4 TOaUT:"SUJOrfst-
001154 St..LAST=SL 
001155 911 FO'lI'lAI (SX,+LJ0I7L=+E20.6' 
001155 If{IVOUT.EQ.OtGO TO ~~ 
DUtl; 6 - NCTIONT=lQCUUl(rH 
001160 If(~COUNT.EO.IVOUTtN:JJNT=O 
00"1161 VPTSUM=C. - ---"---
0011&2 If{NCOUNT.Ea.OtP~INT &5 
001165 66 F o "1'1 A I tiX, 6 tiX.1 ORR.,-X-...... V.,.,orr[-rI ..... S----.' ..... --.-:4 ... X'T'-r'-----------
oQl1&& 67 FOQMAT(lX,612X.NO.+7X+rURN·ltXtt 

o a11& 6 
001170" 
001172 
001201 
o ()1 20 1 
Oft121t r 
00121 :l 
On,1? 
o l122 3 
001226 

o H25 0 
- a 1tl"20 Z-

001310 

c 
DO E.G I=l,t-lSEC 
NV~1\1'l~{ n no­
If(~COUNT.EQ.OtPRI~T 52,1 

62 FO"'''lAIIlY,·wrNtJING NOHER-----.13 
00 128 J=l,NV 

------ ------

1\T~l't=1. 

If{J.EQ.~VtATE~M=ANAII)-FLOAT{IFIXIANAllttt 

"RIN=1tT1:~~HO cn+(2~ +~. 1-4PS9"+'HT.1TPC I Il r TIn 
If IT.EO.J.t TVtlST CI,Jt=TURNLlI.Jt 
vPI(I,JI=IORNL(I,J'+(~-CLASI"ul 

l+C·IT~~NL(I,Jt-TVASTII,J)t/OT 
- Z-HHURI'Hr-.Jl-·cr,pcrrru--

IFIO(!,NV-lt.GE.OU,NVttVPTlI,NV t=J. 
-- "TF"fr.-E"Oa-.-o-R • -r.r: 11.-2. "l~-'-I • E"U. 4. OR .-r -. EQ. S-.1)1( • r.EU. T6)­
lVPTSU~=VPT~U"+VPT{I,Jt 

t211 CONrIkIOE ---------------------
If(NCOUNT.EQ.JtPRINT &~.IJ,VPT(I,Jt,J=l.NVt o 01J13 

D1tt"3"3Z-
001-332 

-------6""4 1"~I'tA"Ttl~io ttx,-r!".-l"l1.-t.1tXrt 
I;il. co NTI~Uf 

ltO 133"5 - -- v-vtr- \lP-TSU~\lot T 



IF(NCOUNT.~a.O)PRINT &3,VVV OH33& 
0~1 :!4tj 
o :a 31t 5 
0~114~----

001352 

6' 1"~'tAT-f1X-irtX-i ·"THE' V'OtT""G~--SUlt- YS------ ·£'2 a-;~,,--
1)0 'H 1=1, ~SEC 

--- 001361 
o H 3&2 
O-al36'l'­
o 113&6 

-nV-~""N"-rIrH-.----­
DO 82 J=l,NV 
TVASIIl.J'=loRNLtl,J, 

82 CONTPIUE 
------1tl Co-~T-TI'ttJE- --

68 CONTINUE 

0013&& HlA~T=H 
o:n 36 7 C2(f(S I C2 
001371 IF(NF1.GE.0'GO TO 5 

----------------

-O'1tl'3Tr--- --- ---rFlC TCl1(-ST."GE-.T.-Z.~~"'.~lr.-£tT'-OTor::DT rro--. ---
0011t04 5 CONTINUE 
Ott11t-att -- ---rF"'rrrr .-Gr'-O-.-"lfU-.-r."'GE~-J(~rrDT=XF3' 
001415 IF(C/ClAST.GE.l.2'Jr=1 
001422 etAs I =C 
001423 r=T+DT 

-01tl1+Z'S - - - - -- - -- - -- ---IFH-.L r.-TTan,-onl>U--r"--'S3-- -- ------ --- ---- ----- -- --- -- - - --
001430 20 CONTINUE 

---01t11fltt------ - Z1t5-1:crnT~t1!------- ------------------ -------------- -- - ------ ----
001430 PRINT 37 
0014~4 p~r"1 203 
001440 203 FOQMAT(15X·AXI"l·15X·:~OSURE.13X.ARMArURE.12X.WINOING.3x.rURN./ 

-- ----- --- ---- -- -- --- rl"'x+nf~f .. tfl1("T111~1f,-X"--U1)t~f~~~·'t'5~USE'C·'t't,.x-·C1'I""-
o iJl440 00 200 1=1, NSEC 

---01t1-"Z----- --- -- -1'fT"=A1tA-tI1-H-- --- --------------------- -------- ~---- -- ---- --- ----- --- ---- -- - - --- -- - --
001445 00 205 J=l,NT 
001447' P~INT lIl1.0cr,J,.TlliI.J'.BOil.-J"I,J 
001415 IF(J.Ea.NT'PRINT 202,0(I,NT+l),TO(I,NT+l',BO(I,NT+l) 

.. -~tt~Z- -- - - --Zc-t-f"~"'T~X-.-F't".-4-,-5X-,-6r-l~-'-"f'~X-.-o-Pn-5-'--4,"'l(-,-z-r 1-ar- -- ----- - --
001522 202 FORMAT(lX·ENO·1X,F15.4,X·ENO·X.6PF15.4,X·ENO·X.OPF15.4,X.ENO 

----------- -- ----- ----l1)-----tlf~l'-- -- --------------------------------------------------- .... ---------- -- ---
001522 205 COt·nI~UE 
D0i5Z, ZDD CONI hOt. 

C 
·---o-nl-;27--------"3"r-.:uRKlrcllfll---------------------------.--------------- - - ------- ---------- .. --- ----.- -

00152131 FOqMATUX,·INJ CUR·,F5.1,4X.·:;OIL 10 ·,F8.4.4X,.ARM OIsr.F8.3,4X. 
--- - --------- ------ "l·LOlU--L"i6~F-a;V'ex, ... JlTIn--vn:- .... --5PF~ .. 1i.ft1C .... RUJlrlnt~Dl'F'8';:rr-- --- -

001521 32 FORMATI1X.·NIRE DIA·FS.4.4X,-ARM 00 .F8.4,4X,-AR" ANGlE.F1.3,4X, 
C·LO.O 1(.,F8.4. 
16X.·RAOIAl VEl.,-5PFS.4.4X.-' INC.6PF8.4) 

-O'1'l'5Z7'--------nFO"Pl'tltTnl(TIflf[J¥'I1t-.n·T(J~N~-1='T.-3'.n·TPr·F7eJ .'51:'.------- - ------ -. ---- --- -
2 .NNO.I4.2X.ru~NS.F7.3.2X.'Pl.F1.3.5X. 

-------- ------------ -r ------------.lfflU-rlt-.-Zl(TTurnrs~T._r.-21C-"TPPF7;:r; 5'Xn---- ------- -- -- -- --- - ---. 
o 01 52 7 36 F 0 R't l T 15 X· •••••••••••••••••••••••••••••••••••••••••• -•••••••••••• 

I· •••••••••••••••••••••••••••••••••••••••••••••••••••••• , 
001521 34 FORMATIX,I,6X.·TIME·,SK.-CURREN'-.5X.-INOUCTANCE •• 5X •• RESISTANCE., 

- -------- ------ ------" .. i~f1TPt1T·'9X, ... -.crn .. i-1t1Ci ... TT£lI·ift1C .. Ifron;-.-~x..,.UlUP.,------ -- ----. 
001527 35 FOR"ATI6X.·USEC·.11X,·A"PS·.9X.·UHENRY·l1X •• ON" •• 10X,.VOLTS •• 

-- ----- ------ ---- -----l~lr''''Z--~·-'J-- ----- -- --- --- - ----- ------- - -- ---- ------ -- -- -- ------------- --------- --- --- --
001521 25 FORMAT( 6PF10.4.0PF15.0,6PF15.4.0PF15.4.F15.1.E15.4.F15.5.2(10) 
OD1521 Z6 FOP".II 6PFiD.4.DPF1S.D,6PFI5.4.0PFi5.4.FiS.i.EiS.4.FiS.S. 

15X·XXXXXXXXXXX~XXX·' 
-o,-nz7' --------~----Cnt--nCRTn1ti1tiPT'.pt.1fpp."l.-Zil-i1t"8.lt8lf---------------c -- - - -- --- -- ---- - ---l't78tt . 

1 ,48N TIME IN USEC - --- -.. -- ---z--- -- - --.... "8'" ---- - ----- - ---- - - ------ClJR'RElfr-nr-xl'------ -- ---- ------ -- -- --,- 1,"1.16 
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3.,1~.,NX1,0.,XU1,NY1,G~,YUlt 
ClI LL -ATC'IT:H tr,:I, PT ,PL. ,..pp, r,ca, "Ita, "'''H 

1 ,It!J H 
Z -- ,4l1"W-- - - -nmucnNCE Itf 
3.,1&.,NX3,0.,XU3.NY3,O.,YU3t 

CALL IIlCR' nO,Q,pf,PR,'iPP,l,z,l,48,liiJH-
1 ,lt5H 

TIHE IN USEe 
lNEN -

TIHE IN USEC 
z- - .lpn~------- ---- -RESTSnNCE IN UH";-' 

01)1631 
001633 

c 

3.,1&.,NX2,O.,XU2,NY2,O.,YU2t 
---cnt ::XTFl"f( n 

;:Nf1 

P~Ot;RIU1 LENGni tN"CLUDtNG T/O RUF~QS 
:126420 

Loeo 

1,1, 16 

------uTmr 

, 1,1,16 

---------------- ------- ---------------- ----

FUNGTIO N flSSIGNMENTS 

STATE ME NT I\SSIGNM~NTS 

'5 ;. o J1ft015 2U- - IE1'+31 25 0()Z237 26 CQ2246 
31 002111 ~2 002121 l4 DO 2211 35 002226 
-r6 - - 0)2114 '!7 C 0210 7 36 - - --";--U-uI7T1 51 - o C-uTIlt- - ---
51 OJ 0755 ~O 001333 62 002026 64 002[J36 
01; n 11201: 5 Of Oc-20-Z-1 &a- l1a 367 - 6g - ODZC42 
CJ~ a H6S1 12 0021,1 CJ8 0:1,2011 100 OaO,.65 
111 ;. a0166,. 112 1l~1I666 - -113 0016£>1 120 OJU313 
121 OJ1677 122 OJ11'02 128 001311 130 000334 --nr-- 001713 132 DOH2e 137 OJl656--Tltrr -n--~-mrtrJOl -
1'+1 G n 7'32 142 C 017lt1 150 O()C ,+16 151 00 1 756 
Ztll uJZ'J7u 2G2 .. ' - 'U"JZOTn eln II 02 05'3 2tr5 ll:J1523 
2 il8 001431 

RLO CI( NAMeS ANO L C'NGTHS 
--- -------u- so 6" J ----------- --------------------_._-

IfA~ IA "L E f\-.:;SIG~E'HS 

A OJOO01CGl ANA C C4773:H ANGl:: o05144CJl ATE~M 02 C 327 
ATT 020n6 'lASE: CZll277 lJO 0015 14 SCO 1 ~01l 0') OOi)2G J1 
C Q 20 30 1 ~L 020311 CLAST 020273 CLO 020313 

---c1J- n0176 C2 t 20 317 -c-zr~ - 020275 -n----~t UlrUU-SCITr 
OElH 02031 c; '1T C 202J2 EDOUT 02G324 EXl 020171 
EXR OZ1!'Z:lt r; -.- CZ1tJ21r H 02031'+ HINT 02 iJ 271 
HLAST iJ20272 HN 020270 I 020175 IAA Ol51ltlC01 
r-r nlam-z I V()1JT C21l17 3" 11 nU2Z3 110 020234 
111 020235 112 C 20 23 f: 113 020237 114 (j 2 024u 

-~--------- o Z 0 zrn --~llh o 20 2ri2~- It7 --1l70 243 ~ ---y--r-g--------- 0 .?0241i -- -
I1g ,)20245 12 02022 '+ 120 02i1246 121 0202'+7 
Ill' . nit~O IZ~ t?1ll51 12ft 021lZ52 1C5 a l1l2? J 
12& - 020254 127 C202'55 128 02iJ256 I2CJ 02u257 
It 02O-Z~ no t!2O-Z~ ~ 131 o-znf:l 14 0211226 
IS 020227 tf) C2023(j 17 020231 18 020232 

-----t.,-------O ~O ~ ;,;, --r- C~OU)3 -- .----;111~----- DD5D'51cor-Jn.~----~6c-n 

JT 020266 N a Zil2f> 7 NAA 020 3t,. NGOUNT - 020276 
1Cf't o ~1tt 1"4 Nt./'- -.--- -e~l~J· IqPP aZt2615 I'tPT llZ1l3U 5 
NSEG J16755C:l NT 020262 NV alO 326 N)(1 02C2C7 
NXZ nOZlil ~1)(3 :.- 020211 NYl 020212 NYl 020213 



SUBROUTr~f S~l(T,TL~1 

000 OtP.--ontENSro,. - SL l5i),50T .s.-r51I'5O J • SC T5Q.5u-J • rJfAC-(51IJ .~nT50 1 
o 0 0 00 4 CD M Ii 0 N W D, A, 60 O. V X , VY , 0 ( 50 ,S 0» ,T PC ( 5 J I , A N A (5 0 I • 

C- -IFLAG.JFLAri,JAAT50T,IU- - ------- - - -
000004 COMMON SUMG,TAPO,ANGLE, aO(SO,50',TO(SO,501,NSEC 

~o~onOMO~OM4~------~C~Q~MmHnO~N~1nJR~l(SJ,SO'.~iJ(SO'.RfORN(SO,SO' ------------
000 00 4 WA=J.141'39.WO"·2/4. 
oaooos - A(;='ANGlEpj7;J 
000010 TU1= 0 • 
000]11 TFlAG=Q 
000012 JFLAG=8 

000013 
0-00 at 5 -
000020 
o aonZ1 
000024 
OOOOH 
000034 
0-00-0-31}' -
a I) () 04 a 
Olt01l51 

---T"c--------------------------------------------
DO 6 0 I = 1, ~S i: C 
FRJlC TIl =AlU (Il ~FLOATT rFIX'( ANHnl J 

JA~III=u. 
NT:A If A 1I n'1. 

1)0 2/\ J=l.NT 
R T O~N C I ,-~----------------- - - -- --------------- ---

26 TU~NLII,JI=O. 
- ')1)--6'2 J=l,IfT 

IF 10 II,JI.Lc. TAPf)) flO II,JI=BOO 
IF to fI, JI • G1' .1' AP!l' 130 tI ,J'-=B1l0 + m n, J '-TAPO} 

C ·SPHAGIICOSIIIG' 
--lJlJ1T07O- 52 CONIINOE -------------

000101 DOO=FRACCII/TPC(II 
a DittO 3If"-l on, t\T-ll .EO. IltI, nTt) 001J=1.1TP'C C II 
oaOl11 O(I,NT+ll=OCI,~TI+OOO 
0-00111 IFCD CI.NT+1T .l"E.-UPDl BU CT. NT+!) ==BOO 
000125 IFIDII,NT+U .GT.TAPO.AlfO.on.NT-lI.EU.OII.NTlI 

-------------nnrrrfl'fTn) =900" COcl,mr~---- T-;7'PC c I) '.$ INC AGI7CUSTAGJ 
o 00157 I F CD CI ,N T+ 11 • G T • TAPO. A If 0 • 0 n • N T - 11 • N::: • 0 fI • NT) I 

00_0214 
oa021 1 
o !l 0 221 
000223 
000224 
D ()D ZItI 
000 244 
tt on Z0;2 
0002& I) 

- 000264 
0002& 6 
000267 
000271 
!mo--zn 
000274 

- OiJOZ75 
o () 0305 
~030"7 

o ~ a 31 a 

31 

-- TBO fI. NT+ll =8 ():J" t ott; NT) -1'APOtFRA C r IJ ITPcrn )·STN CAG) !COS C AG) 
CONT IN'JE 
DO ?r: I=l,NSEC 
'H A C I I :;: A N A CI I + 1. 

-- - --- fIT'='IT A C I I 

'.10 H J=l. ''IT 
-n CI ,J) =0 CT, JI 'VU U-llfO 
Ct1NTINUC: 

TO l!. NTt1J=O-cr ,NT+U 'V" t U-JrO- - -eo CI .-NTt II} IV' 
NN N=NT + 1 

CONI I NO': 
SU"1L= ~. 
'11) 1 I=1,NSEC 
'H=ANAII)+1. 

-J~L= 1 
IFUG=: 
01) 27 J= 1, N I 
IF CT • LT. TC II. J II GO 
JF1:=J 
JFLAG=J 

TJ 3Z 

-0 o--o-n t 1Ft A G:T 
() 00311 I A A= I 

-0 ... O..,Or<3"'1""Z>---------....,""c'C""'!-, 3T=r.--------------
o 00 31 .3 J A A II I = J 

1) ~ 11''' 27 -COtlTII'lUE 
a () 0 :u I} IF (T • G E • TO C N SEC , ~T + 1 , , r L '" = 0 
a 00 3?rt IF TT .IJ':: .1'O-U-,-NTJ-;ANO. T.l E • To-n,-,nn JJGlJ TO - 32 



68 

000340 
0~0~4lt 

a ~ 0555 
000 36 ~ 
O-U 0-31""1- --
000 40 a 

- -O-UOlil 1" ---

000430_ 

. a ltD 14-15? 
0011460 

GO TO 1 
--CON THnIE-

- - IF-'3Ft. EU;RT.1Pro~un-"~TJ .TU. rrrr,NT-TJrJfL=JFL--l 
DO 2 J:JFL, NT 

IF tI.EQ.U.1 RHOCI 1=1. 664£-6 
RTU~N(I.JI=RHOIII·IZ.·3.14159·A+1.IT~CIIII/WA 

--IFtJ. ~.NTl~TUlrnn'.TJ=~TUR''HT'JTYf'"~''CTIJ----- -
IFIIFLAG.E~.O.1R.J.NE.JFLITSH=1. 

-- - --- --IF rrrc-tll1i.1>r,;o-.-AmJ.-J;-rQ-.-Jrc-L TIS1't::-t .-.. tT-TO IT ,-JFLJTI 
C (fOCI.J""L+lI-TC II,J-UI 
IF'Jrl.F~.'T-I.AiO.OII.N1J.EQ.O'l,Ni-1» 

1 T S "1= 1 • - IT - TOil, J FL HI) I IT 0 II. J F L + Z ) - T 0 II , J F L + 11 1 
---------IrtT-S-I'I.1.:C-.-o-.-'TSlf=O-.-- ----- ------ --- ------------

23 CONT I "IUE 
- ---01101401]" -

o 00474 
---- -- -- ------st-n. Jr=4-';~;Tltl,qTAYTlfl UGf8 •• If/lfUJ ..;'1-. 7H .-t;c-'} 

IFIJ.EO.JFLISLII,JI=SLII,JI·TSH 
a a a 50 1 
000507 
-0~0"15l1------- --
o a a 5Z 3 

- -o1t07Zlf---- -

000525 
000531 
tto~31-

o a 0534 
00-0-133, -
000546 
0009.)0 
000551 

C 

IF ( J • E 11. '1 lIS LI 1, J' = S L ( 1 • J' • - Rile n 1 
SL(I.JI=SLII,JI/SPLITIII 

- ----5tmt~StJl1n-SLtT. ~r ---
'5A II ,J)=J. 
-scn .Jr=o-~--- ---

01) 3 R-l, NSEC 
NP= A N A I I( I + 1. 

---JPP~- -- ----------

IF2=O 
----00--47 tlG=--r.-np--- ------ ---------

IFIT.LT.TOIi(,NG',GJ TO 42 
JPP=NG 
IF2= I( 

-11 ltQ9Jl- --- - rt7 --- --CONTTl'ltlE-- --- --- ---

000554 IFlT.GE.TOII,NPI.ANO.T.LE.TOU,NPH"GO TO 4Z 
--O-UO%7 -GO TO T ---------- ---- -

0005&7 42 CONT INUE 
C 

000567 IFIJPP.EO.NP.ANO.OII.N~I.EQ.OII.NP-lIIJPP=JPP-l 
--- -o Dtr60-Z------------ - - ocr -4-- L=JlTP'~P --- ----

000604 IFIIF2 .EQ.J.OR.L.ptE.JPPITSO=l. 
--- -lTOlT61-,.---- ------ - rrnrZ --.-CT. 1T;~rr.l,-::(1. JPPJTSO=l. - n-To-(~. ;WPHr 

000 634 
c ITOlk.JPP+11-TOIK,JP~11 

IF (JPP.EQ.NP-l.ANU.ull,NP' .EQ.ull,NP-IIJ 
lTSO=l.-IT-TCII,JPP+IIIIITOII,JPP+ZI-TOII,JPP+lll 

- - --0"-0661- - ---- -- -- --YFTTSO. L::.- o--.-JTStt=O. - - -- -- -- - -

o aD 664 Z4 ClJNTINUE 
- --tr01T6614--- ---- -- ------ -W=1)n:, LJ ~ 1)-U-,-Jr - -- - -. 

000674 IFIK.EQ.I.AND.L.EQ.JI(1=O. 
000703 IFtK.EU.I.ANu.L.EQ.JIGO fa 3D 
000711 IFIH.EQ.G.IGO TO 3D 

-ttOttnz---- - --- -------cn:l--~!JT U .... Jf.XlU- ----
000715 IFIL.EG.JPPIX~=XH.TSO 

- --01r072Z---------------yFIJ.TC; JFnXM=~~T~ -
000726 IFIL.EQ.NPIXH=XH.F~ACIKI 
a DO 131 IF (J .EQ.1f U!1=J(I1¥F 0 ... (If 
00073& XH=XH/SPLIT(K' 

- -o-aV07Ftl-------~--- -- -- -~JIf=""llof7SPl-rnn -- - 0 -- - -- - - - -- -- - - - -- -- - - - -

0007.... SC II ,JI=SC U ,J I+XH 
n-an-n~-- --~tr ------CONTINUE -- -- -------------- ------------0- -------- -- --



000753 
OV076; 
00100 4 
a ~T011 
001014 

IF(T.LE.G(K,L"VX'B=30CK,L' 
IF CT.GT. J C K,lTlVX113='BD CR.Ut (T- COU,U Ivxn.vy 

IF(B.GE.A-~O'~=A-WD 
'CALL 'AKUT( A. ,hlf,'XU 

IF(L.EO.JPP'XA=XA-TSl 
001021 
001025 
O-nU30 
01)1035 

IF (J.EC.JFLJ ){A-ItA' ISM 
XA=XA-O/U-WO' 

----- ... ----.-.----.---------

o tH Oft 1 
00lC44 
001 Oft , . 

'0 J1 05-; 
0010;6' 
001 Cf) 1 

. IF'Ct. E"'J. fff'llCA=n·RA;(1<J 
IF(J.EQ.~T'XA=XA-FRA:(I' 

XA: X A I'SPL I T no 
XA=XA/SPLIT(I' 
SAII,J':SAII,J'fKA 

Jq CO'HINU": 
4 CONTIWlf 
3 CONT INU: 

o J1 C07 
o 01072 

lTiJI074 
001076 
011111 
001113 
ann., 
001115 

TLM=TUHSL n ,JH"SC'c[, J J-SA CI, J} 
TU~NL(I,J)=SL(I,J).SC(l,J)-SACl,J' 

- JF [IJ=JFL-r 
DO 121 NO=l,JFLO 
IFfJFlU.O::O.Dl':iO TO 12 r• 

121 TURNL(I,~O)=O. 
1 Zft 'CONTPWf 

2 (;-1NTINUE 
o a 112 0- - .... l----.C ... O"'N"I-,InNTrO"'E------
001123 R€TURN 
001121 !:'ffi 

C 

SUBPROGRA~ LENGTH 
0?0123 

FUNCTION A~rt;iV'IENTS 

S I II IE ME NI 
1 
23 -
32 
60 

ASSIIJNM"i<lI'i 
001121 2 
00U4'61 2It 
000341 39 
0012215 El'l 

IJ LO (x N AMt.S Irn"J [< "'IG , RS 
050 1;50 

V AR IA rJL" ASSIGNMENTS 
A ~ 1l01l01HC;:;1 AG 
IJ 020117 90 

. 000 020101 FRAI, 
lAA OJ5141CGl IFLAG 

001116 
C Jtr565 
(iOl057 
000077 

CZU~T5 
CJ5145:J1 
C17730 
C Q5055::J 1 

J 
27 
42 
12ft 

"A~A . 
aOD 
Ft 
IF2 

.. 

--_. __ . --------. 

001J£>2 4 
000315 30 
000570 47 
001116 

O'Jltn3CJ1 A~GlE 
OaOO02eOl D 

CU1U57 
000754 
000552 

OJS144CH 
OOOOll5COl 

020115 -r-.---.-. 020076' 
020111 J 02010e 

.tU· -~~O-lj'1C O1--J1<l 'a 201tt4 . J1"lAG --0050'30C 0 1 .tFlO Q 2'0 121 
JPP 020110 K () 201tl6 L 020113 NG G20112 
N"m C'2tll0'l ~cr n01ZZ' . rqp .. 02U1U7 nSE'C . C 16755CO 1 
NT 020077 ~TI\ a 2~U1Z RHO 023 662C 01 RTURN r) 23744CUl 

-,)l .. 006120 SC '-.-- L;130Zt+ SL ~n~ SO"[ - -IJ'ZUTUT'-' 
JAPD oor;143CCl TPC 004711CJl TSM 020te 5 TSO 0213114 
T~t-l. 1:r1f)75~Cn T'C' ... lT1Z:l'n:n V~ - - tlOOOtl3C01 ,</y 0:; OGOItCJl 
IfA 020074 wn CCOOOO:01 XA 020120 XH C2G116 
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OOOntl4 
000004 
oaotrolt 

00000 .. 
000004 
0""30 no It 

c 

c 
c 
c 

sunROUTI~E S~2(T,~OUT' 
TIIMEt-{S!O"r RHOA (tOO T i iG1Ul0tJ ,SG (50' 
DIMENSIO~ RP1(50,,~~2(50I,RP3(SOI,WLC501 

i lHljO) 

l:OMI'IUA- If(), A-; IJ1l U, VX.- ~y i U 1St! ,SOT, TPC I 5 0) , ~NA(, OJ , 
IFLAG,JFLAG,JAACSOI,IAA 
CO i'! '" 0 N SO M G, I A PO , A N G L Eo B 0 I I) 0 , Ij C J , I 0 I 5 C , 5 A' ,N SEC 

COMMON TUR~LC50,50I,R~)(50"RTURN(50,501 
-vA, A (~IJA tTl,-Y--::!-, g& r n;-a61t.l. gal, 2. Olt7, 2.13,1), Z. 7, 1J, 3. ~ qq, 
~.5qa,4.217.4.637,1t.641.5.2&7.6.105. 
6.66'3,7. 37r.. 8-. 798, 9. ?TIJ. 9. qlO. 10.622. 
11.46&,12.313.13.951.15.440,17.136,16.12~, 

---------C...---.1"8;'J12'19. 28, 2 U. 08. 20. 60.21.10 .21. 97. 23 .19 .2 4. 2 Jt7?;7ct .----­
C 26.37,27.66.29.39.30.36.32.39.33.99,55.53,37.21.39.11, 
C 41 • 1 , 4 Z. 8 U , 4 It .- 41-, "7. 'l6 ,5 Z. r.8 , 5 Z. 50 , 5 3. 61 , 57; us '-60 • J1J, 
C 64.16,67.66,67.51,7J.56,74.60,79.17,65.42,91.75,101., 
C 11 f • -,~ 134. -, 16 ... ,I ~7 • , 19'5 •• Z,5 • , 346. , 423. ,-50 G ~ ,«;; 8 0 • , 62 U • , 
:; 54e. ,493. ,4 .. 9. ,3~6., 315. ,255.,220 .. 194. ,176. ,162 .. 11t7., 

--------- ---C-------rTI; fTTI+-. , 11 , • ,II a • ,-nro. ;T1)1 •• t'nf;-g ,,} T. 8 , 66 • 8 • 7 q. g, 72- ;r;-,-
C E:3.~,56 .. 49.1 

c 
c­
C 

-nATA (';GACIT,f=l,91))/O.,29J.2,ZT8lt.7,lC58Cf.,13617., 
23364.,26276.,j3950.,39909 •• 43986.,47407 •• 53296.,61347., 

- 15527;.,73 (;27 •• 76741+. , 8lJrtU 1 •• 83011. ,8492 ... ,87796. ,8'3258. , 
911S7.,92363.,13262.,94256 •• 95802.,98487.,1023&0.,104410., 

-----------r la7~70.,112 .. 70.,llb370.,119930.,12r.21Q •• 127qQO.,131760., 
C 135520.,138710.,141aoa.,1431t50.,14556G.,147500.,149710., 
C --IS"1 2 6tj. ,I-SZZ~" I'Z!Jttt;'"15 3570 • .-1,41)30 •• -150020 •• 1-S7Z &U • , 

alTO 1ro It 
000 00 5 
000 00 7 
00001) 
oooal'> 
o () 0 017 
tron01" 
0(10024 
00002 '3 
o DO 02 7 
O~tt36 
000041 
o nO~4? 
000 045 

12 
is 

15 PO 20. ,1586 7L .,1592 a 0 ., 1E 0430 • , 1 & 1550. , 162880 .. 1 f) 40 4 C • , 
C 1&511(;. ,1652 5t • ,-106870-; ,16 7Ti?1J • ,1061 7lJ. ,168580.,15 -S9-:rn • , 
C 168g4C.,16954C.,1706aO •• 170600.,17180C •• 172&00 •• 173000., 
·"T'C-.~1""'7'T1+:-"J2~, 1 , 46 '3 0 •• 1753 a 0 •• 17 60 50 ;-;J.7O'J5r-; , 1 776 2 0 ~ t17lJrr.-u--;-,u 

c 

17P6~O.,1792uC.,179q1C.,18G~60.,18202G.,183680 •• 185280., 
1!17? It C • -,18 81J 3t ., lin ~ TO. , l-q 111 2U ., 1925 3U • , 19lt5 60. , 1'38130 • , 
2D2~70.,20927C •• 215~~0.,223550.1 
WA= 3.1 It15-q74. -'wu.-'c 
AFL fI G=: 

IF! , • N~. J-.-rJ""G""ar-"ll""Or--o"l-'3~ --------- -- ---- ------------
[1') 12 I = 1,96 
RHOA(n=~HOA(TI·1.E-6 
CJNT UIIJE 

1m ?CZ T=l,5U 
2C2 R(I)=3. 

-----m:r 7"1rr---r=rt-"'A"",,"'=."f(,---
!:: F L=SQ R T ( (2. • 3.14159·A 1 ··2 +( 1. I TPC CI 1 •• 21 I 
NT=ANArIHl. 
M= 1 

-1)0 ZZO J=I,NT 
M=J-l 

o 00 04 6 ------.I .... F~-(,...Tr-.--,Lr-TT -. "T1-ftO-'(-YI-,C-<lr ,rT, ~GOn--T' -or) ~-- ----- -- --------.-- -------- -

o DO as 2 IF CT: CI , J) • G E • TI GO T J 25; 
0""3 O~ 6" -. If'" (J. "tF:. 'Hl-GO -TO 220 
00006"3 N= 1 
-0 ~1)0 ~ 1ft tIl = fT--TO-I 1-, NT )lIn 0 cI ,1'tT + 11 - T u II. Nn I.E1"l 

0:1 () 075 
It U-U- tt'r 6-
o (I() 10 1 
~ OUO "l 

1 • (ANAII)-FLOATUFI)(U"lAlIlllI 
1+( FLOAT (NT-N".E!"l ----------- --.- ------------------
- GO TO 26e 

Z 2J -C- O~lT"!1<l ur:: -. 
215 lolL (i)=C. 

GU - Tl)26-} 



o iJ 010 3 

000 12;J 
0-n0-rl"J 
000127 
00013l 
000133 
0-0 O"'tli Z -
000145 
O--no-utr -
000151 
000156 

250 WL(I'=FLQlT(M-ll-EFL 
1-f tT-iOfI-.l'In rrin n ;.'tfU .. TO-rI-;~ll ~F1. 

26 J W L (! I = A III A ( I I - c: F L -If U It 
-iF In nl~L~-'-1J. Ilfllil-::O-. 

21) COlllTINUE 
LlG 1Z') [=1,NSEC 
SG (! I =<:'J!o1 G I ( 1 co. -w At .. 21 «S PL IT (! I I" 21 

- ---00- TJO-J!:Z'~o 

I'!='J 
IFfS GA TJl-.-l i .-S'7fI J1 :;-, TO-l ~ 

IF (Sr;(!I.GE.SGA(96I1S:iUI::SGA(961 

Oil0157 130 
GO r 0 iii 0 
CONTINUE 

-01fonr--- - H1t ---1uronr~~Frol-r~- nf{~fn"Tl'n--f:N01lOf-1. J r - (sucn-SG~ Cl'f-ll , 
C I(~GA ('1I-SGl (M-1I1 

o -n017~ - - - - -1.-Z1t-- --~'WT rl<1tJE:--- - --- - - --
000175 110 gO I=l,NSEC 
000176 IF t T .l I. rot 1.1 JJ 11,,= 1. 
00020Z NT=ANA(!I +1. 
0--n02nt;- IF-n .-r.~;"n.-tll-TI-.or=r;-tT-T1t fl ,1nrtTfHT ,NTJ--TUrt, 111 
000216 IF(TIM.LE.0.IT1'1=0. 

-01f0-zt1 - ------ ----- - -- -~-n' ~~H1)111·ltL:lnnU-
000Z25 2)01 FOP"1AT(5)(,3E2!1.8,I5' 
000115 90 CONIINUE 
000227 J=8 

-"ftt,--n - - - --- - -- -- - - -00- -"-1=1-0 ,-ltt.? -- ---- -
000232 RP1CJ'=~(J' 

--0--n0"Z3lt-- -- -rF (F~ -- r n-.IT ~-U~ -.-lImJ;~--- n nr.t;r-;'1t.-, ~- -(n=~- - rn-n -.t: -~ --
000247 IF(NS€C.EQ.31'RP1CJ':R(II·R(I+ll/(~(I'+R(I+ll'+~(J' 

000 ZSO 
000260 
1)~Z6Z-

0002&4 
-0-n1t?6S--

000277 

1 0 Ii FORM A I t Et5 • 6 .t 5 , 
J=J+l 

-n--------CONTTJq(]£-- ------ -----

J=Ct 
-- 1]0- 7 t r= ~ ,-11t ,-Z - -- - - --

RP2(JI=RtJ' 
000300 IF tRPl(I1.LE.O •• AND."!fJltI+1J.LE.O.JRf'ltIl=Rf'IIIJ+i.E-Cf 
Oil0312 IFfNSFc.r;E.15IRP2(JI=RP1(II-RPlfI+l"(RP1(I'+RP1(I+l"+R(J' 

--U1JO~17-------- ----- - J=JJ-1-----

000320 71 CONTINUE 
--1t01t3Z'Z --- --------J=Z- - -----

000323 00 72 1=,.,6,2 
o DO 3Z 6 Rf' 3 t J I:: R' t J I 
000330 IF(RPl(II.LE.O •• AND.R~Z(I+l'.LE. ~'RP2(I'=RPl(I'+1.E-9 

--01t0~$-- - -- - ----lF11'fS1!c.Gt.TJRn(Jl=~Z(n·1{PZtT.nTtRPZ-ClT+RPZnHJ'+RrJl 

000355 2000 FOQ"1AT(5X,E2D.8,I5' 
-U1JO-l51f--- ------------;r-:Jn-- - --------- - ---
000357 72 CONTINUE 
1100361 IF il<P3tlJ.LE.O •• ANO.P3C3 J.LE.0.'1(f'3(2J:I(f'3(ZJH.E-':J 
000373 ROUT=IHU 

- Ha-371J---- ------- -If"ft.lS~.-G'E-.-31-ROtIT=ftp-3t-zl-'~;J(31TCRP"31Zrn~3T31~.lun------- - ---
000403 RETURN 

--t1t01t1tr.---------------- fJro------
C 

SUBPROGU'H LENGTH 
'-Ol-"'lJ --------------------- -- --------------- ------------- ----- - ------
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Q1) D1l1J ~ --
000005 
DllD1Jt-r---
000031 

FUNGTIQ~ SPLITCII 
--- ---- - ---I~rr.-E-a;lTspLTr=l.- -- -------- - - -- - ---

IF H.GE."2.ANO.I.LE.3ISfJLIT=2. 
- - --- -- -- -1:~fY-.-G!:;1t -- .~I'ffi. T ~ i:"F;7TS1't.-rr=ft-,; - - ----

IFCI.GE.~ .ANO.I.L~.ls 'SPLIT=8. 
000043 tFtl.GE.16 .ANu.l.LE.n ISPLII=16. 
000055 IFCI.GE.32 .ANO.t.LE.El3 JSPLIT=32. 
O-aoas-r----- -- ----- -----p~p;r------ --------------- ----- -----------

000071 E~O 
--. -------- --c·- ----- -------- . ---------------- -- ------------. -----------

- -sun1'ROt> RA 1'1 1. F"NGTI1 
a ()O 12 a 

FUNCTION ASSIGNMENTS 

SU TEME NT ASSIGNME~TS 

BLOCK N 1I'1:::S A~fJ L ~~GTH<; 

s-TART Of" C-O~SU?-1TS 
000.07,+ 

STAPT OF EMPO~ARES 
000t03 -----------

STA~ oFpn~c:::~fs 
000117 

UNUSED COMPILE~ SPliCE 
TZnlrr----- --------------



. 
000 UOo 
01100Z5 
o a DOH 
000033 

C:;Uf1QQUTI'lE' A'1tJTU, 3, J, IOU 
Gl=2.·~J~TIA·BI/SQRTe(A+B'~2+0··21 

GO= (l.-Cll/( 1 .. +ClI 
~F(CC.lf.U.ICO=l.E-& 

)(=ALOG(!t./CQ I 
1t"'rnrm:"1rr-------FI:"":'rJ =""xlr"r1+ CI"""!'J • ..,,,r2'or,Tr.1t ·.-. ....... t,..,.X--r-l.'~1i75~ ~TT-X--7. 76. , + con 67 25 6. " 2 S •. -000 OS 0 

C "(X-ll1./90.I+CO·"S/l6384."IZZ5.·(X-I.251 
000"067 

C 
~O=l. +CU.· ... 2/2~" n;;.· .-51 + (;0 .... ·,./16. "'3.· eX-13 .112. I +1;0 .... "6/128. 
·15."(X-I.ZI.CO"~'ZJ!t8."175."(x-1.251 

. nOUTJ 
oOOlZ6 

"XPf=ct •• :J.TltI5 gTSQ~T fA + In.·(F DIClf eCI + 1.' -Eu.rCI + 1. II Cl 1"1. £-9 
·RETURN 

-·000126 
C 

SUBPROGqA M LENGTH 
000Z70 

,:NC 

-S""Cr-O ........ CKr--1N-A"'--c""_S ............ U""UrT"""""·r-C"t""IO.IrI"Nr-G'rII:l'R~$----------·--- -.----

V-AIHA m. 1': ASStGN"f'lE"I<ITS 
CO 000264 Cl C OJ Z6 3 E (J oiJ02&7 

- X ... lJOlrZ6-S--- . 
Fa Oil 0250 

~s~r~A~~~I~O~F~C~O~N·S~IA~N~I~S--------------------~---------------·-----

000131 

START OF TEMPORARIES 
-01t021tO- --- . -------.- - .--

SlAw' OF l~OlRECIS 
ODD 263 

UNUSE 0 COI1PILER SPACE 
l-Z71" .. ----------- .--------. --- - .---. ---- ---

73 
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SU~~OUTINE FOILC$U~G.~TOIL.WL~N.WIDTH.THICK.T,C,TTOTI 
01t01)t ~-- - - -n1-""-1't~"t"Off- ---- ---1'~-t-'"'-.-E:-' t~01tt. ~'-fl1tQr,C-A-n"'-inn011tt~ln3lrOl • 

lPAC300I,SEC300I,SGO(300' 
- 0 ~01)t ~--- --- - -- --- -o"Em"t"01t-ItaMt~il1-iSl>A,61rt-- ------- - --- --- ---- ---- ---- -- -- -- -- -- -- - - -

000012 DATA CRHOACtl,I=1.5SI/S.4,8.&5.8.9.9.5,lC.l,lD.7,11.3,11.9.12.5. 
113.!r.14.0Z,14.~3,1~.O~.Z1.94,30.4,38.36,4'.38.55.35,62.26. 
269.71,76.63,85.41,96.38.105.8,112.5,122.7,139.7,164.9,200.2, 

-~S-'1.-.-l1t&.-:qt--3n .-t-,~'S-i~,-n8-.~.-;l%.7,~t'-;~i3-a-~.-Ii-,-37S.?'~61. 7,-
434Q.,317.2,300.5.283.,Z64.6,248.3,235.6,22Z.,201.5,2C1.4, 

-- - --5-t~2.1ti-t e1fi~,-1"''-.1-.-1'?1f 'L&o;..,,-l1)~i9r --- --- - -- -- --- - - - --- - - -
000012 DATA (SGAUI,I=1.551/0.,703.32,1538.7,2736.3,4118.I+,5602.6, 

170 Z2. 4 ,!'I4 71. 1, 10 DC 4 •• 1L 4 93., 15 12 O. ,14693 •• 16335 •• 2 5103., 32721. , 
238572.,45142 •• 5D55~.,546~5 •• 59DO&.,62166.,64811.,66615.,66096., 
:tOIJ15TO. 'T~7n ~-.- ITaZr;-.-n 5-a-8 -.-,-'73673.-,(5201-•• 761121r .-,7T1JZT. -,778ft7 .-. 
478280.,7q464.,82617.,~4030.,85&26.,679&0.,91267.,94614.,98047., 

-n O-ZO-r.-O .-t11JS';-4U .,-11 06CO.-, tllt?ZO. -, l-r81tl-o-. ,-1 Z-3 &1J 0-•• lc1f1~ .-, 
6133960 •• 14J290.,146870 •• 154280.,160930.,167020.1 

!lOOOH 
000(;14 

Wl-TAICK·MIOTH·!.54··Z ---------------

O~01tt6- -
000011; 
OlJ0111 T 
OJ0017 

IF (lolA. GT .0.1 GO TO '3 
-~f\)IL=u;-

GO TO 17 
, t::ONTTI'HJ£ 

000020 FAC1=4.?IZbEJI2 
000022 IF(T .NE.o.IGO f'J 8 
00002;J - no 12 1=r.-57--
OGOG27 12 ~HOAeII=QHOA(II·l.E-6 
o ~O l13lt 1\ co IIlnNl1f -
000034 SG=$UMG/(lJO.·WAI··2 

l1uOe37 (10 '-:' J=C:.55 
000G4J IFCSGAeJI.LT.SGI GO TJ 25 

----- - - --------

o ~OC4! ~Ffry=lH'OA (J-tJ + (~FlOA (J'"'~HOlH ;r-l TJ'- (SG-SGA fJ-l HI (SGA (JJ -SGA (J-1) J 
000053 GO TO 30 
OUo053 ZS COHTT~UE 

00005? QHC=FACT/~G··2·1.E-6 
1f-nllUOU--- -~u-~-- ----- ---------- ------------------------- - -- ----
000060 RFaIL=RH0·~L/HA 
0)01163 SR l=PFOTL 
000063 HO~~=2.69g 

OOU06S WAC=W".luO. 
000066 HL C=WL ·lC. 

--o--nlJ1l'TT - . ----IT1I.T1T.~O.,J-J~Jr:=""O~--- ---- --- -------- ---- ---- --

000072 IF (T.EIl.CI TLAST=O. 
o 0 0 07 4 ! F CT • E Q • 1J 1 C l "'i T = C 
000il7 7 IFCT.Er:l.:.IRLAST=SRl 
oaOl05 E=E+(T-TLASTJ/Z.'-(C'-·Z'-SR1+CLAST'-·Z·RLASTl 
01)0113 CLI\ST=C 

1t1Jtt1V+---- I [ II S I :-r-- -------------------
000115 ~LA~T=SQl 

000117 G"~Jl'Ir; 

0;)0120 JJ=JJ+l 
000122 TAUJJ=T 
000122 EA(JJI=E 
-~tztf- -~JJI=G -- -------------- ----------- --- ---------

000l~1; CA(JJI=C 
DlJ1)1~O V-A (.tJJ =C·S~l 
000132 RA(JJI=SRl 
000134 P-Jl(JJJ=cnZ.'iRl 



000136 SE IJJI=f/WIlC/WLC/WOEIj·1000. 
Ot0141t SGOIJJJ=GlifAC.·c 
Oil0150 H2: 25236. n:u: 32035. UR .. = 485&1. iTR5= 6577&. iTR6=167019. 
000157 -tFfT.lT.TTr)TJGO TO cltl--
000162 37 FOQI1AT Ufill 

---vmrn;-r- -----,2'1:S~5~F.,..on:C( .. i1M1a~'---,t~1"tlHl"'I't-:,-.1'1'onxr:,~.n'''''I"1I",r::''.-:,'''''8nxr:,'.''''C'''OICl(rcl(~E NfTt1 0 x , • V OC 'S • , 11 )( , .0 H MS. , 
110X,·POW~R·,qX,·EN~RGt.,qX,.ACrION.,lDX,.GOENS.10X.EOENS./ 
ZHf ,"6J(·fIf!1;~SEC·n-J(·.""~3~"<n OWATTS.qx.11I1.:l tJ.7X", -
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APPENDIX 3 

CMF DEVICE VOLTAGE 

The major internal and external CMF device voltages of design concern 

are illustrated in Fig. lAo From a straightforward application of 

* Kirchoff's laws, it follows that the individual turn voltage, V., is given 
1 

by 

*.* *. * V. = L.I + L.I + IR. (Al) 
111 1 

* * where L. and R. are turn inductance and resistance, respectively. It 
1 1 

.* 
should be noted in Eg. (Al) that the term involving L. is a voltage genera­

l 

tion term and thus is of opposite sense to the two voltage drops. Similarly, 

from Fig. lA, it can be seen that the turn to armature voltage gradient 

at the j th turn is given by 

* . 
Fj = ~ V./(A - B.) 

. 1 J 
1 

(A2) 

It should be noted that the separation distance (A - B.) between coil 
J 

and armature is directly proportional to tan e and, therefore, high voltage 

gradients might be expected in small closure angle devices. Codes SWL and 

BWL provide as an output Vout = IRload + Lload I and, as an option, the 

* turn voltage V .• Typical computed turn voltages from code SWL (see SWL 
1 

example in Section V for input parameters) are shown graphically in Fig. 2A. 
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FIGURE 2Ao Plot of turn voltage versus time for first (1), 50 th (maximum voltage), and 
last (70th) turn of eMF Device as predicted by code SWL. 
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