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ABSTRACT 

Fortran computer programs have been written for determining a geodesic path on an 
arbitrary surface of revolution. For this geodesic path on the surface, the cor- 
responding payout-eye locations are calculated so that a machine wi.ll lay the 
filament along this geodesic path. Mandrel geometry and eye clearance are con- 
sidered in locating the payout eye. The output of the program i s  a listing of points 
along the surface and the corresponding payout-eye positions. This information i s  
then processed by an APT postprocessor to produce a punched tape for a numerically 
control led filament winder. 
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SUMMARY 

Computer routines have been written for determining a geodesic path on an arbitrary 
surface of revolution and' for calculating the filament feed-eye locations so that a 
machine'will lay a filament along the geodesic path. The routines for determining 
the geodesic path are identical to those reported previously. ( 1 )  The method used in 
determining the geodesic path i s  to  approximate the arbitrary surface by a series of 
conical and cylindrical sections and compute the path on the individual section. 1.t 
has been shownQ) that this path converges to the true geodesic path on the original 

' 
;urface as the surface approximation converges. 

For a given point (rl, z of the geodesic on the surface, the corresponding'feed- 
eye position (r2, 22, 82 

where: 

kn represents the slope (dr/dz) of the surface at  (rl, Z ,  , el), 

D the length of the vector from the surface to the eye, and 

(Y the helix angle at (rl, zl ,  81). In the * expressions, 

+ i s  used when z i s  increasing (going up part); 

- i s  used for decreasing z (going down part). 

The other dimension of interest, the A angle (rotation of the eye about the r axis), 
IS: 

A = tan-' [rl sin (82 - 81 )/ (22 - 21 )I 

As can be noted from these equations, there i s  an infinite number of eye positions 
(one for each value of p) corresponding to  a point of the geodesic on thesurface. 
To uniquely locate the eye position, the clearance of the eye from the mandrel i s  



considered. The minimum Value of p which w i l l  allow the eye to clear the mandrel 
by the desired amount, produces a positive rotation of the mandrel and res,ults in  a 
positive feed of filament from the eye that i s  used. 

An interpolation scheme i s  ut i l ized for spacing points along the geodesic on the 
surface so that the machine path w i l l  not deviate more than a prescribed tolerance 
from the geodesic path. This interpolation would be adequate i f  the eye were 
located on the surface. However, since the eye i s  positioned inspace and the vector 
length from the surface to  the eye i s  continually changing, additional measuresare 
required t o  better space the eye points. Therefore, routines are included which add 
additional eye points when a large eye motion occurs and delete points when too 
closely spaced. 

The output of 'the computer- program i s  a listing of surface points along the geodesic 
path and the corresponding eye coordinates. These coordinates are also written on 
magnetic tape in a format of APT GO TO points.  his tape can be converted t o  
punched cards and ut i l ized as APT input for a filament-winder postprocessor. 



INTRODUCTION 

Manufacturing techniques for filament winding have advanced from machines mech- 
anically controlled by cams and chains to  highly versatile numerically controlled 
machines. However, to ut i l ize the capabilities of a numerically controlled mach- 
ine, alogrithms must be developed for computing those machine motions that are 
necessary t o  lay a filament along the desired paths. This capability i s  not currently 
available in APT or any of the other powerful numerical-control computer systems. 

One large class of filament-winding applications involve shapes which are surfaces 
of revolution. Since a geodesic path on any surface i s  a stable path, goedesics are 
often chosen as the desired filament paths. Alogrithms and computer routineswere 
developed earl ier(1) for determining a geodesic path on an arbitrary surface of re- 
volution. These routines are useful in designing filament-wound structures andana- 
lyzing their properties. The routines can be extended, however, to compute the 
machine feed-eye positions for laying a filament along these surface paths. The 
additional alogrithms for determining these feed-eye positions are developed in this 
report. The computer program for making the calculations i s  included. These com- 
puter routines have also been incorporated in the APTsystem as a pre-postprocessor. (3) 
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COMPUTER PROGRAM DEVELOPMENT 

GEODESIC PATH ON A SURFACE OF REVOLUTION 

The approach used in determining a geodesic path on an arbitrary surface of rev- 
olution has been reported previously. ( I )  A brief outline of this approach i s  as 
fol lows: First, approximate the contour of the surface of revolution by a series of 
short, straight-line segments. When rotated about the axis of rev~lut ion, these 
straight4 ine segments generate a series ' of conical and cylindrical sections which 
approximate the original surface of revolution. Then, by determining the geodesic 
on the individual conical and cylindrical sections and deriving criteria for crossing 
from one section to another, the geodesic for the overall surface can be determined. 
(It has been shown that as the approxirnatedsurface converges to the original surface, 
the geodesic on the approximation converges to the geodesic on the original .)(2) 

Computer programs have been written to compute a geodesic path on a surface of 
revolution.(l) The necessary input for computing the geodesic path is: 

1. Points along the contour of the surface to be wrapped (the straight l ine joining 
these points form the approximation of the surface). 

2. Init ial helix angle at an ini t ial  point. 

3. Number of circuits per pattern and number p f  mandrel revolutions per pattern 
(optional ). . 

4. Advance per circuit (optional). 

5. Flag indicating whether to adjust or distort the geodesic to  produce one having 
the desired revolutions per circuit. 

Given ' an ini t ial  he1 ix angle at  an ini t ial  point, a geodesic path i s  computed. If 
the circuits per pattern and revolution per pattern are specified, the rotation of the 
path i s  linearly distorted (if distort i s  specified) or a new geodesic having this rota- 
tion (if adjust i s  wanted) i s  computed to produce a path having the desired rotation. 

PAYOUT-EYE POSITION 

Once the path on the surface has been found, the problem then i s  to determine the 
location of the payout eye so that the filament pulled from the eye i s  la id along this 
path on the surface. This information w i l l  be procured by computing, for a given 
point on the surface, the corresponding eye coordinates. The eye axes are shown 
schematically in Figure 1 . 



Figure 1. A V E R T I C A L  FILAMENT WINDING MACHINE. 

As was done in  the previous work,(l) i t 'w i l l  be assumed that, locally, the surface to. 
be wrapped i s  a cone. Let the equation ofthe surface be (in cylindrical coordinates): 

where kn and b are constants. (Here kn i s  the slope of the cone dr/dz.) Let the 
geodesic pass .through point P1  whose coordinates are (rl, zl, 8,). 

Point P2 lies along the vector which i s  tangent to the geodesic at PI, as shown in 
Figures 2 and 3. A coordinate frame can be established - at PI such that the basis 
i s  composed of three orthogonal unit  vectors, El, Z2, and N, where: 

vector along.meridian, 

vector normal to surface, and 



Figure 2. POINT ON THE 'SURFACE OF A CONE AND CORRE- 
SPONDING POINT IN THE TANGENT PLANE. 

Then, the vector from PI to P2 i s  

where : 

p represents the length of the vector from PI t o  P2, and 

a the he1 ix angle to PI . 
\" 



Figure 3. VECTOR FROM T H E  SURFACE TO THE E Y E  IN T H E  TAN- 
GENT P L A N E  - POSITIVE Z DIRECTION. 

Thus, the position ve'ctor is: 

- 
(p sin n ) i t  or 

= [ r ,  +Cn p c o s ' a / - d ~ ) ]  i + (.sin a) + 

I f  the path were being traced i n  a negative z direction, as shown in Figure 4, 
Equation 1 would become: 

J = ( -p cos a )  E l  + (p sin a) E2 (3) 



Figure 4. VECTOR FROM THE SURFACE TO TH,E EYE - 
NEGATIVE Z DIRECTION. 

and Equation 2 would be changed to : 

In any case, P = (r2, z2, e2), 2 

where: 

z2 = = 1  f p cos a/ d?: and 

- 1 
9 = e + tan  ( Y 2 / ~ 2 ) r ~ r  
2 1 

+ +*n-l{. sin a /  [rl * (kn cOs a/d-)]l. 9 2 =  1 



.In the expression *, + i s  for increasing z, and - is.for.decreasing z. 

Thus, correspondingtto (rl, zl, el) on the surface, as shown in  Figure 5, the cor- 
responding eye location i s  (r 8 ) whose value is given by Equations.5, 6, and 

7. 
2' z2f 2 

z 

Filament Path 

Figure 5. VECTOR FROM THE SURFACE T O  THE E Y E  ON 
A SURFACE O F  REVOLUTION. 

The fourth axis of interest i s  the rotation of the payout eye about its axis. The f i l -  
ament band i s  to be fed through a slitwhichwill be normal to the vector from surface 
to eye. With P2 located in the X-Z plane (axis of the feed eye along the ?vector), 
the vector from surface to eye becomes (Figure 6 shows the projection of this vector 
into the X-Y plane): . 

where: 

= [r2-r lcos ( - A 8 ) ] 7 + [ 0 - r l s i n  ( - A e ) ]  i+ (z2-z1)L ,or  

= [r2 - r cos (he) ]  f + [rl sin ( ~ e )  J T + (2, - z1 )I , 

A9 =, 5 -e l .  



Figure 6. PROJECTION OF A FILAMENT VECTOR 
INTO THE X-Y  PLANE. 

Let V7 be the vector along the slit in  the payout eye. Then G wi l l  be perpendicular 
to and or: 

- - - 
w = V x  i, 

= (z2 - z l )T  - (r sin ~ e ) k  . 

The angle the eye makes with the X-Y plane (the "A" angle) can then be found by: 

- 
cos A = F i/ ( I F ~ J I T J ) ,  . . 

2 - z1 )2 + (rl sin M )  . 

Thus, Angle A can be found by: 

INTERPOLATING ALONG THE GEODESIC ON THE SURFACE 

A numerically controlled machine moves from one commanded position to another 
such that the motion along each axis i s  linear within that axis. For the winder, the 
motion the eye makes w i l l  be linear in r, z, and 8 in moving from one point to an- 
other. Hence, the path traced w i l l  not follow a geodesic except in the special 
case where the surface i s  cylindrical. To ensure that the path w i l l  not deviate more 



than some preset tolerance from the geodesic, i t  may be necessary to interjectad- 
ditional points along the geodesic. 

In determining an interpolation scheme, the developed surface i s  ut i l ized (Fig- 
ure 7);(') The geodesic path from PI to P2 i s  a straight line on the developed 

Figure 7. MACHINE MOTION SHOWN ON A DEVELOPED SURFACE. 

surface while the machine path w i l l  be that of a spiral p = Arp + B. The radius of 
curvature of the spiral i s  computed at PI and used to determine the maximum step 
that can be taken. I f  the allowable step i s  less than the distance from PI to P2, 
then a new point, P3, i s  added and the process i s  continued. 

The radius of curvature of the spiral can be found by: 

Here, 

d2p /d~2  = 0, and 



where: 

0 represents the he1 ix angle, 

kn the slope of the cone, 

I n 

r1  the radius of surface at  PI . 
Then, the radius of curvature becomes: 

where: 

c = r s i n q  
0 0 

, (oO i s  the helix angle at  some point whose radius i s  rO). 

The maxfmum step that can be taken with the distance between a circle of radius, 
Rc, and the line not exceeding some tolerance, t, i s  found (see Figure 8)to be: 

F,igure 8. DISTANCE BETWEEN THE CIRCLE 
O F  RADIUS R, AND A CORD TriA'T EUUALS t .  



The distance, d, can be used to determine the point P thus: 
3' 

From AQ, the point P = (r3, z3. e3) canbe found: 
3 

'3 
= c/sin ( a  '- A@)' and . (14) 

Equations 12 - 15 are derived for the..cone when r < r  (see Figure 7). When going 
the other direction, r > r  the equation becomes: 

1 2  
1 2' . . . . 

- d  d v ] ]  and (1 6) 

3 
= c /  sin (a + AV) 

LOCATING THE PAYOUT EYE TO CLEAR THE MANDREL 

In a previous section, equations were developed for locating the payout eye cor- 
responding to  a point on the surface. Equations 5 - 8 showed that the eye could be 
located anywhere along the tangent vector and that the filament would lay on the 
surface a.t the desired point. To uniquely locate a position for the eye, another 
factor must be taken into consideration - the clearance of the eye from the 
mandrel. 

For' a tangent vector of length p, the coordinates of the eye can be found. With the 
payout geometry as shown i n  Figures 9 and 1 0, the coordinates of P2 and P3 (P4 and 
P5 are used when P1 i s  located below the' maximum diameter of the part) are then 



Figure 9. R E L A T I O N  O F  T H E  P A Y O U T  E Y E  T O  T H E  MANDREL.  

Figure 10. E N L A R G E D  VIEW O F  T H E  P A Y O U T  E Y E  AND 
M A N D R E L . ,  



determined. Using these coordinates, the horizontal clearances dl, d2, and d3 can 
be cal.culated. If a point defining the mandrel i s  located between P2 and P3, the 
horizontal distance from the point on the mandrel and a line connecting P2 and P3 
i s  also computed (distance dq, as shown in  Figure 10). If any of these distances are 
less than the desired. clearance, the vector length, 0, i s  increased by an amount 
Ap and the procedure continued unti l  a l l  points clear by  'the desired amount. I f  a l l  
points clear init ially, the vector length, p, i s  decreased by Ap until a further re- 
duction i n  p would produce a clearance less than desired, produce a negative A8 
of the eye, or produce a negative feed of filament through the eye. 

This procedure-defines the payout point for a given surface point and allows the eye 
t o  remain asclose as possible t o  the surfacewhile maintaining a specified horizontal 
clearance. Staying close to the surface in  most cases results in a minimum motion of 
the eye. There have been cases, however, where this procedure has resulted in  a 
sudden large lengthening pf  the vector, producing large delta motions of the eye. 

Most of these cases were results ofwrapping with a low helix angle where shaft in- 
terference became a problem. In these cases i t  would have been desirable to have 
some of the points preceding this large change with vector lengths greater than that 
of minimum clearance. This condition could be accomplished by reworking the pre- 
vious information when a situation such as this arises. At  this time, no such routine 
has been developed t o  rework the information. 

A routine has been written, however, for interjecting additional eye points when a 
large A8 of the eye i s  encountered. I f  the A8 from one computed eye position to 
the next i s  greater than DTMAX (DTMAX i s  init ialized in subroutine FLWNDR and 
i s  currently set at 45O), then subroutine BLKADD i s  called to add additonal eye 
positions. Additional eye points are computed for A8 (eye) in increments of 18 
degrees (increments of DBA which i s  currently set at 18O in  ~"broutine BLKADD). . 
This calculation i s  accomplished by determining the vector length (surface to eye) 
which w i l l  produce the desired 8 (eye) coordinate. The remaining eye coordinates 
are then computed using this vector length. If this eye position w i l l  not produce the 
desired clearance, the r coordinate i s  set to the minimum value which w i l l  give the 
clearance. Thus, the points added by this routine, i f  the r coordinate i s  altered, 
may not l i e  along the proper tangent vector. Hence, points added by this routine 
are preceded by an asterisk in the output listing. 

Another undesirable situation which can occur by using the shortest length vector i s  
that of point spacing. The interpolation scheme, previously described, spaces the 
points along the geodesic on the'surface to  assure a given tolerance. This scheme 
would'be adequate i f  the eye were located on the surface. However,. since the eye 
i s  located i n  space, equally spaced surface points can produce unequally spaced 
eye location points. When us'ing a numerically control led machine, points too 
closely spaced can slow down the operation since there i s  a finite minimum block 
execution time (tape-read time or interpolation time). 



A routine, BLKDLT, was written to eliminate points whose eye positions are too 
closely spaced. This adjustment i s  accomplished by defining a five-dimensional 
motion vector whose components are i n  a sense normalized, that is :  

fl = (Ar, Az, All ~ 8 / 1 5 ,  AA/  25), 

where: 

A r  represents the delta motion of the r axis, 

A z  the delta motion of the z axis, 

A I the filament fed, 

Ae the delta mandrel rotation (degrees), and 

A A  the delta eye rotation (degrees). 

The norm of this motion vector i s  defined to be: 

r + A z l + l A l 1 + ( ~ 8 / 1 5 1  + ) ~ ~ / 2 5 1 .  lml = la I I 
Ihe eye positions, as shown on-the output listing, are examinedand points eliminated 
until the resulting motion i s  such thcit: 

These remaining points are then written on magnetic tape in the format of APT GO 
TO points, This tape con be converted to  punch card and the cards processed by an 
APT postprocessor. 

FILAMENT FEED 

In trying to maintain a constant rate of filament being fed from the eye, it i s  neces- 
sary to compute the length of filament fed as the eye moves from one point to an- 
other. If the eye moves from P1  to P2, as shown in Figure 11, then the filament that 
i s  fed can be determined, that is: 



Positions 

Figure 11 .  FEED-EYE POSITIONS BEFORE AND AFTER 
MOTION. 

f l  represents the filament fed from the eye, 

I the filament la id on the surface, 

p 1  the vector length a t  the start of motion, and 

p2 the vector length a t  the end of motion. 

The filament laid on t e surface i s  computed in the routines which determine the 
path on the surface. ( I? 

\ 

PLOT OF THE EYE POSITION 

I 

In order t o  better visualize the wrap, computer routines' have been written to draw 

two-dimensional plots of the surface path and the corresponding path of the pay- 
out eye. Figures 12 and .I3 are illustrations of this type of plot. Shown in Figure .. 2,) 

12 i s  Z (the carriage position) versus 0 (the mandrel rotation) for one circuit. The 
inside plot i s  the path on the surface and the outer plot i s  the payout eye, with a 
l ine joining corresponding surface and eye points. Figure 1.3 shows R (the cross car- 
riage) versus Z. These plots are for a 55-degree helix-angle wrap pattern on the 
mdndrel shown in Figure 14. 



Surface 

' 0.50 1 .OO 
THETA , 
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Figure 12. 2 - 8  P L O T  FOR A, WRAP ON THE MANQREL SHUWN IN FIGURE 14. 
Figure 13. R-Z P L O T ,  FOR A WRAP ON T H E  MANDREL SHOWN IN 
FIGURE 14. 



COMPUTER PROGRAM 

The computer program consists of a'main prdgram and 10 subroutines written in 
* .  

Fortran II. language. These routines are described in the A pendix. In addition, 
(47. several plotting routines for. the Gerber Scientific Plotter are ut i l ized in  con- 

structing the plots previously mentioned. 

. . 
Program Input 

The input to the computer program consists of 'the following: 

1. The number of points used in defining the surface. 

2. Coordinates of the points defining the surface (straight lines joining these points 
form the approximation of the surface) in  order of increasing z. 

3. Desired clearance (eye to  mandrel).' 

4. Tolerance for surface interpolation (allowable deviation of spiral to geodesic). 

5. Shaft radii. 

6. The number of geodesics', to be wrapped, and for each geodesic: (a)coordinates 
of the ini t ial  point, (b) ini t ial  he1 ix angle, (c) advance per circuit (revolutioris), 
(d)number of circuits to bewrapped, (e)-number of circuits per pattern, (f) number 
of revolutions per patfern, (g) f lag indicating whether to adjust the he1 ix angle 
or distort the geodesic, (h) f lag indicating i f  plot i s  wanted, qr~d (i) scale of plnt 
(if desired). 

The format for the program .input i s  shown .in the Appendix. 

If the number of circuits per pattern and revolution per pattern are not specified 
(left blank), the geodesic wrapped w i l l  be that determined by the ini t ial  conditions. 
However, i f  the circuits per pattern and revolutions per pattern are specified, a new 
geodesic ( i f  an adjustment i s  wanted) w i l l  be found or the rotation of the computed 
geodesic distorted ( i f  a distort i s  wanted) to obtain a path having the desired number 
of revolutions per circuit. 

Program Output 

There are two listings for each geodesic computed. The first list shows the input 
data specifying the geodesic. Also shown on the first list i s  the total mandrel rota- 
tion (degrees) for a circuit, the length of filament la id on the surface during a cir- 
cuit, and the distortion factor (the computed rotation i s  multiplied by this factor to 
achieve the desired number of revolutions per circuit. 



Figure 14. TEST MANDREL WOUND ON A NUMERICALLY CONTROLLED WINDER. 



The second l isting shows the eye positions corresponding to points along the geodesic 
on the surface. This l i s t  includes the coordinates of the surface point (rl, zjf el), 
the corresponding eye coordinates (r2, , e2), the A angle of the eye, the ength 
of the vector from the surface point to t e eye, the filament fed as the eye moves 
from the previous to the present position, the filament laid on the surfaceduring 
this motion, and the angular positions, 9 and A, in revolutions. Interpolated eye 
positions (interjected by subroutine BLKADD) are preceded by asterisks. 

The first surface point and eye position shown in the l i s t  wil l  be located at the 
maximum diameter of the mandrel. The second eye position shown i s  the point in 
space corresponding to that same surface point; that is, the first motion of the eye 
i s  from a starting point on the surface to a point in space. This motion i s  for setup 
purposes. The eye starts at a known point on the surface and then preceeds through 
the circuit. The final point listed for the circuit i s  the same as that of the first 
space point. 

An example of the program output i s  included in the Appendix. 
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APPENDIX 

COMPUTER PROGRAM 

The computer program consists of a main program and ten subroutines written in  
Fortran II. Also, certain plotting routines(4) for the Gerber Scientific Plotter are 
ut i l ized i n  constructing the plots described earlier. The input format i s  shown in 
Figure A-1; the deck arrangement i s  presented in  Figure A-2. .The Fortran routines 
are described in the sections that follow. 

Main Program WNMAIN  
. . 

This i s  the main computer program for determining the winder-eye locations. Payout- 
eye and vector parameters are init ialized here and the input data are read in. 
Routines for computing the geodesic on the surface and determining the payout-eye 
location are then called.. If plots are wanted, the plotting routine i s  called. 

subroutine PARMET. 

This.routine computesvarious parameters for the conical and cylindrical sections that 
make up the surface. These parameters are stored and used by the other routines 
called. 

Subroutine DELTHA 

This routine determines the delta theta (mandrel rotation) on the surface for each 
.section and the total rotation for one circuit. The length of f i lamentlaid i s  also 
computed. The subroutine argument i s  the geodesic number. 

Subroutine ADJUST . . 

This routine i s  called to  adjust the ini t ial  helix angle in  order to  obtain a geodesic 
having a predetermined number of revolutions per circuit. .The first argument of 
ADJUST i s  the geodesic number, the second i s  the desired number of revolutions per 
pattern, the third i s  the desired number of circuits per pattern, the fourth i s  the 
number of revolutions per circuit  of the geodesic as init,ially specified, the f i f th 
i s  the maximum difference that w i l l  be a l  lowed between the numbdr of revolutions 
per circuit 'of a new geodesic and the revolutions per circuit desired, and the sixth 
i s  a f lag i.ndicating tb the cal l ing program whether or not a g,eodesic could be found 
having the desired number of revolutions per circuit. 

Subroutine FLWNDR 

In this routine, the path on the surface as computed in  DELTHA i s  followed and the 
routine for computing payout-eye location; i s  called when desired. Path inter- 
polation i s  performed when the spiral path and geodesic deviate by more than the 



Figure A-1. PROGRAM INPUT F O R M A T .  



/ Data Cards 

Figure A-2. 'PROGRAM DECK ARRANGEMENT.  



- desired tolerance. If the point on the surface corresponding to a payout-eye 
position i s  a defining point of the surface, the average slope i s  computed and used 
in locating the eye. It i s  in this routine that the surface and eye positions are print- 

. > ed as output. The first argument of FLWNDR i s  the geodesic number. The next four 
arguments are the cylindrical coordinates and the A angle of the eye at the finish 
of the previous geodesic (if 1 > 1 ). (This information can be ut i l ized in transitioning 
from one geodesic to another.) The fifth argument i s  the vector length at  the last 
computed eye position. The final argument i s  the tolerance desired, spiral to 
geodesic . 
Subroutine EYELOC 

This routine i s  called by FLWNDR to determine the position of the payout eye cor- 
responding to a wrap point on the surface. The payout eye i s  located so thatthe 
eye d~ears the mandrel by the desired amount. It i s  also in the routine that the A 
angle of the eye i s  computed. The first argument of EYELOC i s  the geodesic number; 
the next three arguments are the cylindrical cbordinates of the point on the surface 
(r, z, 8); the f i f th argument i s  the last used vector length; the next argument i s  a 
flag indicating increasing or decreasing Z (going up or down part); the next two argu- 

ments are the average slope, kn, and for that slope; and the ninth argu- 
ment i s  the theta coordinate o f  the previous eye position. The routine returns with 
the next four arguments which are the coordinates and the A angle o f  the payout 
eye. The final argument i s  the length o f  filament laid on the surface in  making the 
present motion. 

Subroutine BLKADD ' - 
This routine i s  called when a l,arge Ae of the eye i s  encountered. Additional eye 
positions are computed for A6 (eye) in increments of DBA, which i s  currently set in 
this routine at 18 degrees. The first argument of BLKADD i s  the geodesic number; 
the next f ive arguments are the surface coordinates (r, z, e), the surface slope, and 
the 8 coordinate of the eye at the beginning of the motion; the next f ive arguments 
are the surface coordinates (r, z, e), the surface slope, and the ecoordinate at the 
end of the motion; the .twelfth argument i s  the length of filament fed from the eye 
during the motion, and the thirteenth i s  the length of filament laid on the surface. 
The final argument i s  a flag indicating increasing or decreasing Z (going up or down 
part). 

Suljroul.ine BLKDLT 

This routine i s  called by subroutine FLWNDR when a l l  of the eye positions for a 
geodesic have been, computed. The function of the routine i s  to eliminate eye 
points which are too closely spaced. A normal ized five-dimensional motion vector 
i s  constructed. The eye positions, as shown on the output listing, are examined and 
points eliminated until the resulting motion i s  greater than the established minimum. 
,The remaining points are written on magnetic tape in  APT format as GO TO points. 
The single argument of this routine i s  the number of cornp.uted eye po5itions for the 
geodesic . 



Subroutine RMANDL 

This routine determines the mandrel radius for a given Z coordinate. This radius i s  
used to compute eye clearance. If Z i s  less than z or greater than zm, the ap- 1' 
propriate shaft radius i s  used. The first argument i s  the Z coordinate and the routine 
returns with the second argument, the radius of the mandrel. 

Subroutine TZZPPT 

This i s  the routine used in making the Z-9 and R-Z plots. The first two arguments 
are the coordinates of the origin for the plots. The routine produces two plots each 
having their origin at (XO, YO). The third argument i s  the scale for the Z axis of 
Z-8 plot and the fourth argument i s  the length for the theta axis. The f i f th argu- 
ment of TZZPPT i s  the scale for the R-Z plot. 

Subroutine AXPLOT 

This routine, called by TZZPPT, i s  an axis generator. Its purpose i s  to draw and 
and label the axes for a plot. 

EXAMPLE OF PROGRAM USAGE 

As Example 1, two geodesics are computed for the mandrel shown in Figure 14. This  
mandrel i s  basically a cylinder joined on each end by cones having considerably 
different slopes. The ends of the mandrel are flat plates. Twenty-one points were 
used in defining the contour of the surface as shown in Figure A-3. The program in- 
put i s  presented in Figure A-4. The program output for this example i s  outlined in 
Table A-1 . 



Figure A-3. C O N T O U R  O F  S U R F A C E  U S E D  
IN E X A M P L E .  





Table A-1 

PRINTOUT FCR EXAMPLE 

E E L  I X A T  P O I N T  T C T A L  C I S T C R T  F I L M N T  NO. O F  C l R C  P E R  R E V  P E R  A D V A N C E  kR4 P C L E ~ R -  
G E O C E S  l C  A U G L E  R  Z Q C T b T I  C h  F A C T C R  L C N G T F  C I R C U I T S  P A T T E R U  P A T T E ? N  P E R  t l k  T O L t R h C E  P N C F  

+* WRAP P O I N T  O N  M A N D R E L  $ 4 .  E Y E  L C C A T I C N  I K  S P P C E  +*  V E C T O R  F I L t ' T  F I L M 1  R A N G L E  P  A C G L E  
R  Z T H E T A  R Z T K E T P  b P V G L E  L E N G T H  F E U  DCWN I R E V  ) R E V  



Table A-1 (Continued) 

e.42115 49.5455 
9.2492 47.3357 

IC. 18?3 44.e312 
11.24t t?  42.CCF6 
12.4354 3e.8391 
1:.7667 3 5 . z e ~ e  
15.2554 31.3151 
l t . 494C 2E.OIt2 
17.9682 24.6E49 
17.9854 24.0295 
1e.COCC 23.SCF3 335.92 I R.9269 . 13.6018 346.15 17.2: 10.F6 6.2C7 0. 127  C.'96151 0.04786 
IE.0OCE 22.9544 336.90 18.2955 12.8941 347.22 17.76 l0 .5e t . 7 2 4  1 .CC4 0.96449 0.04533 
le.00fifi 21.9995 337.89 18.2456 12.8331 347.31 17.80 9.64 0.064 1.004 0.96474 0.04945 
I ~ . C C ? C ,  21.0b46 33e.88 1,?.1194 12.7910 347.37 17 - 8 5  8 - 6 8  0.044 I .  0C4 C. 96492 0.04957 
Ie.conc 2 c . c ~ t 7  339.87 18:1579 12 .7490  347 .43  -- 17.88 ' 7.72 0.C44 I .  CC4 0.96510 0.04968 
le.CO00 IF. 1348 34C.86 I @ .  1212 12.7070 347.49 17.92 6.76 C.C44 I ;C04 0.96526 - 0.04977 
I ~ . P O ~ D  I E .  I E C C  . ~ L I . ~ s  18.11893 1 2 . 6 6 5 0  347.55 17.9 5 5 .a0 u.044 . I . c o 4  0.96541 ti.04.98~. 
l e . c 0 t 0  17.2251 3 4 2 . m  18.13617 12.64 19 347.58 17 - 9 7  4.e2 C.024 I .I204 0.96550 G.04992 
l@.COOC 16.27C2 343. P3 1P.0392 12.6189 347.61 17 -99  3.e4 0.C24 I .CC4 @. 9 6 5 5 8  c..04998 
le.C@FC 15.3153 344.82 18.021E 12.5959 347.04 18.0 1 2.e6 C.024 I .  C04 0.96565 '0 .05003 
I E . C ~ ~ D  1 4 . 3 ~ ~ 4  345. e l  1 7 .8916  12.4625 347.79 18.17 2 .C0 0.1 44 I .  PI34 0. 96609  0.05346 
17 ;9845  14.2369 345.94 17.4063 11.9359 348.49 19.17 2.50 0.631 0.131 0.96e02 G.05326 
17.9391 14.1211 346.C7 I5.87l?C 10.3002 351 -2.3 22 - 9 0  4 - 6 0  2.22 1 0. I 3  I , ,,@. 9 7 5 6 4  C.06361 
17.86hU 14.C2C2 346.2C 12.7677 5.9158 366.18 36.99 I I .80 7.3?1 0.131 1.01717 0.10276 

**17 .E31C 13.9911 346.25 R.gO91 4.4259 384 .18 .  48.89 15.76 2.715 0.048 1.06717 0.13581 
** 17.F014 13.9657 346.29 J .8691 4.5ll27 399.94 56.02 17 - 6 8  2.37P 0. C42 I .  l 1 C95 0.15562 

17.771 1 13.94C2 346.33 6.41 15 4.4701 415.70 60 -34  19.14 2.378 0.C42 1.15474 G.16762 
99 17.7296 13.92C3 346.3A . 5.4765 5.0734 433.75 63.46 20.59 2.1 I0 0.C48 1.20474 0.1 7627 
a* 17.6939 13.9C32 346.42 7.1771 5.3552 449.23 63.64 22.23 1 .821 0.P42 1.24787 0.1 7679  

17.658 1 1 3 . e e t ~  346.116 8.8727 5 .2862  464.76 61 - 0 5  24.76 I .A2 1 0. C42 1.29 101 0.1 6959  
14.5255 1 2 . e b l e  35G.C5 I C.91 16 5.9615 474.94 60 - 2 3  23.56 2.322 3.522 1.51928 G.16731 
12.G027 12.CC.C9 356.23 11.3128 6.1022 476.45 60.37 21 - 0 6  P.454 2.934 1.32347 G.16770 

9 .9808  11.3289 362.82 I :.R7h2 - 6.2902 478.41 60.78 19.2P 0.6 1C 2.470 1.32892 0.16882 
E. 39?9 10.7S56 370.98 12.4585 6.51 13 480.42 62.1 1 17.70 0.612 2.112 1.33449 . 0 . 1 7 2 5 4  
7. 1822 I C .  3941 3eC.70 12.9391 '7.1354 482.29 65.15 16.34 C.4f7 1 . e 4 7 .  1.33970 C.18093 
6 .5225  IC. 1742 3e8.92 13.3945 7 . 6 0 6 0  483.99 68 .43  15.62 0.4E3 1.203 1.34440 ti.19009 
6 .0747  IC.C256 397.14 15.9749 8 .2515  486.99 73.72 15.24 0.63e I . E l 8  1.35C25 0.20478 

, t . 0 2 7 7  1C.C 124 398.23 14.4522 8 . 7 5 3 3  487.50 78  - 2 0  15.64 0.525 0 .125  1.35418 0.21723 
5.9816 1C.C04C 399.39 IS. 1079  9 .4573  488.99 84.78 16.22 0.71 1 0.131 1.35e32 . C.23549 
5.91 8 5  IC.CCCC 4C.l .El 15.61 08  10.0000 489.82 9n -90  16.58 0.540 0.180 1.56C62 0.25000 
5.6550 1C.CECC 4 10.87 15.61 5 9  tO.O@OLl 489.84 9 0  -00  15.56 c.CC9 1.029 . I.. 36065 .. ..Li.25000 
5.5714 If.CCCC 42P.73 15.6266 tO.OP03 489.95 9 0  - 0 8  14.60 C-CCA 0.968 1.36F68 0.25000 
5.6550 . 1C.OGCO 43C.59 15.6344 10.OPflfl 489.80 90.0C ' 13 . t4  0.OC8 C.568 .1.36C71 . C.2500.0 
5.9185 IC.CCC0 44P.45 15.6424 l O.OC3D 489.37 90 .flF 12.62 O.GC9 I .  C29 1.36075 0.25000 
5.98 16 IC. EG4C 442.C8 I C.0034 10.4360 490.43 95.53 12 .A4 0.4C.O 0.180 1.36232 b.26536 
6 .0297  10.C 124 443.24 16.6252 1 1  e0944 49 1 - 5 6  103.5 1 13.44 0.731 0. I31 1.36545 G.28752 
6 .0767  lC.C256 444.32 17.1449 11.6507 492.61 109 -71  13.96 0.645 0.125 1.36837 t .5C475 
6.7984 IC.2Ct2 456.38 1 f?. 1571 12.7523 494.64 120 - 5 6  13.72 I .3C9 1.549 1.37399 0.33490 
7.7814 10.5938 466.19 I P.9121 13.4548 495.75 126.70 12.96 0 .e tC  1.620 , 1 .,577C7 , ,  .0.3,5195 
9.P209 l l .CC7C 474.18 15.01 6 9  13.8769 496.20 130 -33 11.54 0.332 1.752 '  1.37832 0.36202 

10.5364 11.5121 4eC.74 19.0133 14.1047 496 .32  132.49 -- - -- 9.. t 6 0 . 0 t 8  - I .&48 1.37868 C.36802 
12.3636 12. 1212 4e6.16 19.01 77 14.2303 496.39 133.34 7 .50  fl.048 2.2P8 1 .  ,37387 0.37205 

/ 



Table A-1 (Continued) 

. . -. . . . . . .- -- . . . . 
HEL  l X A 1  P O I N T  TCPAL  C I S T C P T  F I L M N T  NO. C F  C I R C  PER R E V  P E K  ADVANCE WRAP C L E A K -  

GEOCES I C  AUGLE R Z R C T b T I  CN F b C T C R  L E N G T H  C I R C U I T S  P A T T E R N  P A T T E ~ N  PER 2 1.R 1.0LE.RR.CCL.-./NCE . 

.. . - -- .- - -- .- . - 
* 0  WRAP P O I N T  ON MANDREL 4 0  EY: L C C P T I C N  I N  S P A C E  0 4  VECTOR F I L M T  F I L M T  B 4 N G L E  A A W G L E  

R L THE TA R Z T H E T A  A ANGLE L E N G T K  F E D  , . D,QkN -I__R_EV I I-R<-V-J 



,I 9;) 34-81 .. 
I E .  I E C C  
17.2251 
16.27C2 

!5.3153.. - 
14.36C4 
14.2369 , , 

14. 121 1 

Table A-1 (Continued) 



PROGRAM LISTING 

Main Program WNMAIN 

. . 
, CWNXAIN Pl,k I P4 PROGRpR FOR W I NPER C,A.LCULAT I ONS 

DIMENSION R ( I O O O ) ; Z ( I O ~ ~ ) , A K I ~ O O O ) ~ ~ ( I O O O ) ~ X I ( I O O O ) ~ T I T L E ( ~ ~ ) ~  
1 R 0 ( 1 3 0 )  ~ Z ~ ( I O O ) ~ A L ~ I - ! ~ ~ ( I O O ) , C ~ ~ ~ ~ ~ ( ~ O C ] ) ~ ~ ~ ~ ( I O O ; ~ D ( I O ~ ) ~ ~ H I C ~ (  1 3 o ) r  
2 R T (  I O O ) 9 Z T (  l n ? ) + N c (  I ~ ! ' ~ ) , D T H E T A ( . I O ~ ~ ) , F L P ; ~ T H ( I P O O )  

cOMXON P4rR,Z ,Ak rF ,X l  , h O ~ E O ~ , K C ~ Z G , A L P H A C ~ C , ? P i S r i r I , D ~ ~ l H l ~ ~ K ~ P ~ C ~ R T r Z T ~  
I S ~ ~ ' I A X ~ R ? ~ P . X  ,ZMAX , T H E A X , -  J,T I T L M  I ,DTHETP. , F L I ~ G T ~ ~  ~ T ~ ~ ~ I ~ F L S U ~ ~ ~ I ~ H ~ G E  9 

2  NLOW , D I S T R T  , ADVNCE r SHAFT l  S H A F T 2  . 
CCVhP'iON AA~P.R,CC,DEL,DELRHO,PISTPP.ET 
COMMON L L L  , RHOMIN r FR , TI<I?I  

1 3  R E A D  INPUT T A P E  5  , 4 c 5 n ,  ( T I T L E ( K )  , K x I 3 5 
4 3 5 0  FORMAT ( h A h  ) 

C  R t A U  NIJkILER OF DEFIPI1P;G P O I N T S  
READ I N P U T  TAPE 5 9 4 t P h  .M 

. 4 3 0 0  F0RMk.T ( I 4  
C READ I N  COORDINATES C?F D E F I N I N G  P@IE:TS 

READ I N P U T  TAPE 5  r 4 0 1 3  , ( R ( N )  r Z ( N )  9 N  #' I 9 M  
4 0 1  0  FORMAT ( 6 F  12.6 1 

C REAC CLEARANCE , TOLERANCE , AND S K A F T  R A D I I  
READ I N P U T  TAPE 5  9 4 0 1 0  , D E L  , T O L  r S!ib,FTI 9  SHAFT^ 

C I N I T I A L I Z E  EYE D I M E N S I O N S  A  , 5 9 C  
AA # .5 
BB # 6.5 
CC AL 7.0 

C I N T T I A L l Z E ;  INCREI4ENT DELTA RHO 
DELRHO # - 0 2 0  

C I N I T I A L I Z E  M I N I K 6 ? 4  VECTOR LENGTH 
RHOMIN # - 5  
P I  X 3 . 1 4 1 5 9 2 7  
F L T O T L  # 0.0 

C COMPUTE S E C T I O N  ~ A R A M E T E R S  
C A L L  PARMET - 

c R ~ f i , ~  NIIMRFR OF  G ~ O ~ S I C S  
READ I N P U T  TAPE 5  r  4 g 0 0  l \ O b t O D  
REWIND 8 

C .START OF LOCP FOR EACH CEODESIC '  TO EE WRAPPED 
DO 5 0 0  I # I 9 NOGEOD 
DISTRT # I .0 

C READ G E C D E S I C  R E F I N I N G  I N F O R M A T I O N  
READ i N P U T  TAPE 5  9 4 0 2 0  R O ( I ) r Z O ( I ) r A L P H A C ( I ) ~ , k D V I ~ C E ~ N C ( I ) r  

I NCPERPr  N R E V P T r  L A  r I P L O T  9 Z S C A L E  
4 0 2 g  F0RI"IAT ( 4 F 1 2 . 6 . 9  3 1 6  , 2 1 3  , F4.2 

I F  ( Z O ( 1 )  1 2 ,  1 2 ,  ? 7  
1 2  D 2  15 N  # 2  r M  

I F  ( R @ ( I )  - R ( N )  1 2 5  9 2 9  r 15 
15 CONT I NI.IE 

W R I T E  OUTPUT TAPE 6  , 2 0 5 0  r  I r R O ( I 1  ' 
2 0 5 0  FCRMAT ( 4 4 H ?  COULC NOT LOCATE I N I T I A L  P C I N T  OF G E O C E S I C  r I 3  9 

1 2 5 d  U S I N G  I N I T I A L  RADIUS'OF , F7.3  l e H  T H I S  ONE S K l P P E D  
GO TO 5 0 0  

' 2 0 N # N +  I 
2 5  NSTART # N  - I 

I F  ( A K ( N S T A R T 1  ) 3 0  r  3 5  r  3 0  
3 0  Z O ( 1 )  # ( R O ( I )  - K ( N S T A R T )  ) / A K ( N S T A R T 1  + Z ( N S T A R T )  

GO' TO 3 7  
3 5  ZO ( I) ' H  Z  (b1STAR.T I 
3 7  C O N T I N U E  



C  COMPUTE GEOCESIC PATH ON THE SURFACE 

C A L L  DELTHA ( I ) 

NLOW # NLO\J 
NH IGH # N H I G H  

C  ARE THE NURBER OF CIRCUITS PER PATTERK S P E C I F l E D  
IF :  I( NCPERP 1 5 0  9 150  9 1 13  

1 1 0  R V N . #  TSUM / 3 6 0 . 0 .  
FRA:CT # RVN 
NB :# NCPERP 
NA # NREVPT 
I F  ( L A  ) 1 2 0  9 1 2 0  9 1 3 0  

I 2 0  EPS  # . ? 0 0 0 0 1  
C  COMPUTE NEbi GEODESIC HAVING DESIREC NUMBER OF REVOLUTIONS PER C I R C U I T  

C A L L  ADJUST ( I , NA , NR 9 FRACT , EPS 9 L L '  ) 

NLOW # NLOW 
NHIGH # N H I G H  
I F ( L L )  150  r 1 5 3 , I ? O  

1 3 0  CONTINUE 
RVN2 # F L O A T F ( N A )  / F L O A T F ( N B 1  + ADVNCE 
D I S T R T  # RVN2 / RvN 
DO 1 4 0  N  # NLOW NHIGH 
D T H E T A ( N )  # D T H E T A ( N 1  * GISTRT 

1 4 0  CONTINUE 
TSUM # TSUM * D I S T R T  

1 5 0  CONTINUE 
C  COMPUTE TURNAROUND P A R A L L E L S .  

ZLOW # ( C O N t ( 1 , )  - R(PiLO\&l)  ) / A K ( N L O W )  + Z(NLOb1) 
Z H l G H  # ( C O N S ( 1 )  - R ( N H I G H )  ) / AK(NHI ,GH)  + Z ( K H I G H )  
W R I T E  OUTPUT TAPE 6  ; 5 0 0 0  

5 0 0 0  FORMAT% ( 1 2 0 H I  H E L I X  AT POINT  TOTAL DISTOR 
I T  F I L M N T  NO. OF C ~ R C  PER R E V  PER ADVANCE WRAP . CLEAR 
2-  / l 2 O H  GEODESIC ANGLE R  Z  ROTATION FACTOR L E  
3NGTH C I R C U I T S  PATTERN P A T T E R N  PER C I R  TOLERNCE ANCE 

WRITE OUTPUT TAPE 6 , 5 0 1 0  , I, ALPHAC(I) ,  R O ( I ) ,  Z O ( I ) ,  TSUkl, 
1 D I  STRT , FLSUlslr NC ( I ) NCPERP , NREVPT I A,DVNCE , TOL 9 DE,L 

5 0 1 0  FORKAT ( IHE ,  I4,F10.2,2F10.4,FI~.2,F8.4,F9.~,2I8~I~~Fl2~5~2FlO~3) 
C COMPUTE WINDER EYE C O O R C I N A T E S  FOR GEOCESIC ON THF 5I.IRFACE 

C A L L  PLWldUR ( I, K P I  , f P I  9 .  T P I  , AANGLI , RHOI , TOL .) 

F L T O T L  # FLTOTL  + FLSUM * FLOATF ( N C ( 1 )  
C PLOT WAN1'ED 

I F  ( I P L O T  5 0 0  9 5 0 0  9 1 7 0  
C C A L L  P L O T T I N G  ROUTINE  

1 7 0  C A L L  TZZPPT ( 3.0 3 9.C , ZSCALE 9 10.0 r ZSCALE 1. 
5 0 0  CONTINUE 

C END LOOP 
FLTOT.  # FLTOTL  / 36.0- 
WRITE 0UTPC.T TAPE 6  , 5 0 5 0  9 FLTOT 

5 0 5 0  FORNAT ( 24HOTOTAL F I L A X E N T  LENGTH # F I Q . 2  , 6H YARDS 
GO TO 10 
END 

Subroutine PARMET 

CPARMET COMPUTE SECTION PARAMETERS 
SUBRO!JT TNE PARMET 
D I ~ E ~ ~ S I O ~ ~  i?( 1 0 0 0 ) r Z ( l O 0 0 ) ~ ~ ~ (  I O G O ) , F (  I O C O ) , X I  ( 1 3 0 0 ) , T I T L E (  1 2 ) r  

1 R @ ( 1 0 0 )  r Z G (  I O O ) ~ A L P H A ~ ~ I ~ O ~ ~ C ~ ~ ~ S ~ I ~ ~ ) ~ W ~ I ~ ~ ; ~ ~ ~  I O O ) , T H I C K ( I O ~ ) ~  
2 R T ( I 0 0 ) . 7 Z T (  l 0 O )  , N c ( I [ ! o ) , C T H E T A ~ I @ ~ ~ ! )  , F L K G T H ( I ~ ~ O )  

cOV~MON N , K , Z , A K , F , X I , N O G E O D ~ R O , Z C , A L P H A C ~ C O E ~ S , W ~ C , T H I C K , K C , R T , Z T ,  



2  NLOW 9 D I S T R T  , ADVNCE r  SHAFT1 , SHAFT2 
X I  ( 1 )  # 0.0 
M M # M -  I  
RMAX # R  ( I  ) 

DO 1 2 0 0  N  # I  , MM 
I F  ( A B S F (  Z ( N )  - Z ( N + I ) )  - - 0 0 0 1  l O l 0  9 1 0 1 0  1 0 4 0  

( R ( N + O  - R ( N )  ) 1 0 2 0  r  1 0 2 9  9 1 0 3 0  
A K ( N )  # - ( I .0E 2 0  
GO TO 1 0 3 5  
A K ( N )  H 1.0 E 2 0  
F ( N )  # 1.0 E 2 0  
X I ( N + I )  # X I ( N )  + A 2 S F (  R ( N + I )  - R ( N )  
GO 10 1 2 9 0  
A K ( N )  # ( R ( N + I )  - R ( N )  ) ( Z ( N + l )  - Z ( N )  
I F  ( ADSF(  A K ( N )  ) - .ClCOl I C 5 0  9 1 0 5 @  9 1 1 0 0  
A K ( N )  # 0.3 
F ( N )  li SORTF(  1.C + A K ( N ) * * 2  
X I ( N I I )  # X I ( N )  + ( Z ( N l I 1  - Z ( N )  * F ( N )  
RMAX # M A X I F  ( R ( N + I )  , RMAX ) 

ZMAX # Z ( M )  
RETURN 
END 

Subroutine DELTHA 

iDCLTI4A * COMPUTE DELTA THETAS FOR GEODESIC I 
SUBROUTINE DEL.THA ( 1  ) 

D i iv iENSlON R ( I @ O E ) ~ Z ( l O 0 0 ) ~ A i ( (  I ~ O C ! ) ~ F ( ~ ~ C ) ~ ) - , X I ( I ~ O L ~ ) ~ T I T L E ( ~ ~ ) ,  
l R O (  1 0 0 )  ,LO(  1 0 0 )  , A L F H P ~ (  1 0 0 )  , cGI .~S(  1 0 0 )  ,'J:( 1 5 3 ;  r ~ (  1130) , T l i l ~ K (  1 0 3 )  r  
~ R T ( I O O ) ~ ~ T ( I O O ) , N C ( I O O ) , D T H E T A ( I ~ ~ P O ) , F L N G T H ( I O O C )  

COivii40N M,R,Z,AK,F,XI , I ' !3GEOC,RO,ZC,ALPHAC,C@NS,W,D,THICK,r<c,RT,ZT, 
I  S M A X t R M A X , Z M A X , T H E V ; A X , J J , T I T L E  , P I  ~ D T ! ~ E T A . : . F L L ~ . ~ ~ ' - T ~ ~ , T ~ ~ J ! ~ ~ F L S V ~ ~ , ~ ~ ~ I I C . H ,  
2  NLOW D I S T R T  , ADVNCE S H A F T I  , SHAFT2 
colrlv H 100.3 ,' PI  
C O N S ( I )  # R Q ( 1 )  * ? S I N F  ( A L P H A O ( 1 )  / CCP!V 
DO 2 0  N # 2 , i V !  
I F  ( Z O ( I )  - Z ( N )  49 9 3C 9 2 "  

2 0  CONTINUE 
3 0  I F  ( A L P H A U ( 1 )  - 9n.q  3C 33 , 3 8  
3 3  I F  ( A K ( N )  4 0  49 3 8  
3 8 N # N +  I  
4 0  NSTART # N - I  

I F  ( C O N S ( 1 )  - R ( I )  ) 1 5 0  9 4 5  0 4 5  
4 5  J # NSTART + I  
5 0 J # J -  I  

I F  ( R ( J )  - C 3 N S ( I )  6 3  6 0  5 0  
6 0  NLOW # J 

I F  ( C O N S ( 1 )  ,- R ( M )  ) 1 5 0  7O 70  
7 0  .J # NSTART 
8 0 J # J +  I 

IF ( R ( ~ )  - C O K S ( I )  9 n  , 9 3  , 8 0  
9 0  NHIGH # J - I  

F O K  # F ( N L O W )  A K ( N L O W )  
N L  I  # NLOW + I  
TERM # ( R C N L I )  / C O N S ( I 1  : ) * * 2  - 1.0 , ,  . 
I F  ( T E R M )  9 2  9 2  9 9 5 . .  , 

9 2  A S E C 2  # F.O 



GO TO 9 8  
9 5  ASEC2 # ATANF ( SQRTF ( TERK ) ) 

9 8  DBETA # ASEC2 
CTHETA(NL0W) # FOK -x DEETA * CCNV 
F L N G T H ( N L 0 d )  # R ( N L I )  * FCK + S l N F (  DBETA : 
N H I  # NHIGH - I  
I F  ( NHI - N L I  ) 135 I f l o  9 I 0 0  

I 0 0  DO 130  N # N L I  , NHI  
I F ( A K ( N )  1 2 0 9  1 1 0 ,  120 

1 1 9  D @ E T A # C O N S ( I ) * I Z ( N + I ) - Z ( N ) )  / ( R ( N ) * S Q R T F ( R ( P 4 ) * * 2  - C 3 N S ( I ) * * 2 ) )  
DTHETA(N1 # DBFTA * CONV 
F L N G T h ( K 1  # S ~ R T F ( (  Z ( N + I ) - Z ( N ) ) * * 2  + ( R ( N ) * D E E T A ) * * 2  
GO TO 1 3 0  

1 2 0  FCK # ABSF( F ( N )  / A K ( N )  
ASECI # ASEC2 
TERM # ( R ( N + I )  / C O N S ( I )  ) * * 2  - 1.3 
I F  TERM ) 122 r 122 9 125 

122 ASEC2 # 0.0 
GO TO 126  

1 2 5  ASEC2 # ATANF ( SQRTF ( TERM ) 

126  D3ETA # ABSF ( ASEC2 - ASECl 
DTHETA(N1 # FOK * DBETA 3 CONV 
RN2 # R ( N )  * FOK 
RN3 # R ( N + I )  * FCK 
TERM # RN2**2 + RN3**2 - 2.0 * RN2 * RN3 * COSF ( DBETA 
I F  ( TERM 127 , 127 , 129 

1 2 7  FLNGTH(N1 # 0.n 
GO TO 13C 

129  FLNGTt i (N1  # SQRTF ( TERM 
1 3 0  CONTINUE 
135 CONTINUE 

F O K #  AESF ( F ( N H I G H )  / AK(NH1GH) I 
DeETA # AESF ( ASECZ 1 
DTHETA(Ni- I IGH) # FOK * DPETA 3 CCNV 
FLNGTH(NH1CH) # FCK * R ( N H I G H )  * S I N F  (DEETA)  
TSUM # 0.0 
FLSUM # 0 0 0  
DO I (10 rd N r iLow , ~ ~ I I I G H  
TSUM # TSUM + DTHETA(N1 

1 4 0  FLSUM # FLSUM + FLNGTH(N1 @ 
TSLM # 2.0 + TSUM 
FLSUM # 2.0 * FLSUM 
GO TO 160 

150  C O N S ( 1 )  # M A X l F  ( R ( I )  , K(bAt )  ) 
A L P H A O ( 1 )  # ATCNF( C O N S ( I ) /  S3RTF(  R O I I ) * * 2  - C O N S ( I ) * * 2 )  ) * COhV 
WRITE OUTPUT TAPE 6 r 8 0 @ 0  I ALPHAO(1 )  

8 0 0 0  FORMAT ( 33Hrl TURN-AROUND RADIUS FOR GECCIESIC 913 , 56H I S  LESS T  
lHAN R (  I )  OR R ( W )  - STARTING ANGLE CHANGED TO FIO.6 
GO TO 45 

- I 6 0  CONTINUE 
, RETURN 

END 

Subroutine ADJUST 

CADJUST ADJCST START I NG , H E L I X  ANGLE ' 

s,uBROUT'I~~E ADJUST ( I, NA hF! 9 FREcT , EPS r L L  ) 

D.I~+lEbiSION R ( ~ ~ ~ @ ) ~ Z ( I O Q ~ ) ~ A K ( ~ ~ ~ ~ ) ~ F ( I O @ C ~ ~ X I ( I O O O ) ~ T I T L E ( I ~ ) ~  
I R O (  1 0 0 )  ,LO( I f l o )  ,ALPHAC( 1013) ;CONS( 1 0 9 )  , 'id( l 0 Q )  ,? (  l Q 0 )  H I  1 ' 0 3 ) r  



~ R T ( I O O ) ~ Z T ( I O O ) ~ N C ( I ~ ' ~ ) ~ D T H E T A ( I C ! C O ) ~ F L N G T H ( I O ~ ~ )  
cOMNON MrR,Z,AK,F,X. I  ~ N O G E O D ~ R O ~ Z O ~ A L P H A O ~ C O N S ~ ~ ' ~ D D T H I C K ~ N C ~ R T ~ Z T ~  

I S M A X ~ R M A X ~ Z M A X ~ T H M A X ~ J J , T I T L ~ I ~ D T H E T A ~ F L N G T H ~ T ~ U M ~ F L S ~ M ~ ~ ~ H I G H ~  
2  NLOW r D I S T R T  r  ADVNCE r S H A F T 1  r  S H A F T 2  

CONV # 1 8 0 . 0  / P I  
I T E R  # 0  
A Z E R O  # A L P H A O ( 1 )  
H Z E R O  # R O ( I )  
ZZER.O .# Z O (  I 
C # C O N S ( 1 )  
I F  ( A L P H A O ( 1 )  - 8 9 . 0  ) 3 0  9 30 r  2 9  

2 0  R O ( I )  # RMAX 
A L P H A O ( 1 )  # A T A N F (  C O N S ( ! )  / S O R T F (  R O ( I ) * * 2  - C O N S ( I ) * * ~ ~  ) *CONV 
D O 2 2  N # 2 r M  
I F  ( R O C 1 1  - R ( N )  211 r 2 4  9 22  

2 2  C O N T I N U E  
2 4  Z O ( I )  # Z ( h )  
3 0  F R C #  F R A C T  

R V  # F L O A T F (  NA  ) / F L O A T F  ( N E )  + A D V N C E  
A A Z E R O  # A L P H A O (  I) 

4 0  C O N T I N U E  
D E L A #  R V  - F R C  
IF ( A S S F (  D E L A )  - EPS 1 1 0  , I I C  5 0  

5 0  CTDA # 0.0 
C S Q  # C O N S ( ' I ) * * 2  
R C O S  # R O ( I )  * C O S F  ( A L P H A O ( 1 )  C O h V  
N L I  # NLOW + I 
N H I  # N H I G H  - I 
S Q 2  # 1.0 / S Q R T F  ( R ( N L l ) * * 2  - CSQ 
D T D A  # DTDA - F ( N L 0 W )  * RCOS * S Q 2  / A K ( N L 0 W )  
I ( I  I ! 8 5  5 5  5 5  

5 5  DO 8 0  N  # N L I  P4liI 
I F  ( A K ( N )  6 0  r 7 0  r 6 0  

6 0  S Q I  # S Q 2  
S Q 2  # 1.0 / S Q R T F  ( R ( k + I ) * * 2  - C S Q  ) 

D T D A  # D T D A  + F ( N )  * RCOS * ( - S Q 2  + S Q I  ) / A K ( N )  
GO TO 8 P  

7 0  D T D A  # CTDA + RCOS * R ( N )  * ( Z ( N + I )  - Z ( K )  *' ( S Q 2  * * 3  
8U CUlv I lirjut? 
8 5  D T D A  # DTGA + F ( N H 1 G H )  * R C O S  * S Q 2  / A K ( N H 1 G H )  

D T D A  # 2 . 0  + D T D A  
I F  ( AE?SF( D T D A  - .'3I ) ' 1 4 0  9 1 4 0  i 90 

9'3 D A L P H A  # D E L A *  3 6 0 . 0  / D T D A  
A L P H A O (  I )  # A L I ' H A O ( 1 )  + D A L P H A  
I F  ( I T E R -  I O  ) I O C  r 1 5 0  9 1 5 0  

1 0 0  I T E R  # I T E R  + I 
C O N S ( 1 )  # R O ( I )  * S I N F  ( P . L P H A @ ( I )  / CONV ) 

C A L L  D E L T H A  ( 1  
NLOW # NLCW 
N H I G H  # N H I G H  
F R C  # T S U M  / 3 6 0 . 0  
GO T O  4 0  

l I 0  D A L P H A  # A L P H A O ( 1 )  - A A Z E R O  
I F  ( ARSF ( D A L P H A  1 - 5.g 1 2 0  9 1 3 0  9 1 3 0  

1 2 0  LL # 0  
GO TO 1 7 0  

1 3 0  N R I T E  O U T P U T  T A P Y  6  r I O O O  9 D A L P H A  
1300 FORMAT ( ZOHO CHANCE i N  A L P H A  9 F 1 3 . 6  9 4 3 F  9 TOO G R E A T  - GEOD 

-2 

I E S I C  D I S T O R T E R  I N S T E A D  1 
G O  TO 1 6 0  

1 4 0  W R I T E  O U T P U T  T A P E  6 r  I n  I F  9 D T D A  
1 0 1 0  FORf4A I  2 Z H O  D T H E T A  / C A L P H A  # . F9,6 r  7 1 r l  r  L A R G E  CHANGE I N  



l A L P h A  WOULD 9E R E G U i R t D  - SEODESIC DISTORTED I N S T L A D  
GO TO 1 5 0  

15'0 WRITE OUTPUT TAPE 6 9  1 0 2 0 '  
1 0 2 0  FORNAT ( 71HO ALFHA D I D  NOT CONVERGE I N  1 0  ITERAT IONS - GEOUESIC 

l D I  STORTED INSTEAD 
1 6 0  ILL # I 

CONS( I) # C . 
R O ( 1 )  # RZERO 
ZO(.I # ZZERO 
ALPHAO(  I # , AZERO 
C A L L  DELTHA ( I ) 

' 1  7 0  CONT I NUE 
RETURN 
END 

CFLWNDR F I L A P E N T  WINCER SU~ROUTINE 
SUEROUTINE FLbINDR ( L9RP I  ,ZP l i T P I  ,AANGL I 9RHOI  ,TOL 
DIMENSION R ( ~ O O O ) ~ ~ ( I O O O ) ~ A K ( I C , O O ~ ~ F ( ~ O ~ ~ ) ~ X I ~ ~ ~ ~ O L ~ ~ ) ~  

~ R O ( I O ~ ) ~ ~ ~ ( I ~ O ) ~ A L ~ H , ~ ~ ~ ~ ~ O ) ~ C ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ J ~ ~ ~ O ~ ~ D ~ ~ O O ) ~ ~ H I ~ K ~ ~ O O ~ ~  
? R T ( ~ ~ ~ ) ~ Z . T ( I O O ) , N C ( I U U ) , D T H E T A ( I O ~ ~ O ) , F L N G T H ( ~ ~ ~ ~ )  

COMMON M,R,Z,AK,F,XI ,NOGEOD,~O,ZO, ,4LPHAO,COf~2 ,1 r /~D ,THI~~K,NC,RT,ZT ,  
1 SMAX,RMAXIZMAX,THMAX,JJ,TITLE,P 1 ~ C T H E T A ~ F L N G T ~ ~ , T ~ ~ I ~ ! ~ F L S C ~ + ~ , ~ ~ ~ ~ G ~ ~ ~  
2  .NLOW , D I S T R T  1, ADVNCE 9 SHAFT 1 , SHAFT2 

COMMON AA ,BE ,CC ,EEL ,DELRHO, NSTART 
COKMON L L L  , RHCMIE , FR , TMIN  
CONV # 180.0 / P I  
DTMAX # 45 .0  
REWIND I  
D O . 1 0 0  N # I  , M 
I F  ( RMAX - R ( N )  ) . I  1 0  9 1 1 0  9 100  

. 1 0 0  CONTINUE 
I  l fl NSTART B N , 

RHO # RHOMIN 
UPDOWN # 1.0 
A K N  # ( A K ( N )  + A K : N - I  ) 2.0 
I F ' (  ABSF ( A K N  ) - 1 . O E  1 0 )  1 1 4  9 1 1 4  112  

1 1 2 ' ~ ~  # ABSF ( AKN ) 

GO TO 116  
1 1 4  F N  #, SQRTF ( 1.0 + AKN**2 
1 1 6  THETA # 0.n 

FL # 0.0 
T P I  # 0;O 
I F  ( I - I j 120  , 1 2 0  , 1 2 5  

1 2 0  R P I  # R ( N S T A R T 1  
Z P I  # Z ( N S T A R T 1  
T P I  H 0.0 
AANGLI  #180 .0  
RHO1 # 0.0 
RHO # RHOMIN 
RHO # 2.0 * DEL 
GO TO 136 ' 

1 2 5  RIA0 # .RHO I 
1 3 0  CONTINUE 

NOSEQ # ( 1-1 * 10 + 5 
WRITE OUTPUT TAPE 1 0  2 0 5 0  NOSEQ 

2 0 5 0  FORMAT ( 16H SEQNO / 9 I 3  9 6 1 X  ) 

NREPET # 2' 



WRITE O U T P U T  T A P E  1 0  r 2 0 6 0  9 N R E P E T  
2 0 6 0  FORMAT ( 1 7 H  R E P E A T  / 1 4  r 5 9 X  

W R I T E  O U T P U T  T A P E  6  1 0 0 0  
1000 FORMAT ( 1 2 2 H I * *  WRAP P O I N T  ON M A N D R E L  Q rr E Y E  L O C A T I O E  

I I N  S P A C E  ** V E C T O R  F I L M T  F l  L M T  b A N G L E  A  ANG 
2 L E  1 2 3 H  R  Z  T H E T A  R  Z  
3 T H E T A  A  A N G L E  L E N G T H  F E D  DOWN ( R E V  ) ( R E V  

4  ! 
RR # R ( N )  
Z Z  # Z ( N )  
AREV # AANGLI  4 6 0 . n  
T R E V  # T P I  / 3 6 0 . n  
h l R I T E  O U T P U T  T A P E  6  , 1 9 1 0  , RR,  Z Z ,  T H E T A ,  R P I ,  Z P I ,  T P I ,  A A h G L I ,  

I TREV,  A R E V  
1 O 1 @  FORMAT ( 1HO 9 2 F 1 0 . 4 9 F 1 0 . 2 9 2 F 1 0 . 4 9 2 F l 0 . 2 9 ~ 0 X 9 2 F I O . 5  

WRITE O U T P U T  T A P E  13 9 2 0 3 0  3 R P I  Z P I  , A R E V  TREV 
2 0 0 0  F0RP1iAT ( 1 3 H  FROM / , F I q . 4  r 2 H  , 9 F l Q . 4  6 H  , @ 9 

I F 1 0 . 6  9 2 H  t F l ? . h  5 H  9 " 1 2 X  ) 

C A L L  E Y E L O C  ( I I R R , Z Z I T H [ T A , R H O ~ ~ - I P D O ! ~ ~ N , A I ( P . I ~ F N , T P I , R P R I I ~ E ~ Z P ~ I I ~ E ,  
I T P 2  9 A A N G L  F L  

D E L R  # R P R I M E  - R P I  
D E L Z  # ZPRIME - Z P I  
D E L T  # T P 2  - T P I  
D A A  # A A N G L  - A A N G L I  
R D E L  # R P I  + D E L R  2.0 
Z D E L  # Z P I  + D E L Z  / 2.0 
T D E L  # T R E V  + D E L T  / 7 2 0 . 0  
A D E L  # A R E V  + D A A  / 7 2 0 . 0  
W R I T E  OUTPUT T A P E  10 2 0 2 0  RDEL ,  Z D E L ,  A C E L ,  T D E L ,  F L  

2 0 2 a  FORMAT ( 1 4 H  G 3 T O  / 3 F l Q . 4  9 2 H  9 F 1 0 . 4  , 6 H  9 9 

I F l f l . 6  9 2 H  9 9 F 1 0 . 6  9 2 H  9 9 F6.2  r 8 X  ) 

W R I T E  O U T P U T  T A P E  1 0  207P 
2 0 7 0  F O R X A T  ( 1 5 H  S r l I T C H  3 6 5 X  

NOSEQ # 1 0  * I 
 RITE O U T P b T  T A P E  10 2 3 5 0  NOSEQ 
W R I T E  O U T P U T  T A P E  10 9 2 0 6 0  N C ( I )  
D I S T  # F L  + RHO - R h 3 1  
T R E V  # T P 2  / 3 6 0 . 0  
A R E V  # AANGL  / 3 6 0 . 0  
W R I T E  O b T P U T  T A P E  6  , 1 0 2 0 9  l i R ,  Z Z ,  T ~ E T A ,  RPRI:.IE, Z P R i K E ,  T P 2 9  

I  AANGL ,  R H 3 ,  D I S T ,  F L ,  T R E V ,  A K E V  
1 0 2 0  FORNAT ( I H  9 2 F l n . 4 , F 1 ~ . 2 , 2 F 1 0 . 4 9 3 F I f l ~ 2 9 2 F 1 0 . 3 , 2 F l 0 . 5  ) 

L L L  # I 
W R I T E  T A P E  I J R R , % 7  * T H E T A  ,RPR lpE ,ZPP I i . ' IE ,TP2  AAPiGL 9 DIST 
W R I T E  OUTPL'T T A P E  I C  9 2 0 3 0  RPKI I 'dE 9 Z P R I I ~ E  , A l i E V  , T R E V  
R P T  # RPRIP.!E 
Z P T  # Z P R I M E  
T P T  # TP2 
A A T  # A A N G L  
RHOT # RHO 
R P I  # R P R I M E  
Z P  I  # Z P R I M E  
T P I  # T P 2  
R R I  # RR 
Z Z I  # Z Z  
T T I  # T H E T A  
A K  I  # A K N  
T P R l  H T P 2  
A A N G L I  # A A N G L  
R B  # R ( N )  

1 4 0  C O N T I N U E  
Ir ( A h ( N )  ) 1 5 9 , 3 8 0  9 1 5 0  

1 5 0  I F  ( UPDOWN)  1 6 0  , 1 6 0  9 1 8 0  



1 6 0  I F  ( N  - N L O W  ) 2 0 0 9  2Cl0 r 1 7 D  
1 7 0  RE # R ( N )  

ZE # Z ( N )  
AKE # ( A K ( N )  + A K ( N - I )  1 / 2.0 
GO TC) 2 1 0  

1 8 0  I F  ( N  - N H I G H  ) 1 9 0  9 2 0 0  3 23R 
1 9 0  RE # R ( N + I )  

ZE # Z ( N + I )  
AKE # ( A K ( N )  + A K ( N + I )  1 2.0 
GO TO 210  

2 0 0  RE # C O N S ( 1 )  
ZE # ( RE - R ( N )  ) / A K ( N )  + Z ( N )  
AKE # A K ( N )  

2 1 0  CSNTINUE 
AZERO # ATANF ( C O N S ( 1 )  / SCRTF ( RB**2 - C O N S ( I ) - % * 2  ) ) 

2 1 8  AOF # ABSF ( A K ( N )  / F ( N )  1 
FOK # ABSF ( F ( N )  / A K ( N )  
BETA # AOF * DTHETAIN)  / I CONV * DISTRT ) 

AKN # A K ( N )  
€I\;  # F ( N )  
I F  ( R B  - RE 1 2 2 0  r 2 2 0  9 2 3 0  

2 2 0  AR # - I  .g 
GO TO 2 4 0  

2 3 0  A R  I 1.n 
2 4 0  CONTINUE 

RA # RB 
RC # FOK * ( RA**4 / ( C O N S ( 1 )  * ( 2.23*(RA**2) - C O N S ( I ) * * 2 )  ) ) 

DD# 2.0 <* SQRTF ( TOL " ( 2.0 * RC - TOL ) 1 
D P H i  # ATANF ( D D * C O N S ( I )  / ( F 3 K * ( R 6 * * 2 )  - AR * DD + SQRTF ( RE**2 

I  - C O N S ( 1 ) * * 2  ) ) 

I F  ( DPHI  ) 2 4 2  9 2 4 2  9 2 4 6  
2 4 2  DPHi  # DPHI  + P I  
2 4 6  CONTINUE 

I F  ( D P H i  - BETA ) 2 5 0  3 3 0  3 3 3  
2 5 0  I F  ( 2.0 * DPHI  - BETA ) 2 7 0  9 26C 9 2 6 0  
2 6 0  D P H I  # - 5  * BETA 

K # l  
F L  # FOK * R 8  * S I N F  ( DPH l  / S I N 7  ( AZCRO + A R  + D P H I  ) 

GO TO 275  
2 7 0  K  # 0 

F L  # OD 
2 7 5  DALPHA # AR * DPHI  

AONE # AZERO + DALPHA 
RR # CONS(I) / S I N F  ( AONE ) 

ZZ # ( RR - R ( N )  ) / A K ( h )  + Z ( K )  
TdETA # THETA + FOK * D P H I  * CONV * DISTRT 

3 0 0  CONTINUE 
RHO1 # RHO 
CALL EYELOC ( 1  ,RR,ZZ,THETA,RHC,UPDO~!N,A~(I\~,FN,TPI ,RPRI~~E,ZPRIVIE, 

I  TP2 , .AANGL F L  
, 

DECT # TP2 - TPI  
I F  ( DELT - DTMAX 308  9 308  3 0 2  

3 0 2  F I L F E D  # FL  + RHO - RAOI 
C A L i  BLKADD ( I , R R I , Z Z I , T T I , A K I , T P R ~ , R R , Z Z , T H E T A ~ A R N , T P ~ ,  

I FILFED,FL,UPDOWN ) 

D I S T  # F I L F E D  
GO TO 3 0 9  

3 0 8  CONTINUE 
D I S T  # F L  + RHO - RHO1 

3 0 9  TREV # TP2 / - 3 6 0 . 0  
A R E V  # AANGL / 360.0 
NRITE OUTPUT TAPE 6  , 1020 ,  RR, ZZ, THETA, RPRIME, ZPRIKE, TP29 



I  AANGL, RHO, D I S T ,  F L ,  TREV, AREV 
L L L  # L L L  + I  
WRITE TAPE I  , R R I Z Z Y T H E T A , R P R ~ M E , Z P R I [ \ I E , T P ~  9 AANGL 9 DIST 
RP I  # RPRIME ' 

Z P I . #  Z P R I M E  
T P I  # TP2 
AANGL l # AANGL 
R R I  # RR 
ZZ I  # Z Z  
TT I  # THETA 
A K I  # AKN 
T P R l  # TP2 
RB # RR 
I F  ( K  - I ) 3 1 0  9 3 2 0  9 3 1 0  

3 1 0  BETA # BETA - D P H I  
AZERO # AONE 
GO TO 2 4 0  

3 2 0  BETA # D P H I  
AZERO # AONE 

3 3 0  CONTINUE 
DTA # BETA * FOK * CONV * D I S T R T  
F L  # FOK * RB * S I N F  ( RETA / S l N F  ( AZERO + AR * BETA ) 

3 6 0  CONTINUE 
THETA # THETA + DTA 

3 7 0  CONTINUE 
GO TO 4 2 0  

3 8 0  IF ( UPDOWN ) 3 9 0  , 3 9 ~  , 4 n q  
3 9 0  RE # R ( N )  

ZE # Z ( N )  
A'KE # ( A K ( N )  + ' A K ( N - I )  2.0 
GO TO 4 1  0  

4 0 0  R C  # R ( N + I )  
ZE # Z ( N + I  ) 

AKE # ( A K ( N )  + A K ( N + I )  1 2.0 
4 1 0  CONTINUE 

DZ # Z ( N + I )  - Z ( N )  
NDZ # DZ 
NDZ # NDZ + I  
I F  ( NDZ - I  ) 4 1 8  , 4 1 8  4 1 1  

4  1 1 ANDZ # NDZ 
DDT # D T H E T A ( N )  / ANDZ 

. DDZ # DZ / ANDZ 
DFL # F L N G T H ( N )  / ANDZ , - ., 

I F  ( UPDOWN ) 4 1 2  9 4 1 2  9 4 1 3  
4 1 2  Z Z  # 2 ( N + 1 1  

GO TO 4 1  4  
4 1 3  Z Z  # Z ( N )  
4 1 4  I K  # I  

RR # R ( N )  I 
4 1 5  I K  # I K  + I  

Z Z  # ZZ + DDZ * UPDOWN 
T H t l A  # THETA + DDT 

/ F L  # D F L  

AKN # 0.0 
F N  # 1.0 
RHO1 # RHO 

. C A L L  EYELOC ( I , R R , Z Z Y T H ~ T A Y R H O , U P D C W I ' J ~ A ~ N , F ~ \ ~ Y T ? I , ~ P R I ~ ~ ~ E , Z P ~ I N E ,  
I  T P 2  , AANGL , F L  ) 

D I S T  # F L  + Ri iO - RHO1 
L L L  # L L L  + I  
TREV # TP2 / 360.0 
AREV # AANGL / 360.0 
WRITE O l lTP l lT  T A P F  6 , 1 0 2 0 ,  K R Y  ZZ,  THETA, RPRIibiE, ZPRIIviE, TP2,  



I AANGL, RHO, D I S T ,  FL,  TREV, AREV 
WRITE TAPE I  RR , Z Z ~ T H E T A , R ~ H I M E  ,ZPRIi'iE i T P 2  , AAN'JL , D I S T  
R P I  # RPRIME 
Z P I  # ZPRIME 
T P I  # TP2 
I F  ( I K  - NDZ 1 4 1 5  9 4 1 6  9 416  

4 1 6  T5ETA # THETA + DDT 
F L  # D F L  
GO TO ' 4 2 0  

4 1 8  THETA # THETA + DTHETA(N1 
F L  # FLNGTH(N1 

4 2 0  CONTINUE . 
AKN # AKE 
I F  ( AeSF ( AKN ) - 1.0 E  10 ) 4 2 4  , 4 2 2  r  42'2 

4 2 2  FN # ABSF ( AKN 1 
GO T 3  426  

4 2 4  FN # SQRTF ( I.@ + AKN**2 
4 2 6  RR # RE 

z z  # ZE 
I F  ( N  - NSTART + I  4 3 0  500 9 4 3 0  

4 3 0  CONTINUE .. 
RHO1 # RHO 
C'AL L  EYE.LOC ( I RR r Z Z  , THETA,RHOrUPDOb:N ,AKN,FP;, TP I  ,RPRII\!E ,ZPRIME , 

I  TP2 9 AANGL , F L  1 
DELT # TP2 - T P I  
I F  ( DELT - DTMAX ) 4 3 8 ,  9 4 3 8  , 4 3 2  

4 3 2 ' I F  ( A K ( N )  ) 4 3 4  , 4 3 9  , 4 3 4  
4 3 4  F I L F E D  # F L  + RHO - RHO1 

CALL BLKADD ( I , R R I ~ Z Z I , T T I ~ A K I , T P R I , K R , Z Z , T H E T A , A % N I T P ~ ,  
I  FILFED,FL,uPDowN 1 
.D IST  # F I L F E D  
GO TO 4 3 9  

4 3 8  CONTINUE 
DIST # F L  + RHO - RHO1 

4 3 9  TREV # TP2 / 360..0 
AREV # AANGL / 3 6 0 . 0 ,  
WRITE OUTPUT TAPE 6 , 1020 ,  .RR, ZZ,  THETA, RPR1iViE, ZPR1iv' l~, TP2, 

! AANGL? RHO? P I S T ,  F L ?  T R E V ,  ARFV 
LLL  # L L L  + I  
 RITE TAPE I t KK ,ZZ,THETA ,RPRIME,ZPRlIviE,TP2 A A ~ G L  , DIST 
RP I # RPRIME 
ZP I  # ZPRIME 
T P I  # TP2 
AANGL l # AANGL 
R R I , #  RR . . 
Z Z I  # z z  
T T I  # THETA 
A K I  # AKN 
TPRl  # TP2 4 

I F  ( UPDOKN 4 4 0  4 4 0  4 7 0  
4 4 0  I F  ( N  - NLOW ) 4 5 0  r  4 5 0  9 4 6 n  
4 5 0  UPDOWN # 1 e.0 

RB # CONS(1 )  
AZERO # P I  / - 2 . 0  
RE # R ( N + I )  
ZE # Z ( N + I )  
AKE # ( A K ( N )  + A K ( N + I )  2.0 
GO TO 2 1 8  

4 6 C l \ j # N - I  
RB # R ( N + I )  
GO TO 140 - 

4 7 0  I F  ( N  - NHIGH 4 8 C  4 9 0  9 491! 
4 8 0 N # N +  I 



R B  # K I N )  
GO TO 140 

490  UPDOWN # - 1.0 
R B  # ' C O N S (  I ) 
A Z E R O  # P I  / 2 .0  
R E  # R ( N )  
Z E  # Z ( N )  
A K E  # ( A K ( N ' )  + A K ( N - I  2.0' 
GO T.0 2 1 8  

500 I F  ( U P D O ~ ~ N  ~ 1 3 ~ 1  r - 4 3 0  , 5 1 0  
5 1 0  C O N T I N U E  

R H O 1  # RHO 
R H O  # R H O T  
R P R I M E  # R P T  
Z P R I F n E  # Z P T  
T P 2  # T H E T A  + T P T  
A A N G L  # A A T  
D E L T  # T P 2  - T P I  
D I S T  # F L  + RHO - H H O I  
T R E V  # T P 2  / 3 6 P . 0  
A R E V  # A A N G L  / 3 6 0 . 0  
WRITE O U T P U T  T A P E  6 , 1 0 2 0 9  RR,  Z Z ,  T H E T A ,  RPRI;>.IE, Z P R I N E ,  T P 2 9  

I A A k G L ,  RHO, D I S T ,  F L ,  T R E V ,  A R E V  
L L L  # L L L  + I 
$RITE T A P E  I R R , Z Z , T H E T A , R P R I M E , Z P R I M E , T P ~  9 A A N G L  D I S T  
R P I  # R P R I M E  - 
Z P I  # Z P H I M E  
T P I  # T P T  / 

A A N G L I  # A A N G L  
R H O 1  # R i l O  
C A L L  BLKDLT ( L L L )  
I F  ( 1 - NOGEOD 5 3 0  9 5 3 5  9 5 3 5  

5 3 0  W R I T E  O U T P U T  T A P E  I C  2 0 7 0  
GO TO 5 4 0  

5 3 5  WRITE O U T P U T  T A P E  1 0  9 2 0 8 0  
2 0 8 0  'FORiYIA'i ( 1 2 H  S T O P  6 8 X  

5 4 0  C O N T I N U E  
R E T U R N  
E N D  

" L A B E L  

Subroutine EY ELOC 

C E Y E L O C  C E T E R Y I N E  W I N D E R  E Y E  L O C A T i C N  W H l C h  C L E A R S  b ? A R D R k L  
' L U B R O U T l N E  E Y E L O C  ( I , R R , Z Z , T H E T A , R H O , U P D O ' ~ ~ ( \ ~ ~ A K I \ ~ ~ F ~ . ~ ~ T P I ~  
I  R P R I ~ ! E , Z P R I F E , T P Z  9 A A N G L  r F L  

DIMEI~SIOI\ R ( 1 3 0 3 ) ~ ~ ( 1 C f l 3 ) , ~ K ( I 0 0 0 ) , ~ ( I 3 0 0 ~ ~ X I ~ 1 0 0 0 ) 1 L ~ 1 2 3 ~  
~ R O ~ I O O ) ~ Z O ( ~ O O ) ~ A L ~ H ~ O ( I O ~ ~ ~ C O N S ( ~ C ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ G ~ ~ ~ O ) ~ T H I C K ~ I O O ~ ~  
2 R T ( l O n ) , Z T (  I ~ ~ ) , N c ( I o o ) , D T H E T A (  I R ~ ~ ) ~ F L ~ ~ G T I - I ( I C ~ O )  

CCb',ivION M,R,Z,AC,F,XI  , N O G E O D , R O , Z O , A L P H A O ; C O N S Y \ ~ ! ~ D ~ T H I C K ~ N C ~ R T ~ Z T ,  
I ~ P I A X , R F ~ A X I ~ M A X , T H K ~ X ~ J J , T ~ T ~ E ~ P I * D T H E T A ? F L N G T H Y T ~ U M ~ F L ~ U V ~ ~ ~ H I G H ~  
2  N L 3 W  , D I S T R T  , A D V N C E  S H A F T 1  , S H A F T 2  

~Dl ' l idCjrd A A  ,RR ,CC , L ? E L , D E L R H O ~ N S T A R T  
COIYMGN LLL , RHOFIN' ,  FR  , TP?IN 
C O N V  # 180.C / P I  
R H O 1  # RHO 
S I N A  # C O N S ( 1 )  / RR 
COSA # S Q R T F  ( R R * " 2  - c O N S ( I ) * * ~  ) / RR 
K # O  



L # O  
100 CONTINUE 

XX # RR + UPDOWN + AKN * RHC * COSA / FM 
YY # RHO * S'INA 
RPRIME # SQRTF ( XX**2 + YY?cs2 
ZPRINE # ZZ + RHO * COSA * UPDOWN / FN 
I F  ( XX X l I D  r  120 r  130  

- 1.10 DELTAT # ATANF ( Y Y /  XX X * CONV + I8O.Q 
GO TO 140 

1 2 0  DELTAT # 90.0 
GO T O .  140 . ' 

I ~ ~ . D E L T A T  # ATANF ( YY / x x  ) ' +  CONV 
140, CONTINUE 

R I  # RPRIME 
R2 # RPRIME + BE 
I F  ( ZPRIME - ~ ( N S T A R T )  X 1 5 0 r ~ l 5 0  9 160 

150 Z  l . #  ZPRIME. + AA 
2 2  # ZPRIME + AA + CC 
CRDZ # BB / CC 
DO 1 5 6  N  # I  r  NSTART 
I F  ( Z ( N )  - Z I  ) 156 r 156 r 152 

152 I F  ( Z ( N )  - 2 2  154  9 158 r  150 , 

1 5 4  kEYE # DRDZ * ( Z ( N )  - Z I  ) + R I  
I F  ( REYE - R(NX - DEL 2 1 0  r 156 r  156 

156 CONTINUE 
158 CONTINUE 

GO TO 1 7 0  
16C Z I  # ZPRIME - AA 

2 2  # ZPRIME - AA '- CC 
DRDZ # - BB / CC 
DO 166  N  # NSTART r  M  . 
I F  ( Z ( N )  - Z2 X 166 r 166 r 162 

162 I F  ( Z ( N )  - Z1  1 '  164  r 168 r 168 
164 REYE # DRDZ * ( Z ( N )  - Z I  ') + . R I  

I F  ( REYE - R ( N )  - DEL ) 2 1 0  r 16.6 9 166 
166 CONTINUE 
168 CONTINUE 
1 7 C C A L L  -RMANDL ( Z I  r RMI  

CALL  RMANDL ( 2 2  r RM2 ) 

CALL RMANDL ( ZPRiME RM3 ) 

I F  ( RPRIME - RM3 - GEL ) 2 1 0  r  175 r  175 
175 I F  ( R I  - RMI - DEL X 2 1 0  9 1.80 9 1 8 0 .  
1 8 0  I F  ( K 2  - K N 2  - DEL 2 1 0  r 185 9 185  
185 I F  ( RHO - ' R H O M I N  X 2 4 0  r 2 4 0  9 190 
190 I F  ( K - l ) 200 r 2 4 g  9 2 4 ~  
2 3 0  L  # I  

RHOTMP # RHO 
RPTEMP # RPRIME 
ZPTEMP # ZPRIME 
DELTMP # DELTAT 
R'HO # RHO - DELRHO 
GO TO 100  

,210 I F  ( L  - I  ) 2 2 0  9 23C1 9 2 3 0  
2 2 0  K  # I  

I F  ( RHO - 60.0 ) 2 2 5 - 3  2 2 2  9 ' 2 2 2  
2 2 2  TP2 # THET.A + DELTAT 

GO TO 2 6 0  
2 2 5  RHO # RHO + DELRHO 

GO TO 1 nil 
23C RHO # RHOTMP 

RPRIME # RPTEMP 
ZPRIME # ZPTEMP 



DELTAT # DELTMP 
2 4 0  CONTINUE 

T P 2  # THETA + DELTAT 
DTP # TP2 - T P I  
1 F  ( DTP ) 2 5 0  9 2 4 2  9 2 4 2  

2 4 2  I F  ( RHO-RHOI+FL 1 2 4 4  9 2 4 4  9 2 6 0  
2 4 4  I F  ( THETA ) 2 6 0  9 26Q 9 2 5 3  
2 5 0  K  # I  

I F  ( RHO - 60.0  ) 2 5 5  r 2 6 0  9 2 6 0  
2 5 5  RHO # RHO + DELRHO 

GO TO 1 0 0  
2 6 0  CONTINUE 

RHOCOS.#  RHO * COSA * UPDOWK / FN 
I F  ( A B S F ( R H O C 0 S )  - . @ 0 0 0 0 1  1 2 7 9  9 2 8 0  9 2 8 0  

2 7 0  AANGL # 90.0 
GO TO 3 0 @  

2 8 0  AANGL # ATANF(  ( R R * S l N F ( D E L T A T / C O N V )  1 / ( - KHOCOS 1 ) * COhV 
I F  ( AANGL 2 9 0  9 33? 9 3Cfl  

2 9 0  AANGL # AANGL + 180.0 
3 0 0  CONTINUE 

RE TURN 
END 

Subroutine BLKADD 

CBLKADD ADD BLOCKS WHEN CARGE MANDREL ROTATION ~ c c u e s  
6UBROUTIFiE ELKADD ( I 9 R R I  , Z Z I  , T T I ? A K I  ? T P R I , R R ~ ~ Z Z ~ ~ T T ~ , A K ~ ~  

I  TPR~,F ILFED,F ILDwN,UPDO!~N 
D I ~ ~ E N S I O ~ ~  R ( I o O O ~ ~ ~ ( I O ~ O ) ~ A K ( I ~ ~ ~ ) , F ( I G O O ~ ~ X I ~ I O O O ) I L E ~ ~ ) ~  
~ R ~ ~ ~ ~ ~ ) ~ ~ O ( I O O ) ~ ~ L ~ H ~ ~ ( I ~ O ) ~ C G ~ \ ~ S ~ I O O ) ~ ~ ~ ~ ~ O ~ ) ~ D ~ ~ O O ) ~ ~ H ~ C ~ ~  l o o ) *  
2RT ( 1 0 0 )  r Z T (  1 0 0 )  ,Nc(  1 3 0 )  ,DTHETA(  I O @ O )  ,FLNGTH( 1 0 0 0 )  

COMMON r4,R,Z,AL,F,XI ~ N O G E O D ~ R Q ~ Z O ~ A L P H A O ~ C O ~ \ ~ S ~ ~ ~ ~ D ~ T H ~ C K ~ N C ~ R ~ ~ ~ ~ ~  
I S M A X , R M A X , Z M A X , T H M A X , J J , T I T L E , P I , D T H E T A ~ F L N G T H , T ~ U M ~ F L S U M ~ N H I G H ~  
2  NLOW 9 D I S T R T  9 ADVNCE 9 'HAFT1 r SHAFT2 

COMMON AA,RB,CC,DCL,DELRHO,NSTART 
COMiqON L L L  9 RHOMI& 9 F R  9 T M I N  
DBA # 18.0 
BANGLE # T P R l  
DENOM # TPR2 - T P R l  
DR # RR2 - R R I  
DZ '# 2 2 2  - Z Z I  
DK # A K 2  - A K I  
DDD # 0.0 
DWN # 0.0 
DDDSUM # 0.0 
DGNSUM # 0.0 ' 

D T T  # '1'1'2 - T T I  
I 0 0  CONTINUE 

BANGLE # BANGLE + D6A 
I  l a  CONTINUE 

FACTOR # ( BANGLE - TPKI  / DENOM 
RRS # R R I  + FACTOR * DR 
Z Z S  # Z Z I  - +  FACTOR * DZ 
TTS # T T I  + FACTOR * DTT 
AKK # A K I  + FACTOR * DK 
I F  ( ABSF ( AKK ) - 1.g E  1 0  ) 1 2 0 9  1 3 0 9  1 3 0  

1 2 0  F I  # SQRTF ( 1.0 + AKK 9 9 2  ) 

GO TO 1 4 0  



1 3 0  F I  # ABSF ( AKK ) 

1 4 0  CONTINUE 
DDDSUM # DDD5UM + DDD' 
DWNSUM # DWNSUM + DWN 

' D D D  # FACTOR * F I L F E D  - DDDSUK 
DWN # FACTCR * F ILDMN - DWNSUM 
S I N A  # C O N S ( 1 )  / RRS 
COSA # SCRTF ( 1.0 - SLNA s* 2 .) \ 

E # ( BANGLE - TTS ) " P I  180.0 
CB # C O S F ( B )  . 
I F  ( ABSF ( C B  ) - 0 0 0 1  ) 150 9 150 9 160 

, ,  I '5C RHO # RRS / ( - UPDOWN * AKK * COSA / F I .  1 
G O ' T O  170  

16'0 TANB # S I N F ( B )  / C B  
RHO # ( RRS * TANB ) / ( S INA - U P D O ~ ~ N  * AKK * CCSA * TANB / F I  

1 7 0  CONTINUE 
XXX # RRS + UPDOWN * AKK * RHO * CCSA / F I  
YYY # RHO * S I N A  
RHOCOS # RHC * COSA +i UPD3b!N / F I  
XX # SQRTF ( XXX **, 2 + YYY ** 2 ) 

YY # ZZS + RHOC3S 
I F  ( ABSF ( RHOCOS ) - .00001  ) 180 180 19'0 

185  AANGL # 90.0 
GO TO 2 2 0  

1 9 0  AANGL # .ATANF ( ( R R S  '* S I K F ( B 1  ) / ( - RHOCOS ) 1 * 180.0 / P I  
IF ( AANGL. ) 2C@ 22!? 9 22fl 

2 0 0 .  AANGL # AANGL + 18fl.Q 
2 2 0  CONTINUE' 

CALL  RMANDL ( YY r RMI ) . 
I F  ( X X -  RMI - DEL ) 2 3 0  2 4 0  2 4 0  

23.0 XX # 2M l  + DEL . 

2 4 0  CONTINUE 
EREV # BANGLE / 360.0 
AREV # AANGL / 360.0 
WRITE OUTPUT TAPE 6 , 4 0 0 g r  R R S , Z Z S , T T S ~ X X  , Y Y  ,EANGLE ,AANGL,R+DD~,  

.I DWNiBREV 9AREV 
4 0 0 0  FORMAT ( 3H ** 9 F 8 . 4 ~ F 1 0 . 4 ~ F 1 ~ . 2 ~ 2 F I 0 . 4 ~ ~ F I 0 . 2 , 2 F l f l . 8 , 2 F l C ~ 5 .  

LLL  IY L L L  I I  
WRITE TAPE I  , RR59 Z Z z  9 TTS 9 XX r YY r BANGLE 9 AANGL , DD,D 
I F  ( BANGLE - TPRz + DRA ) 2 5 0  9 300  9 3Ct0 

2 5 0  I F  ( BANGLE - TPR2 + 2.0 * 3BA ) 1 0 0  9 100,  2 6 0  
2 6 0  DB # ( TPR2 - BANGLE ) / 2.0 

BANGLE # BANGLE + DL3 
G'O TO l l O  

3 0 0  CONTINUE 
F I L F E D  # DDD 
FILDWN # DWN 
RETURN 
END 

+LABEL 

Subroutine BLKDLT 

CBLKDLT DELETE BLOCKS THAT ,ARE TOO S?4ALL 
SUBROUTINE BLKDLT ( NOPTS ) 

DELMIN # 5.0 
REWIND I  
N # l  
R E A D  TAPE I , RR,ZZ,TTIXOLD~YOLD,BOLD,AGLD 



1 0 0  CONTINUE 
DSUM # 0.0 

1 5 0  CONTINUE 
N # N +  I  
READ TAPE I  ,RR ,ZZ ,TT ,XNEW,YNEb!,eKEb.!,ANEid,DNEbG 
DX # XNEW - XOLD 
D Y . #  YNEW - Y0L.D 
DB # BNEid - 6 0 L D  
DA # ANEW - AOLD 
DSUM # DSUM + DNEW 
FACTOR # 5.0 * ( A B S F ( D X )  + A B S F ( D Y )  + 3SUM ) + C@ / 3.0 

I  + A B S F ( D A )  / 5.0 
I F  ( FACTOR - D E L M I N  2 0 0  9 2 f l 0  9 1 7 0  

1 7 0  BREV # BNEW 3 6 0 . 0  
AREV # ANEW 3 6 0 . 0  
WRITE OUTPUT T A P E  10 ,4000 ,  X N E ~ ! , Y N E ~ J , A R E V , B R E V , D W M  

4 0 0 0  FORlviAT ( 14H GO T O , /  F I p . 4  , I H ,  9 F 1 0 . 4  9 5H, Q , , 
1 F10.6 , I H ,  , F10.6  9 1 / 4 9  F I O . 4  , 8X ) 

I F  ( N  - NOPTS + I  1 8 0  9 1 9 0  9 2 2 0  
1 8 0  XOLD # XNEW 

YOLD # YNEW 
BOLD # BNEW 
AOLD Ir' ANEW 
GO TO 1 0 0  

1 9 0  READ TAPE I  9 RR,ZZpTT ~X~.JE\~! ! ,YNE'~<,~NEW,ANEW,DSUM 
GO T 3  2 1 0  

2 0 0  CONTINUE 
I F  ( N  - NOPTS ) 1 5 0  2 1 0  r 2 1 0  

2 1 0  BREV # 6NEW / 360 .0  
AREV # ANEk / 360 .0  
WRITE OUTPUT T A P E  10,4@00,XKEk!9YfiEW,AREV,EREv,DSUF/l 

2 2 0  CONTINUE 
REWIND I  
RETURN 
END 

CRMANDL , D E T E R M I N E  RADIUS OF MANDREL FOR A  G I V E N  VALUE OF Z  
SUBROb,T INE.  RIv1ANDL ( L S  3 RIbl 
D I ~ ; E N ~ I @ ~ ' u  R ~ I O O O ) , ~ ( I ~ ~ O ) , A K ( I ~ O ~ ) , F ( I O ~ O ) ~ X I  ( I O O O ) I E  1 2 1 9  

~ R O ( I O O ) ~ ~ ~ ( ~ ~ ~ ) ~ A L P H ~ ~ ~ I ~ ~ ~ ~ C @ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ D ~ E O ) H I C ~ ~ ~ ) ~  
2 R T (  1 0 0 )  , Z T (  1 0 0 )  , N c ( I O O ) , D T H E T A ( I C ! O ~ ) ~ F L ~ G ~ H ( ~ O ~ ~ ~ )  

CG.l~iIbi0N F,.;,R,Z,AK,F,XI ,NOGEOD,RC,ZO,ALPHA*~,CONS,W.,D,TH~CK,NC,RT,ZT, 
I S M A X , R M A X , Z M A X , T H ~ ~ A X ~ J J , T I T L E  ,PI ,CTHETA,FL~GTH,TSUM,FLSU~~,NHIGH,  
2 NLOW , D I S T H T  , ADVNCE 9 SHAFT1 9 S H A F T 2 .  

I F  ( Z S - Z ( I )  1 1 0  9 1 0  2 0  
10  RM # SHAFT1 

GO TO 6 0  

30 CONTINUE 
RM # SHAFTZ 
GO TO 6 0  

4 0  RM # R ( N N )  
GO T 3  60 

5 0  NN # NN - I  
RM # A K ( N N )  * ( ZS - Z ( N N )  + R ( N N )  

G O  'COHTIPUC . 



R E T U R N  
END 

Subroutine TZZPPT 

CTZZ-PPT PLOT GEODESIC AND E Y E  LOCATION THETA vs  z AND z vs R 
S U B R O U T I N E  T Z Z P P T  ( XO,Y3,ZSCALE,T.LNGTH,RZSCLE ) 

D I M E N S I O N  X A X ( l 2 )  9 Y A X ( ( 2 )  
D I ~ . ~ E N S I ~ S ~ ~  R ( ~ ~ ~ ~ ) ~ ~ ( I @ O O ) ~ A K ( I @ O O ~ ~ F ( I @ O O ) ~ X I ~ I O O O I T L E ~ ~ ) ,  

I R O ( I O O ) ~ Z C ! ( I O O ) ~ A L F H A G (  I ~ ~ ) ~ C O ~ ~ ( I ~ O ) ~ ~ ( I [ ! ~ ) ~ D ( I O O ) ~ T H I C K ( I O ~ ) ,  
~ R T ( I O O ) ~ Z T ( I O O ) ~ N C ( I O O ) ~ D T H E T A ( I ? ? ~ ) ~ F L ~ G T H ( I ~ ~ ~ )  

COPiiviCIlV P i r i i ,Z ,AK,F ,X I  , I~OGEOD,~Z,ZC,ALPHAG,C3NS, ' jJ ,D,THICK,NC,RT,ZT,  
I SMAX,RMAX,ZMAX,THI4AX,JJ,TITLE,PI ~ D T H E T A  , F L ~ ~ s T H , T S U I ~ , F L S U ~ ~ I , ~ ~ H ~ G H ,  

' 2  NLOW r D I S T R T  ACVNCE S H A F T 1  , , S H A F T 2  
COMMON AA ,eE3 ,CC 9 D E L ,  DELF?!-Io , I \ ~ S T A R T  
COMMON L L L  RHOiYIN ., FR 9 TP.IIN 

3 X A X ( I )  # 6 3 3 0 2 5 6 3 2 1 5 3  
, B Y A X ( I )  # 6 0 6 0 6 0 6 0 7 1 5 3  

E T I T L E ( 7 )  # 7 1 6 0 6 0 6 3 3 0 2 5  
B T I T L E ( 8 )  # 6 3 2 1 6 0 6 0 4 7 4 3  
B T.1 T.LE ( 9 )  # 4 6 6 3 5 3 6 0 6 0 6 0  

Z I L N G H  # ZMAX * Z S C A L E  . 
DIVX # 1 0 . 0  'TLNGTH 
D I V Y  # 1.0 / Z S C A L E  
X L D  # . I 
Y L D  # 1.0 
NX # 5  
N Y # 5 .  
I 1  # 5 0  
R E W I N D  I 
C A L L  SETUP ( T I T L E  
C A L L  'AXPLOT ( X O r Y 0 , T L h G T H r Z l  L ~ ~ G H , D I V X , D ~ V Y , X L D , Y L D ' , ~ ~ X ~ N Y ~ I I  9 

I XAX,YAX ) 

T S C A L E  # TLNGTH / . T S U M  
I N K  # 2 ' 

DO 1 0 0  L  # I  9 L L L  
R E A D  TAPE I , R R , Z Z , T H E T A I R P R I M E I Z P R I M E , T P ~  
Z Z  # Z Z  * Z S C A L E  + YO 
Z P R I M E  # Z P R I M E  * Z S C A L E  + YO 
T T  # THETA + . T S C A L E  I XO 

' T T P  # T P 2  * T S C A L E  + XO 
C A L L  PLOT ( T T , Z Z , I , I N K  ) ' 

C A L L  PLOT ( TTP,ZPRIMEII,I ) 

C A L L  PLOT ( TT,ZZ , I 92 ) 

. I f l 0 , I N K  # I 
R E W I N D  1 
I N K  # 2 
DO 1 5 0  L  # I L L L  
R E A D  T A P E  ' I RR,ZZ,THETA,RPRIMEIZPRIE/~E,TPZ 
Z P R I M E  # Z P R I M E . *  Z S C A L E  + YO 
T T P  # T P 2  * ' T S C A L E  + XO 
C A L L  PLOT ( TTP,ZPRIME, I , INK 

1 5 0  I N K  # I 
C A L L  F I N I S H  ( 3 0 , T I T L E  
END F I L E  8  
R E W I N D  I 

B XAX ( I I # 6 0 6 0 6 0 6 0 7  1 5 3  
B Y A X ( I )  # 6 0 6 0 6 0 6 0 5 1 5 3  



B  TITLE(^) # 5 1 6 0 6 0 7 1 6 0 6 0  
B' T I T L E ( 8 )  # 4 7 4 3 4 3 6 3 5 3 6 0  

Z 2 L N G H  # Z M A X  * R Z S C L E .  
R L N G T H  # RMAX * R Z S C L E  
D I V X  # 1.0 / R Z S C L E  
D I V Y  # D I V X  
X L D  # 1.0 
C A L L  S E T U P  ( T I T L E  
C A L L  A X P L O T  ( X O , Y O , Z ~ L N G H I K L N G ' ~ ~ ~ , D I V X Y D I V Y ~ X L D ~ ~ L D * N ~ ~ N ~ ~  

I I I , X A X , Y A X  ) +  

I N K  # 2 
D O  , 200  L # l 9 L L L  
R E A D  T A P E  I , R R , Z Z , T H E T A , R P R I M E , Z P R I I . ' ~ E ~ T ~ ~  
Z Z  # Z Z  * R Z S C L E  + XO 
Z P R I M E  # Z P R I M E  * R Z S C L E  + X a  
R K  # K H  + R Z S C L E  + Y O  
R P R I M E  #' R P R I M E  * R Z S C L E  + Y O  
C A L L  P L O T  ( Z Z , R R , I , I N K  ) 

C A L L  P L O T  ( Z P R i M E , K P R I M E , l r l  1 
C A L L  P L O T  ( Z Z , K H 9 1 , 2  ) 

2 8 0  I N K  # I . 
C A L L  FINISH ( 3 0  9 T I T L E  ) 

E N D  F I L E  8  
R E W I N D  I 
R E T U R N  
E N D  

Subroutine AXPLOT 

C A X P L O T  DRAW A X E L  FOR P L O T S  
S U B R O U T I N E  A X P L O T  ( X O , Y C , X L , Y L , D I V X , C I V Y , X L D , Y L D , ~ X , I ' : Y , I I ~ X A X ,  

1 Y A X  ) 

C 

C XO 9 Y O  I S  T H E  O R I G I N  
C X L  9 Y L  I S  L E N G T H  O F  A X E S  
C D I V X , D I V Y  I S  D I V I S I O N S  P E R  I f ' J C H  
C X L 3 ,  Y L D  i S  L E N G T H  D I V I S l O N  R E P R E S E N T S  
C NX + ~ ' 1 '  15 V l V l b l U N b  10 l3L L A b t L i U  ( I , k V E R Y  D l V  3 2 , E V E R Y  O T H E R )  
c II IS S ~ Z E  O F  L E T T E R S  
C X A X  9 Y A X  ' I S  N A M E  O F  A X E S  
L 

D I M E N S I O N  X A X ( 1 2 )  9 Y A X ( 1 2 )  
X X L  # X L  + xo 
Y Y L  # Y O  + Y L  
C A L L  P L C T  ( X O  9 Y Y L  9 :  I  , 2 )  
C A L L P L O T  ( X O  , YO , I 9 I )  
I X  # D I V X  * X L  + a 0 5  
I Y  # D I V Y  * Y L  + - 0 5  
Y O F F l  # YO + 0 0 4  
Y O F F 2  # Y O  - e O 4  
X O F F l  # X O  - 0 0 4  
X O F F 2  # X O  + - 0 4  
DO 2 0  I # I 9 I Y  
Y I  I 
Y Y I  # Y I  / D I V Y  + Y O  
C A L L P L O T  ( X O F F l  , Y Y I  , I , 2  ) 

2 0  C A L L  P L O T  ( X O F F 2  Y Y I  9 I , I 
C A L L  P L O T  ( X X L ,  Y 3  , I 2 )  
C A L L  P L O T  ( X O  9 YO 9 I I )  
D O  1 0  I # I 9 I X  



X I  # I 
X X I  # X I  / D I V X  + XO 
CALL  PLOT ( X X I  , YOFFl r  I  2 ) 

10 CALL PLCT ( X X I  , YOFF2 9 I  , I  ) 

r F  ( 1 1  - 5 1  3 0 ,  4 0 ,  5 0  
3 0  S I Z E  # .g96 

Go TO 9 0  
4 0  S I Z E  # 192 

I 

GO TO 9 0  
5 0  I F  ( 1 1  - 5 3  1 6 0  70  , 8 0  
6 0  S I Z E  # 0 3 8 4  

GO TO 9 0  
70 S I Z E  # -768  

GO TO 9 0  
8 0  S I Z E  # 1.536 
9 0  CONTINUE - -. 

YOFF # YOFF2 - S I Z E  - .I  
DO I 0 0  I # NX I X  9 NX 

2 

X I  # I 
X X I  # X I  / D IVX 
XXXI  # X I  * XLD 
WRITE OUTPUT TAPE 0,1000,XXX1 

1 0 0 0  FORMAT ( F5.2 , IHB ) 

READ INPUT TAPE 0 9 1 0 0 2 9  A 
1002  FORMAT I A 6 - 1  

X X I  # XX1 - 2.5 * S I Z E  + XO 
1 0 0  CALL LETTER ( X X I  9 YOFF r 1 1  52 A 1 

YOFF # YCFF - S I Z E  - . I  
XX # xo  + XL / 4.0 
CALL LETTER ( XX , YOFF 9 I 1  9 52 r  XAX ) 

XIOFF # XOFFI  - .05 - 5.0 * S I Z E  
DO l l 0  I # NY , I Y  NY 
Y I  # I 
Y Y I  # Y I  / D IVY + YO - S I Z E  / 2.0 
YYYI  # Y I  * YLD 
WRITE OUTPUT TAPE 0 , 1 0 0 0 r  YYYI  
R E A D  INPUT T A P E  n, 1 n o 2  , A 

I I U  C A L L  L E T T E R  ( x o r r  , Y Y I  , II , 52 A 
XOFF # XOFF - S I Z E  - * I  
YY # YO + Y L  / 4.0 
CALL LETTER ( XOFF YY 9 I 1  53  9 YAX 1 
RETURN . 
END 




