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A COMPUTER PROGRAM FOR FITTING SMOOTH SURFACES
TO AN AIRCRAFT CONFIGURATION AND OTHER
THREE-DIMENSIONAL GEOMETRIES

Charlotte B. Craidon
Langley Research Center

SUMMARY

A digital computer program (D3400) that uses a three-dimensional geometric tech-
nique for fitting a smooth surface to the component parts of an aircraft configuration is
pi-esented. The resulting surface equations are useful in performing various kinds of
calculations in which a three-dimensional mathematical description is necessary.

Program options may be used to compute information for three-view and ortho-
graphic projections of the configurafion as well as cross-section plots at any orientation
through the configuration. These operations were implemented to validate the usefulness
and versatility of the surface equatiens. Output from this program has been used to drive
Calcomp, Gerber, and Varian plottei's and for on-line display on a cathode-ray-tube device.

The aircraft (Harris) geometry input section of the program may be easily replaced
with a surface point description in a different form. Therefore the program could be of
use for any three-dimensional surface equations.

At the present time, the program can only be applied to relatively smooth surfaces;
that is, there must be no abrupt changes in curvature. This deficiency is overcome to

some degree by using the airplane component parts or, stated another way, by using a
collection of surfaces.

INTRODUCTION

Aerospace vehicles, automobiles, and ships are examples of objects which require
smooth curved surfaces to establish their exterior shapes. An integral part of the design,
development, and manufacture of these objects is the construction of surface models which
can be analyzed for their interaction with the environment in which they are to operate,
The most useful models from the point of view of versatility and exactness of definition
are mathematical models.

The simplest mathematical model of a three-dimensional surface is a set of planes
which are defined by points and approximate the curved surface. In order to obtain an



accurate definition using a discrete set of planes, a large number of points on the surface
must be defined. Preparing and manipulating the data which yield a planar approximation
of a surface is laborious if an accurate definition is desired. Another difficulty with
planar approximation occurs when cross sections or contours of curved surfaces are nec-
essary. Planar approximation yields a very rough cross section or contour unless an
extremely large number of points are used to define the surface.

In recent years a high-order accurate method for mathematical modeling of smooth
three-dimensional surfaces has been developed. (See ref. 1.) This method is based on
approximating an arbitrary surface by piecing together surface ""patches."” Each patch is
defined by four boundary curves and is bicubic with respect to two parametric variables
in the interior. A patch is therefore defined by four corner points, the first derivative of
the corner points with respect to two parametric variables, and the cross derivatives of
the corner points with respect to the parametric variables. The patch-equation definition
yields a smooth representation of an arbitrary surface with relatively few pdints of defini-
tion. It also yields smooth approximations to cross sections and contour plots.

The purpose of this report is to describe a computer program which is based on the
use of sets of bicubic patches to define a relatively smooth surface. (See ref. 2.) In
particular the data description for the program is oriented toward aircraft configurations.
This allows the organization of data for the various components to be identical with the
data used for several standardized aerodynamic analysis computer programs. (See ref. 3.)
The aircraft data description has become known as the Harris Wave Drag geometry.

The program can also be used to model arbitrary three-dimensional objects by
using an alternate data input format. The data-point input to the program is not required
to be equally spaced in any coordinate variable. However, there are some restrictions on
the number of points in the descriptive lines for the same surface,

A three-dimensional parametric cubic spline technique is used to curve fit the input
data points roughly describing the surface. From the curve fit, the derivatives of the sur-
face patches with respect to the parametric variable at the corner points are established.
The cross derivatives of the patch representations with respect to the parametric vari-
ables are not used in this program. The values of the corner points and the derivatives
at the corner points constitute the information necessary to solve the patch equation. In
this way 36 pieces of information are required to define a patch; however, only 12 pieces
of information must be supplied as input. The remainder is determined from the spline
fit. Appendix A describes the cubic spline fit technique and appendix B, the patch
equations.

The entire aircraft geometry or other three-dimensional object is converted into

surface patch form. Each patch definition is identical in matrix structure which simpli-

fies the organization of the computer program and data base. (See appendix C.) All

2



computations, such as rotations, are performed directly on patch equations rather than on
interpolated x-, y-, and z-coordinates.

The computer program has the ability to display the orthographic projections of the
input description of the surface and the enriched description of the surface based on the
patch definition. (See appendix D.) The desired angles of orientation for viewing the
surface are inputs to the computer program and the transformation based on these angles
is applied to the patch definition. An option of the program tests the derivatives normal
to the surface and deletes those points from the orthographic projection which are facing
away from the observer. This option gives the program a partial hidden-line capability
which works very well for convex closed surfaces. Figures 1 to 3 are examples of ortho-
graphic projections.

The program is also capable of producing plots of the surface coordinates of a cross
section at any desired orientation. (See appendix E.) Figures 4 to 6 are examples of
cross-section plots. The cross-section calculations consist of the simultaneous solution
of the patch equations and the equation of a plane. The plane is defined by three points
which are input to the program.

SYMBOLS

A,B,C,D parametric cubic spline coefficients

a,b,c,d plane equation coefficients

B boundary matrix

L chord length

M blending function matrix

M Mach number

N surface normal vector

P a vector whose components are functions of t
PI’PZ’P3 points used to define a plane

S component of surface patch equation



T diagonal vectors

t independent variable in cubic equation

u,w independent variables in patch equation

\' a vector whose components are functions of u and w
\4 unit vector

X,y,Z coordinates of a point

0 pitch angle

] roll angle for Mach plane orientation

¢ roll angle

¥ yaw angle

PROBLEM DESCRIPTION AND METHOD OF SOLUTION

The numerical model of the input airplane configuration is assumed to be symmet-
rical about the XZ-plane (positive Y-side) and may include any combination of components:
wing, body, pods, fins, and canards. The wing is made up of airfoil sections, the fuselage
is defined by either circular or arbitrary sections, the pods are defined similar to the
fuselage, and fins and canards are defined similar to the wings.

The configuration is usually positioned with its nose at the origin and with the length
of the body stretching in the positive X-direction. '

The coordinate system used for this program is a right-handed Cartesian coordinate
system as illustrated in sketch (a).

Since the modeling technique expects to approximate a smooth surface, sufficient
input data points with no abrupt changes in curvature should be supplied. A three-
dimensional parametric cubic spline technique is used for the patch boundary-curve defi-
nitions in which the coordinates are expressed as cubic functions of one variable. A
series of adjacent polynomial segments between each given point is used to represent the
curve. The length of each segment is used as the parameter and later normalized to 1.
Linear segments are used when a line consists of less than three points.
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S ‘Sketch (a)

The cubic spline curve fitting subroutine uses a technique from a paper by Timothy
Johnson of Massachusetts Institute of Technology and is summarized in appendix A.

The x-, y~-, and z-coordinates of a surface patch are each single-valued cubic func-
tions of two parameters, u and w. The coefficients of these cubics are expressed in
terms of end points and partial and cross derivatives with respect to the u and w
parameters. The result is a parametric bicubic representation of three-dimensional
surfaces. Sketch (b) shows a typical patch.

0,1 1,1
u, !
w 0, 1, w
u, 0 1,0
0,0
/’-u—‘ﬁ
Sketch (b)

Each patch equation requires 48 pieces of information,

A summary of the bicubic surface patch equation form is given in appendix B and
the storage file description of the surface patches is given in appendix C.

The orthographic projections illustrated in this report are created by applying the
three-dimensional rotation equations directly to the patch equations describing the body
surface for plotting the aircraft at any desired viewing angle. The rotated patch equa-
tions are projected into the two-dimensional patch form of the paper plane. An enriched



surface may be obtained from the rotated and projected patch equations by holding u

constant and varying w from 0.0 to 1.0, then by holding w constant and varying u
from 0.0 to 1.0.

The orthographic plotting routine also includes a hidden-line option where the nor-
mal vectors are computed from the rotated and projected form of the patches. A positive
normal vector indicates that the point is visible and a negative normal vector indicates
that the vector points away from the viewer and thus is not visible. The method used for
the orthographic projections is given in appendix D.

Another routine has been written to compute and plot the surface coordinates of a
cross section through the body at any desired orientation. The calculations consist of

the simultaneous solution of the patch equations and the equation of a plane. The method
is described in appendix E.

PROGRAM DESCRIPTION

LABELED COMMON

The following list contains the FORTRAN variables appearing in labeled COMMON.

COIIZItl)\g?N F‘gf;;g%ﬁN Description
PATPLT

XMIN Minimum x-value for plotting

XMAX Maximum x-value for plotting

YMIN Minimum y-value for plotting

YMAX Maximum y-value for plotting

ZMIN Minimum z-value for plotting

ZMAX Maximum z-value for plotting

NOBJ Total number of objects (or components) which

could form an aircraft configuration

THREED

ABCDE(8) Identification

HORZ X-axis of the paper plane

VERT Y-axis of the paper plane

TEST1 Hidden-line option flag



COMMON

label

XSECT

FORTRAN

variable

PHI
THETA
PsI
PLOTSZ
TYPE
NOU

NOW

ISIDE

KODE

ABCDE(8)
PPL1(3)

PPL2(3)

PPL3(3)
PLOTSZ
HPAGE
VPAGE
INP
NOU

NOW

ISIDE

Description

Roll angle

Pitch angle

Yaw angle

Plot frame size
Type of plot desired

Number of internal points for each patch in
u-direction

Number of internal points for each patch in
w-direction

Flag for plotting object or object and its mirror
image

Flag for plot-option branch

Identification

Origin of cross-section plot and one point in
three-point-plane definition

Second point in three-point-plane definition;
or X-intercept, roll angle, and Mach number
in plane-angle definition

Third point in three-point-plane definition
Scale factor

Horizontal paper origin

Twice the vertical paper origin

Specifies kind of plane input

Number of points to interpolate for each patch
in u-direction

Number of points to interpolate for each patch
in w-dire ction

Flag for examining object or object and its
mirror image



FORTRAN
variable

COMMON
label

IPRIN
KODE
XSTAT
THETR
XMACH

Description

Print code

Flag for plot-option branch
X-intercept for Mach plane

Roll angle for Mach plane orientation

Mach number

OVERLAY ARRANGEMENT

Program D3400 is set up in the overlay mode and sketch (c) illustrates the overlay

arrangement.

Overlay (0,0)

D3400

\V/

Overlay (1,0}

Overlay(2,0 Overlay (3,0 Overlay(4,0)

START ]

l SURF l

| " ORTCON XPLT ]

¥

PACH I

¥

SPFIT J

v

[ OTHPLT |

W
[ _rom |

[

Sketch (c)

The control program (0,0) calls in the other parts of the program as they are needed.
The initialization overlay (1,0) reads cards defining the body surface, converts the input to
actual units, and temporarily stores the surface description as a series of lines. Cubic



spline fairing is performed on curved lines defining the body surface in overlay (2,0) and
surface patch equations are constructed and temporarily stored. Overlay (3,0) generates
orthographic plot information using the patch equations, and overlay (4,0) generates cross-
sectional plot information using the patch equations.



PROGRAMS AND SUBPROGRAMS

Program D3400

Program D3400 (overlay (0,0)) is the control program. This program initiates
loading and execution of other parts of the program as required. The flow chart and the
FORTRAN statements for this overlay are as follows:

Overlay (0,0)
Program D3400

Print
program
identification

CALL
OVERLAY (1,0}

Input surface
description

CALL
OVERLAY (2,0)
Compute and
store patches

Write EOF
on plot

CALL
OVERLAY (3,0) =1
\ 3D plots /

CALL
OVERLAY (4,0)

Cross-section
plots

10
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OVERLAY(CB8C»0,0)
PRUGRAM D3400(INPUT=201,0UTPUT=201,TAPEL1O=201,
LTAPES=INPUT, TAPEG6=UUTPUT ,TAPET)

D3400 (SPALE) — SURFACE PATCH DEFINITION EQUATIONS
fCONVERTS A SURFACE PQOINT DESCRIPTION
TO THREE DIMENSIONAL SURFACE PATCH EQUATIONS)
PRUGRAMER — CHARLOTTE Be CKAIDON

CUMMON/PATPLT/
LXMIN ) XMAXy YMIN,)YMAXy LMIN 9 ZMAX o NOBJ

CoC=3LC8C

RECALL=6HRECALL

CALL PSEUDO

WRITE (6420)

FURMAT L1HLLOX24HPRUGRAM 03400 (SPADE) - »34HSURFACE PATCH DEFINI
LTION EQUATIUNS//7)

INPUT SURFACE PCINT DESCRIPTIUN AND PRUCESS
FUR TAPE 10 AND FUR LABELED CUOMMUN RATPLT

CUNT INUE
CALL OVERLAY (CBCy»190,0)

CUMPUTE AND STURE PATCH EQUATICNS
CALL OVERLAY (CBLy290,01
READ (5,500 ITYPE
FORMAT (14)
IF (ENDFILE %) 90,060
w0 Tu ‘70:60150)1 ITYPE
THREE DIMENSLONAL PLGTS
CONT LNUE
CALL OVERLAY (C3(s3,0,0)
Gu TO 40
CRUSS SECTION PLUTS
CALL UVERLAY (CBCs490,0)
U TO 40
CALL NFRAME 3 CALL CALPLT(Q.:0.9999) $ STouP
END UF 03400

END

11



Program START

Program START (overlay (1,0)) reads the configuration description cards and prints
them, changes the input values to actual units where necessary, computes the minimum
and maximum dimensions of the given configuration, and temporarily stores the airplane
description as a series of lines. The flow chart and the FORTRAN statements for this
overlay are as follows: '

overlay (1,0)
Program START

Print 1D,
read and
print control
integers

Write wing
grid on
unit 10

Search for
hin. and max
dimensions

Change wing
input to
pctual units

Read WAFORD
cards and
print

Read XAFP Read

and WAFORG T TZORD cards

cards and and print
print

Set all
TZORD=0.

12



JJ=
1321

Set J2TEST
by type of
fuselage

Read
XFUS cards
and

print

Read
ZFUS cards
and print

-

wWrite f£in
grid on
unit 10

Search for

min. and
max.
dimensions

Change fin
input to
actual unitq

Set all
ZFUS=0.

J2TEST
:3

Read Read arb.
FUSARD cards body section
and print cards and

print

Compute Search for

radius for min. and
each max.

section dimensions

Write pod
grid on
unit 10

Search for

min.
and max.

dimensions

Write body
grid on
unit 10

Read canard

lower
ordinates
and print

Read CANORG,
XCAN and

CANORD cards
and print

NCANOR:0

Set canard
lower
ordinates
equal to
upper

Change -
anard inpuy

to actual
units

Search for
min. and
max.
dimensions

Write canar
grid on
unit 10

RETURN

13
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35
40
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UVERLAY{CBCy1,+0)
PRUGRAM START

INPUTS AIRCRAFT SURFACE DESCRIPTION,
FORMS INTO UESCRIPTIVE LINES WRITTEN ON TAPE 10,
AND CUMPUTES MINIMUMS AND MAXIMUMS

COMMON/PATPLTY/
LAMIN g XMAXo YMINy YHMAXy ZMIN» LMAX ¢ NUBJ

OIMENSIOGN BLOCK (7500)

DIMENSIUN XAF(30) s WAFORG(Z20+4)yWAFORD(2093430)+TZ0RD(20,30)
EQUIVALENCE (BLUCK ) XAF) ¢ (BLOCKI31)yWAFORG)y
L{BLOCKLLLLdyWAFURD)» (BLOCKULIL1) s TZURD)

DIMENSION XFUS(30:,4) 9ZFUS{3094)yFUSARD(30y4) yFUSRAD(30,4),
LSFUS(30493048)

EQUIVALENCE (BLUCK sXFUS) 9 (BLOCK(L121)¢ZFUS) ¢ {BLUCK{241) ¢FUSARD)
LIBLUCK{36L),FUSRAD)y (BLUCK(241),SFUS)

DIMENSLIUN PUDUKRG(943)4XPCD(9,30) yPODORD(9+30),XP0DLI9,30)
EQUIVALENCE (BLOCKPUDURG), (BLUCK(28) ¢ XPOD) s (BLOCK(298) ,PUDORD)
L{BLOCK(508) ¢ XPUUL)

OIMENSION FINURG (692 ¢4) ¢ AFINLG6910)yFINORD6+2,10),
LFINKZ{092910) ¢ FINXK3(692,10)

EWQUIVALENCE (BLOCK,FINURG)»(BLOCK(49) ¢ XFIND}y (BLOCK(L09),FINDRD),
LIBLUCK(229) s FINX2)y (BLUCK{349),FINX3)

UIMENSION CANURG (24924940 s XCAN(2510) sCANORD{:252+10)
1CANORLL2924+10) yCANURXIZ2424+10)

cQUIVALENCE (BLUCKCANURG) 9 (BLGCKULT) 9 XCANDy (BLUCK(37)yCANORD)
L{BLUCKLTT) yCANOR LY 9 (BLOCKILLT7)9CANURX)

DIMENSIUN ABC(8) ,ABCO{B) yANSINI30),ANCOS(30)NAMEL2)
DIMENSIGN NRADX(4) ¢yNFORX(4)

DIMENSION ALRT (314+3)

DATA PI/3.14159205/

REAIND 10
FURMAT (8A10}
FORMAT (1X8A10)
FUKMAT (10F7.0)

REAC [0 CARD AND CARD UF CUNTROL INTEGERS

READ (5,100 ABC

IF (ENDFILE 5) 35,40

CALL NFRAME $ CALL CALPLT(0.90.,999) & STOP

CONT INUE

WRITE (6,5U) ABC

FURMAT (23X, 34HAIRCRAFT CCNFIGURATIUN DESCGRIPTIUN//1XBA10/7)
READ (5,10) ABlD

WRITE (6,60) ABLU

FURMAT (1X8A10/)

DECODE (724700A8CD) JU»JL9d210393499J59J69)NWAF ¢ NWAFOR ¢ NFUS» {NRADX (I

L) yNFORX{L) 9I=194%) s NPy NPOUGORyNFyNFINOKy NCANyNCANOR
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axcC OO

90

100

110
120

130

140
150

FURMAT (z413)

WRITE (10) ABC
NOBJ=0

REFERENC &£ AREA

IF (JOe.NEel) GG TOU 80

READ (5,10) A8CD
WRITE (6,20) ABCOD

WING

JJy=1A8S(J1)

IF {(JJ.NE.L) GU TU 290

N=1ABS (NnAFUR)
NREC=(N+9) /10

Il=-9

12=0

DO 90 NN=1,NREC
READ (5,10) Avly
WRITE (6920) ABCO
I1=11+10

[2=12+10

DECUODE (70430,A8CD)
CONT INUE

DU 100 1=1,NaAAF
READ (5,10) ABCD
WRITE (6,20) ABCD
DECODE (25+30,A8CD)
CUNT INUE

IF (Jl.LT.0) GU TO 1
DU 120 NN=1,NWAF
I1=-9

12=0

DU 110 N1I=1,NREC
ReaD (5,10) AoCD
WRITE (6420) AbLD
[1=11+10

[2=12+10

DECUDE (70,30,4BC0D)
CUNT INUE

CUNT INUE

Gu TU 150

Uu 140 I=1/NWAF

DU 140 K=1,N
TLURU(I K=V

L=1

IF (NWAFUKLTLU) L=2
DU L70 NN=1,NwAF

DU 170 K=1,L

[1=-9

[2=0

DU 160 N1=1,NREL
READ (5,10} ABCv
WRITE (64201 ABCD
[1=11+10

[1¢=12+10

(XAF (1) D=11412)

(WAFCRG(I9J) sd=1+4)

30

{TLORUINN,I) 4 1=11,12)

15



160
170

180
190
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<00
210

220
23U

240
250
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VELOUVE (T0,30,4BC0) (HAFURO(NNvK:I):I=Ilr(2)

CUNT INUE
CONT INUE

IF (NWAFUR.LT.0) GU TU 190

DU 180 NN=1,NwAF

DO 180 K=1,N
MAFURDINNY 24 K)=# AFURD(NNy 1 4K )
CGNT INUE .

NWAFOR=TABS{ NWAFUR)

NW=NwAF OR

JL=1A35(J1)

CAANGE TO ACTUAL UNITS, COUMPUTE MINIMUMS A

V0 210 1=1l,NKWAF
E= OL*WAFURG (] 44)
E3=WAFURG (I, 3)

DU 200 J=1,NWAFUR

wAFORD(l;l,Jl=E*NAFURD(IploJ)+EB*TZDRD(I.J)
WAFURDiiysz)=-E*HAFORD(lyZ:J)+E3+TZURD(IvJ)

NAFURD(I:B:J)=WAFORG(I,11+E*XAF(J)
CUNT I NUE

XMIN=XMAX=WAFURG{1,1)
YMAX=WAFURG( L,2)

YMIN=WAFURG(1,y2)
LMIN=ZMAK=WAFURD(Lyl,1)

DO 230 N=1,NWAF
XMAX=AHAA1(XMAX,HAFURD(NvaNH)D
XMIN=AMIN1(XMIN,WAFURD(N,3'l)k
YMAX=AMAX1(YMAX'wAFURG(N:Z))
YMIN=AMIN1(YMIN;“AFORG(NvZ))

DO 220 NN=1,Nw
LMAX=AMAX1(ZMAX:NAFORD(Ny19NN))
lMIN=AM[Nl(ZMIN:wAFURD(N:Z,NN))
CUNT INUE

CONT INUE

WRITe LINE TAPE

NN=¢

NCOMP=L$NAME (L) =10HwW ING $NAMELZ2)=10H

WRITE (10) NNy NCUMP s NAME s NNy NN
NUBJ=NUBJ+]

DU 280 I=1,2

WRITE (10) NWAF o NWAFGR ¢ NN 9 NN ¢ NN
KKK={ I~1 )% {NWAFOR+1)
KK=(=1)%%(j+1)

SETUP SPANWISE LINES

DU 250 K=1,NWAFUR
NN=KKK+KK*K

DU 240 N=1,NWAF

ALRTUN» L)=wAFORD (Ng3,NN)
ALRTI{N»2)=wAFORG(N,2)
ALRTIN»3)=WAFORD (N, I,NN)

CONT INUE

WRITE (10) COALRTUNIN3 ) o N= 1, NWAF ) yN3=
CONT INUE

143)

ND MAXIMuUMS



e ol e

260

270
280

290

300

310
320
330
340

SETUP STREAMWISE LINES

DU 2170 NN=1lyNwAF
DU 260 K=1¢NaWAFUK
N=KRK+CK¥K

ALRT UKy L)=WAFORD (NNy34N)
ALRT UK »2)=WAFURL NN,y 2)
ALRT (K 93)=wAFORD(NNy [yN}

CONT INUE

WRITE (10) ((ALRT(NyN3) sN=L,NW)yN3=1,s3)

CUNTINUE
CONT INUE

FUSELAGE

JJ=1ABS(J2)

IF (JJ.NE.L) GU TO 590

J2TEST=3

IF (J2eEQa=1.ANDoJOEW—1d J2TEST=1
IF (J2eEde~leANDJbEQ.D) JZTEST=2
IF (J6esEudel) J2ZTEST=1

J2=1

V0 410 NFU=1yNFUS
NRAD=NRADX(NFU)
NEUSUR=NFUORXINFU)
N=NFUSUR
NREC=(N+9)/10
I1=-9

12=0

DU 300 NL=1sNREC
READ (5,10) ABCOU
WRITE (6,20) ABCD
11=11+10

12=12+10

DECGDE (70+30,A3C0)
CONT INUE

IF (J2TEST.NE.2) GO
Il==-9

12=0

DU 310 N1=1,NREC
READ (5,102 A3LD
WRITE (6920) ABLD
11=11+10

[2=12+10

DECUDE (70,30,A3CD)
CONT INUE

GU TUO 340

DU 330 I=1,N
LFUS{LsNFU)I=0.

IF (J2TEST.NE.3) GU
NCARD= (NRAD+9) /10
DU 370 LN=1,N

DO 360 K=142
KK=K+{NFU—1)*2
I1=10

Ii=-9

{2=0

(XFUSCILyNFU) »I=11,12)

TO 320

(ZFUS(TyNFU) 9 I=11412)

TO 380

17



350
360
3710

3380

390
400

410

420

430

440

450

18

DO 350 NN=1,NCARD
IF (NN<.EQeNCARD) 1I=MUOU(NRAD,10)

IF (1L.EQ.O) 11=10

Il=11+10

12=12¢11

READ (5,10) ABCOD

WRITE (6,20) ABCD

DECODE (70+¢30,AB8C0) (SFUS(I LNsKK),I=11,12)
CONT INUE

CUNT INUE

CONT INUE

GU TO 410

[1=-9

12=0

DU 390 NL=1,NREC

READ (5,10) AsCD

WRITE (6,20) ABCD

IL=I1+10

12=12+10

DECUDE (73+30,A8C01 (FUSARULIsNFUdI=11,12)
CUNT INUE

U0 400 I=1,N _

FUSRAD(I yNFU)=SGKTIFUSARD(IL,NFU)/PI)

CUNT INUE
FUSELAGE MIN ANw MAX

IF (Jl.NEe0Q) GU TO 430
XMIN=XFUS(1l,1)

XMAX=XFUS{1,1)

IF (J2TEST.2Qe3) GU TO 420
YMIN=FUSRAD(1l,1)

YMAX=FUSRAUD(1l,1)
LMIN==FUSRAD (1L )+4FUS(141)
LMAX=FUSRAD( L, 1) #ZFUS(L,1)

GO TU 430

YMAX=SFUS{1lylsl)

YMIN=SFUS({Llelel)

LMIN=3FUS Ly ls2)

LMAX=SFUS{1y1,2)

VDU 470 N=lNFUS

NKAD=NRADX{N)

NFUSOR=NFURX{NJ

AMIN=AMINL{XMINy; XFUS{1,N))
XMAR=AMAKL{ XMAXy XFUSINFUSGRyN) )
DO 400 NN=1,NFUSGOR

IF (J2TEST.EWe3) GU TG 440
YMAX=AMAXL{YMAX, FUSRADI{NN,N) )
YMIN=AMINL(YMIN, FUSRADINN,N))
LMAX=AMAXL{ZMAXy FUSKADINNsN) +ZFUS(NNyNI )
LMIN=AMINL (ZMINy~FUSRAD(NNyN)+LFUSINNyN)I
GU TU 460

KK=1#{N=-1) %2

DU 450 NR=1yNKRAD
YMIN=AMINLOYMIN SFUS(NRKy NNy KK))
YMAX=AMAXL{YMAXy SFUSTNR yNNyKK))
LMIN=AMINL(ZMINy SFUSINR ¢ NNy KK+1))
LMAX=AMAXL (ZMAXy SFUSINRK ¢ NNy KK+1))



460
470

480
490

coo

500

510
520

230

540

550
560

570
580

CONT INUE
CONT INUE

WwRITE LINE TAPE

JUN=23N1=1$NAME(1)=10HFUSELAGE $NAME(2)=10H
NUBJ=NUBJ+NFUS

DU 580 NFU=1,NFUS
NRAD=NRADX{NFU)

NFUSOR=NFORX (NFU)

WRITE (10) NLsJJUNyNAMEsNL1sNL
WRITE (10) NFUSURsNRAU)N1yN1ygNL
NAN=NRAD

IF (J2TEST.Ewe3) GO TO 490
FANG={NRAU—-1}%2
DELE=6.2831853/FANG

UO 430 N=1sNAN

E=N-1
ANSIN(NI=SINIE*VELE+4.7123891
ANCOS{N)=COS(E*DELE+4.712389)
CONT INUE

KK=1 +(NFU-1) *2

SETUP STREAMWISE LINES

DU 530 N=l,NAN

DU 520 NN=1yNFUSUR

ALRT (NN L)=XFUS{NN,NFU)

IF (J2TEST.EQ.3) GU TU 500

ALRT (NN92)=FUSKAD{NN NFU)*ANCGS(N)

ALRT (NN 3)=FUSRADINN yNFU)I*ANSIN(N)}+ZFUS{NN,NFU)
GU TO 510 '
ALRT INN22)=SFUSINys NN KK}
ALRTUNN»3)=5FUS{NsNNKK+1)

CONT INUE :

CONT INUE

NRITE (10) ((ALRT(NyN3)N=1yNFUSUR))N3=1,3)
CONTINUE

SETUP LINES AKOUND 8GC0Y

DU 570 N=1yNFUSUR

DO 560 NN=1,NAN

ALRT {NNs L)=XFUS(NyNFU)

IF (J2TEST.EQe3) GU TU 540

ALRT INN22)=FUSRAUIN; NFUJ}*ANCOS(NN)

ALRT (NNy3)=FUSKADINyNFU)XANSININN)+ZFUS {NyNFU)
GO TO 550 '

ALRT INN2)=SFUSINNyNyKK)

ALRT (NNg 3} =SFUS(NN N, KK+1)

CUNT INUE

CUNT INUE

WRITE (10) ({ALRTINsN3) yN=LyNAN)yN3=1,3)
CONT I NUE

CONT INUE

NACELLES

19



540

600

610
620

630

640

650
660

670

20

CUONT INUE

IF (JU3.NE.l) GO TO 730

N=NPUDOR

NREC=(N+9) /10

DU 620 NN=1yNP

READ (5410) ABCOD

WRITE (6,20) ABCD

VECUDE (21+430+4B8CD) (PUDORGINNyI)sI=1,3)
I1=-9

12=0

DU 600 NL=1,NREC

READ (5,10) ABCO

WRITE (6,20) AbCOD

[1=11+10

12=12+10

DECODE (70,30,ABCD) (XPOD(NNg L)y I=11,12)
CUNT INUE

Ii=—-9

[2=0

DO 610 NL=1,NREC

READ (5,10) A3(D

WRITE (6420) ABCD

[l=11+10

12=12+10

DECUUE (70+30,ABCD) (PUDGROINNyIL)yI=11,12}
CUNT INUE

CUNT INUE

COMPUTE ACTUAL XyMINIMUM,MAXIMUM

DO 630 N=L1,NP

DU 630 NN=1,NPUDOR
XPUDLINyNNI=XPUUIN)NN)+PUDORGINy 1)

IF (JleNEeOoOReJ2.NE-O) GG TO 640
XMIN=XPOUL(Llel)

XMAX=XPUDL (1 s NPUDUR)
YMIN=PODURG(Ly2 ) +PODORD(1,s1)
YMAX=PODUGRG{ 1+2) #PGDGRD(1,41)
LMIN=PUDORG( Ly 3)~PUOGRD(Ly1)

IMAX=PUODURG( 193)+PODORD(141)

DU 660 N=1,NP

XMIN=AMINL{XMIN, XPUDL(N, 1))
XMAX=AMAXL{XMAX, XPUDL (N, NPGDORI)

D0 650 NN=1,NPGDOR

YMIN=AMINL (YMIN, PUDORD(NyNN)}+PODORGIN,21))
YMAX=AMAXL{YMAXy, PODORDIN ¢NN) +PODCORGIN,2 ))
IMIN=AMINL(ZMIN, PODURGIN,3)~PBDURDINsNN))
IMAX=AMAXL (ZMAX, PODORGIN,3)+PODORD{N,NN))
CONT INUE

DATA NAN2/4/,PIPL/4.712389/

NANG L=NAN2+1

NANG2=2%NANZ+1

FANG=NANZ%* 2

DELE=06.2831853/FANG

DO 670 N=1sNANG2

E=iN-1

EE=E*DELE

ANSINENI=SINCEE+PIPL)

ANCOS (N)=COS (EE+PIPL)



WRITE LINE TAPE

[a NN

JIN=3HNAME (1 )=10HPADS $NAMELZ2)=10H
NUBJ=NUBJ+NP

DU 720 NPL=1,NP

=2

1F (PODURGINPL,2).EQ.D.) 1I=1

WRITE (10) LeJdJUNsNAMEsL 1

DU 720 I=1,2

WRITE (LU) NPODORyNANGLsLsisd

SETUP STREAMWISE LINES

OO

DU 690 K=14¢NANGL
NN={ 1=1)*NAN2+K
LU 680 N=1,NPUDUR
ALRTINyL}=XPOU(NPL,N)+PUDCRGINPLly 1)
ALRT (N2 )=POUURDINPLyN)*ANCUSINN) +PCODORGINPL,2)
ALKT{N»3)=PUODURD {NPL,N) *ANSININN)+PUDORGINPL, 3)
080 CONT INUE
wRITE (10) ((ALRTUINsN3) yN=1oNPUDGRI} s N3=1,43)
630 CONT INUE

C SETUP LINES ARUUND PODS

DU 710 N=1,NPGDUR
DU 700 K=1yNANGL
NN=( I-1)*NANZ2+K
ALRT(KyL)=XPODUNPLyN)+PGOGRLINPL L)
ALRT{K¢2)=PUDURDINPL»N) *ANCUSINN)+PODORGINPL2)
ALRT(K93)=PODORUINPL ¢N) *ANSININN) +PODORG(NPL 3]}
700 CUNT INUE
WRITE (10) ((ALKT(Ky)N3) ¢K=14NANGL) yN3=1,3)
710 CUNTINUE
720 CUNT INUE

C FINS

730 CONT INUE

LF (J4.NE.1) GO TO 890

N=NF I NOR

DO 740 Ni=1,NF

READ (5,10) ABCUL

ARITE (6,20) ABCO

DECUDE (56+300ABCLD) ((FINGRGINNsIL»J)yd=lesd,1=1,2)

READ (5,10) ABCL

WRITE 16,20) AbBCD

DECUDE (10930+A8CD) (XFIN(NNsILI)yI=1yN)

READ (5,10) ABLD

WRITE (6,20) ABCD

DECODE (70,30,ABCD) (FINORD(NNyLyJd) yJd=1yNJ
740 . CUNTINUE

C CHANGE TO ACTUAL UNIT®Sy CUMPUTE MINIMUMS AND MAXIMUMS



750
160

170

7180

190

800
810

22

DU 760 LQ=1sNF

00 700 I=1,2

J=3~-1
E=.01%FINURG{LEsJr4)
E2=FINURG{LAsJr2)

DO 750 K=1,NFINUR
EE=FINORD({LQs]l o K)*E
FINORDILQ»JsKI=E2+EE
FINX2(LQyJsK}=E2-EE
FINX3(LQeJsK)=FINORGILQJy L)+EXXFIN(LQsK)
CONT INUE

IF (JleNEaUeUOReJ2eNEeUaUOReJ3INEC) GO TO 770
XMIN=FINORG{1ly1,1)
XMAX=FINORG(1lyl,y.1)
YMIN=FINORG(1y1,2)
YMAX=FINGRG(1,y,1y2)
LMIN=FINURG(l+1,3)
LMAX=FINORG{ 1,41, 3)

D0 780 N=1,4NF

LMIN=AMINL{ZMIN, FINURG{Ns193))
LMAX=AMAXL (ZMAX, FINORG(N 2930}

U0 780 N2=1,2

XMIN=AMINL(XMIN, FINCRG(NsN2,1))
XMAX=AMAXL (XMAX, FINX3{NyN2yNFINUGRJ})
DO 780 NN=L1sNFINOR
YMIN=AMINL(YMIN,FINXZ2(NsNZ2yNNI )
YMAX=AMAX1{YMAX ) FINOKO(NyN2yNN))
CUNT INUE

WRITE LINE TAPE

JUN=4SNAMELL )=10HFINS $NAME(2)=10H
NUBJ=NUBJ+NF

NK2=2

00 880 NFl=1NF

I=2

IF (FINURGINFlsly2)eEQ.De) 1=1
WRITE (10) I 4JUNINAMEsL, 1L

DU 070 NN2=142

ARITE (10) NFINURyNKZ2y14191
ii=1

[2=2

If (NN2.EQeLl) GU TU 790
Li=2%l2=1

CONT INUE

SETUP HURIZONTAL LINES

U0 810 N=1,NFINUR

ALRT AN L)=FINX3INFLlyI1yN)
ALRT(Ny3)=FINORG(NFls1143)
Ir (NNZ2.EW.2) GU TO 800
ALRT ({Ny2)=FINURD{NF1lsI1lsN)
GU TO 810
ALRT{Ny2)=FINX2INFLlyL1lsN)
CONT INUE



WRITE (10) (CALRTINgN3) yN=1L,NFINORIsN3=1,3)
DU 830 N=1,NFINJR
ALRT{Ng L)=FINX3(INFLy I2,N)
ALRTIN)3)=FINURGINF1l,12, 3}
If (NN2.tw.2) GU TO 820
ALRT (N 2)=FINORD(NF1y 124N}
GO TO 830
820 ALKTIN 2)=FINX2(NFLls12+N)
830 CONT INUE
WRITE (10) ((ALRT(NsN3) yN=1,NEINOR}yN3=143)}

SETUP VERTICAL LINES

[eNaN gl

DU 860 NiN=1,NFINUR
ALRT (Lo LI=FINX3(NF1lsI1lsNN)
ALRT(291)=FINX3(NFLyI2sNN)
ALRT(143)=FINORGINFLls1143)
ALRT(293)=FINOKG(NF1l,1243)
IF (NN2.EQs2) GU TU 840
ALRT (L2 )=FINOGRO(NFLs I1sNN)
ALRT(2+2)=FINURDINFLs12+sNN)
G0 TO 850

8540 ALRTUL2)=FINX2INFLlyL1sNN)
ALRT{2,2)=FINX2(NF1ly12yNN)

850 WKITE (10) C(CALRT(N,N3) oN=1,2)sN3=1,3)

860 CONTINUE

870 CONT INUE

880 CUNTINUE

C CANARDS

890  CUNTINUE
IF (J5.NE.L) GU TO 1080
N=LABS{NCANGR) '
DO 920 NN=1,NCAN
READ (5+10) AsCD
WRITE {6+20) ABCD
UECUDE (56530sA8CD) ((CANORGINNy L Jd)sd=lréedyi=1,2)
READ (5,10) ABCD
WKRITE (6,20) ABCD
DECUUE (705304A8C0) (XCAN(NNyL)oI=1,4N)
READ (5,410) ABCD
WRITE (6,420) ABCO
DECUDE (70+30,A8CD) (CANORO(NNslad) eJd=1yN)
IF (NCANUR.LT.0) GU TU 910
DO 900 J=1,4N
900 CANURLINNg 1y JISCANGRU(NN91yJ)
GO TO 920
910 READ (54100 ABCD
WRITE (6,20) ABCD
UECUDE (70930,A8CD) (CANGRLINNyLyJdY»Jd=1)Nd
920 CONT INUE
NCANGR=IABS { NCANGR )
NC=NCANGR

o

CHANGE TO ACTUAL UNITS, CGMPUTE MINLMUMS- AND MAXIMUMS

23



930
940
950

960

970
930
990

[aN aN gl

1000
1010

1020

24

D0 950 NN=1¢NCAN

DU 940 K=1,2

[=3-K

E=«01*CANURG(NN,y 194)

E3=CANORGINNsI,3)

DU 930 J=1,NCANDR
CANURDINN, I3 J)=E*CANORUD(NNyl,J)+E3
CANURL (NNy I :J)=—E*CANURLINNy 1yJ)+E3
CANORXINN [ 9 JI=CANOKGINNy I 41 ) +EXXCANINN,J).
CUNT INUE

CONT INUE

IF (JLleNEeQeUReJ2NEeDeUReJI3eNE«O.ORsJ4«NELDO) GO TO $60
XMIN=CANGRX(1ys1i4 1)

XMAX=CANORX{1ly1ly NCANUR)
YMIN=CANORG{1,242)

YMAX=CANURG(1+2,2)

IMIN=CANURL1(Ll,1,1)

LMAX=CANUKD(L1ly1,1)

DO 990 NCA=1,NCAN

YMIN=AMINL(YMIN, CANORGINCAy1,+2))
YMAX=AMAXL (YMAX, CANGRGINCA,2,2))

DU 980 nN2=1,42

XMIN=AMINL(XMIN, CANGRX{NCAyN2y1))
AMAX= AHAXI(KMAX)LANUKX(NCAQNZ:NCANOK))
DO 970 NN=1,NCANOK

LMIN=AMINL{ZMIN, CANCRL{NCAsN2,NN))
LMAX=AMAX]1 { LMAX, CANOCRDINCAyNZ2yNNI)
CONT INUE

CONT INUE

WRITE LINE TAPE

JUN=53SNAME(1)=10HCANARDS $NAME(2)=10H
NOBJ=NOBJ+NCAN

NK2=2

DO 1070 NCA=1,NCAN

WRITE (L0) NK29sJJINyNAME ¢ NK2yNK2

00 1060 1=1,2

WRITE (L0) NKZ2/NCyNK2¢NK2yNK2
KKK={1-1)*{(NC+1)

KK={—=L)*x{+1)

SETUP SPANWISE LINES

DO 1020 K=1yNC

NN=KKK+KK*K

DU 1010 NZ=1,2

ALRT (N2y L)=CANURX{NCAyN2sNN)
ALRT{NZ242)=CANORGINCAyNZy2)
IfF (1.EQ.2) GU TO 1000

ALRT (N2 y3)=CANORD(NCA s N2 sNNJ
GU TO 1010
ALRT(NZ93)=CANUORLINCAs N2y NN)
CONT INUE

WRITE (10) ((ALRTINZ2yN3)yN2=1+42)4N3=1,3)
CGONT INUE



coo

1030
1040

1050
1060
1070
1080

SETUP TwWU STREAMWISE LINES

DU 1050 N2=1,2

00 1040 N=1lsNC

JEKKK+KK*N

ALRT ANy 1)=CANORK{NCAINZyJ)
ALRT(N»2)=CANORG (NCA N2 y2)
IF (I1.EQ.2) GU TO 1030
ALRT(Ny3)=CANURD (NCA N2y J)
GO TO 1040

ALRT (Ns3)=CANURL(NCAsNZ»J)
CUNTINUE

WRITE (10) ((ALRTUNyN3)sN=L14NC)yN3=1,3)
CUNT INUE

CONT INUE

CONT INUE

CONT INUE

RETURN

END UF START

END

25



Program SURF

Program SURF (overlay (2,0)) is the control program for constructing surface patch
equations. The flow chart and the FORTRAN statements for this overlay are as follows:

Overlay (2,0)
Program SURP

min. and max.
values on
unit 7

te
rol
ers
on unit -

Compute
patches

and store

RETURN

UVERLAY(CBC+2,0)
PRGGRAM SUKRF

CALLS A SUBRUUTINE TG CCMPUTE PATCHES
ANU CUNTRULS WRITINuw CGF PATCH TAPE

[N SN el o

COMMON/ZPATPLT/
LXMINg XMAX) YMINy YMAX 9 ZMIN g LMAX oNUBJ
DIMENSIUN ABC(3)
REWIND 7
REWIND 10
READ (10) ABC
CALL RECUUT (742+90+ABCsly8s1)
CALL RECUUT (TolyO9sXMINyXMAX ) YMIN)YMAX o ZMINy LMAXyNOBJ)
BU 20 1=1,NU0BJ
READ (10) NSURF9J29d39d4rddedb
CALL RECUUT {791 90sNSURF9JZ2yd39didsdb,ydb)
DU 10 N=1,NSURF
READ (10) NCUOLsNROWyN3yN4 NS
CALL PACH (NCUL yNROWsN3yN49yN5)
10 CONT INUE
20 CONT INUE
END FILE 7
RETURN
END

26



Subroutine PACH

Subroutine PACH computes surface patch equations from the given grid information
describing a surface. The patch equations are stored for further use. The flow chart
and the FORTRAN statements for this subroutine are as follows:

' Subroutine PACH )

Write
surface ID.
and integers
on unit 7

Coincident
points

Compute

and store
Compute and lineat
store spline slopes

slopes

lines from
unit 10

Write patch
equations on
unit 7

Coincident Pre and post

points multiply patch
equation b:
Mand M
Compute Call Store
and store SPPIT elements of
linear ~—Compute and patgh
slopes store spline . equation

[ slopes Afgx




[aNaNaN el al

[l o

[N ¢

50

60
70

28

SUBRUUTINE PACH (NLDsNLSyLLlyL2,L3)

CONSTRUCTS SURFACE PATCHES WITH THE COMPOUNENTS
EXPRESSED AS CuBIC FUNCTIONS GF TwWO PARAMETERS (U AND Wi
AND WRITES ON TAPE

DIMENSIUON PATCHU49493)2COEFL(3194+3)9COEFZ(31v4y3)

DIMENSIUN SLOPE(3L93193) s AMATI494)sALINELS3L193)yELEN(3L)PAT(4,44)
DATA (XMAT{I)ygl=1910)72c91=3e10ctler—2¢93c0-0e10ay
11-9‘2-!1.'0.9l.p-l.yOoQOo/

DATA MAXN/31/74,EPS/.0G0001/

N1l=NLD-1

N2=NLS-1

CALL RECUUT (74190 eNLeNZoL 1ol 2oL 3)

COMPUTE PARAMETRIC SLGPES IN W UIKECTION

DU 70 N=LsNLS
READ (10) ((ALINE(NNsN3)sNN=1,NLD))N3=1,3)

CAECK IF CUBIC FAIRING PGSSIBLE
IF (NLV.LT.3) GO TO 20
CHECK FUR A PUINT

NL=NLO~1

DG 10 NN=Ll,nNL
E1=ABSUALINE (NNs L)—ALINECNN+L41))
E2=ABS{ALINELNNy 2)—ALINE{NN#1,2))
E3=ABSUALINEINN,3)-ALINEINN+L,3))
IF (EL+E2+E3.LE.EPS) GU TO 20
CGNT INUE

GG TG0 40

COMPUTE LINEAR SLUPES

DU 30 NN=1,NLD

DU 30 N3=l,3
SLOPE(NNyN¢N3)=ALINEL2yN3)~ALINELL1yN3)
CUNT INUE

60 10 70

LOMPUTE CUBIC SPLINE SLOPES

CALL SPFIT (MAXNJNLD)ALINEJELENyCOEF1lyIL1904+12+EKsCPy13414)
NL=NLD-1

DO 50 NN=1lsNL

DU 50 N3=1+3

SLOPELNN,NyN3)=COEFL(NNy3,N3)

CONT INUE

DO 60 N3=1,3

SLOPE(NLOsNIN3)=3.%COcHFLINLO=Ly 1 ¢N3)#+2.%COEFL1INLD-1,2¢N3)+COEFLINL

10-1¢34N3)
CONT INUE
CONT INUE



[aNaly

aco

o

100

G C O -

120
130

140

150

100

COMPUTE PARAMETRIC SLGPES IN U DIRECT4OUN
FORM PATCHES AND WRITE TAPE

REAC (L10) ((ALINE(NN N3 ) oNN=L¢NLS) yN3=1,3)
CHECK IF CUuBIC FAIKING POSSIBLE

IF INLS.LT.3) GO TO 99
CHECK FOR A POUINT

NL=NLS-1

D0 80 NN=1sNL
El= ABS(ALIN:(NN.l)-ALlNc(NN#L:l))

 E2=ABS(ALINE(NN,2)-ALINE(NN*1,2))

E3=ABS(ALINE(NN, 3)—ALINE(NN+1,3))
[F (EL+E2+E3.LE.EPS) GO TG 90
CONT INUE

GU Tu 110

CUMPUTE LINEAR SLUPES

DO 10U NN=1sNLS

V0 100 N3=1,3
COEFLINNs3yN3)=ALINE(ZyN3)-ALINE(L)N3)
CUEFLINNy4sN3)=ALINE(NN,N3)

CONT INUE '

G0 TO 130

CUNT INUE

COMPUTE CuUBIC SPLINE SLGPES

CALL SPFIT (MAXN NLS9sALINEJELENJCOEFLyKL1s09K2sEPyCPyK3 K4}

DU L20 N3=1,3

COEFLINLSy3sN3)=3.%COEFLINLS~LyLlsN3)42.%COEFLINLS—1,2,N3)+COEFLINL

15-1s3sN3)

COEFLINLS s49sN3)=COEFL{NLS~1y1¢N3)+COEFLINLS~192yN3)+COEFLINLS—1+3,

LN3)+COEF LINLS=1y4sN3)

CUNT INUE

CUNT INUE

DJ 290 N=2,NLD

READ (10) ((ALINE(NN,N3)yNN=LyNLS)sN3=1,3)
IF (NLS.LT.3) Gu TU 150

NL=NLS-1

DU 140 NN=1yNL

E1=ABS(ALINE(NN, 1)=ALINE(NN+1,1))
E2=ABS(ALINE(NNs 2)—ALINE(NN+1,2))
E3=ABS (ALINE (NNy 3)=ALINE (NN+1,3))

IF (EL+E2+E3.LE.EPS) GO TO 150

CONT INUE

GO TU 170

DU 160 NN=1,NLS

DO 160 N3=1,3

CUEF2(NNy3 N3)=ALINEL2yN3)=ALINE(1oN3)
CUEF2(NNs4N3)=ALINE(NN,N3)

CUNT INUE

6U TO 190
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170 CALL SPFIT (MAXNyNLSyALINE,ELENyCOEF2+K1909K24EP+yCPyK3,K4)
DO 180 N3=1,3
COEF2(NLSy39N3)=3.*%COEF2{NLS~1y1oN3)#2.%COEF2(NLS-192yN3)+COEF2(NL

1S-1434N3)
COEF2(NLS249N3)=CUEF2INLS~1yLyN3)+COEFZ(NLS-192yN3)+COEFZ2(NLS—1,3,
IN3)+COEF2{(NLS-1949N3)

180 CONTINUE

C

C STORE PATCHES

C

190 DU 270 L=24NLS
DO 210 iN3=1,3
DU 200 M=1,2
MM=MOD (M, 2)
LL=L—MM
PATCHIM,LyN31=COEFL{LL4sN3)
PATCH(My2¢N3)=COEF2{LLs44N3}
PATCH(My394N3)=SLUPEIN=L14LLN3)
PATCHIMy49N3)=SLOPE(N,LLsN3)
PATCH(M#2414N3)=COEFL(LLs3,N3)
PATCH(M#224N3)=C0EF2(LL+34N3)
PATCHIM+2,34N3)=0.
PATCH{M#2+,49N3)=0.

200 CONT INVUE

210 CONT INUE

C COMPUTE PATCH IN FORM CF S=MBMITRANSPOSE) AND WRITE ON TAPE

LU 260 N3=1,3

DO 230 14=1,4

DO 230 Ja=1l+4

SUM=0.

DO 220 K4=ly4
220 SUM=SUM+XMAT L[4, K4 ) ¥PATCE (K49 J4sN3)
230 PAT(14+44)=5UM

DU 250 14=1+4

DO 250 J4=l+4

SuUM=G0.

DU 240 K4=1,4
240 SUM=SUM+PAT(14,K4) *XMAT (J4 K4}
250 PATCH(14,J4yN3)=5UM
260 CUNT INUE

CALL RECUUT {T7+2+0+PATCHy1448,41)
270 CGNT INUE

C MUVE COEFFICIENTS

DU 28U N3=1,3

DU 280 N4=1,4

DU 280 NN=LsNLS

COEFLINNgN4yN3)=COEF2(NNyNasN3)
2480 CUNTINUE
290 CONT INUE

RETURN

END
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Subroutine SPFIT

Subroutine SPFIT uses a parametric cubic spline curve fit technique with optional
enrichment of the given input curve. The method is explained in appendix A. The
description, flow chart, and the FORTRAN statements for this subroutine are as follows:

Language: FORTRAN

Purpose: SPFIT is a parametric cubic spline curve fit subroutine. Parametric coeffi-
cients are computed to approximate a cubic spline curve through a three-dimensional
set of input points describing a curve, and, optionally an enriched curve is computed.

Use: CALL SPFIT (MAXN, N, PNT, ELEN, COEF, NFIT, MAXSP, II, EPS, CPT, K1, K2)

MAXN The maximum number of input points allowed as stated in the
dimension statement of the calling program.

N The number of input points; 4 = N = MAXN.

PNT A two-dimensional array of the consecutive points describing the
three-dimensional (X,Y,Z) input curve.

ELEN A one-dimensional array used by the subroutine for the chord lengths
between each consecutive pair of input points.

COEF A three-dimensional array used by the subroutine for the parametric
cubic spline coefficients.

NFIT A number of interpolated points to be computed between each pair of
given points as specified by the user.

MAXSP The maximum number of points allowed in the enriched curve as
stated in the dimension statement of the calling program. I
MAXSP is 0, only the cubic spline coefficients are computed and
the calculation of the enriched curve is omitted.

81 The total number of points in the enriched curve calculated by the
subroutine.
EPS A small number supplied by the user which is used to check the sec-

ond derivative at each point of the faired curve. The point will be
omitted if the absolute value of the second derivative is less than
EPS. An EPS of 0.0 will cause all the interpolated points to be.
retained.

CPT A two-dimensional array used by the program for storage of the
enriched curve.
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K1 An integer supplied by the user. If Kl=1, retain all the input points.
If Kl1=2, include input points in second derivative test.

K2 An integer supplied by SPFIT as an error code. If K2=1, normal
return. If K2=2, error return when the number of interpolated
points exceeds the allowable storage (MAXSP).

Restrictions: SPFIT has been written with a variable dimension statement, and the
following must be dimensioned in the calling program: PNT(MAXN,3), ELEN(MAXN),
COEF(MAXN,4,3), CPT(MAXSP,3). If the coefficient-only option is used (MAXSP=0),
dummy entries for NFIT, II, EPS, CPT, K1, and K2 must be included in the calling
sequence. The input curve must not include any consecutive duplicate points.

Subroutine
SPFIT

A

Compute
chord
lengths
for each
nt

Setup
coefficient
matrix

Solve
tridiagonal
fratrix for
slopes

Compute parametric
cubic spline

coefficients for
each segment

¥

Normalize
coefficients

Compute
enriched
curve

RETURN
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SUBRUUTINE SPFIT (MAXNsNyPNT gELENyCOEF,NFIT,MAXSPyI1,EPS,yCPT oKL K2
1)

COMPUTES PARAMETRIC CuBIC SPLINE CUEFFICIENTS TU
APPROXIMATE A SMUOTH CURVE THROUGH A 30D SET UF INPUT
POINTS AND OPTIUNALLY COMPUTES AN ENRLCHED CURVE
MAXN IS THE MAXIMUM NUMBER GF INPUT POINTS ALLOWED
N IS THE ACTUAL NO. GF INPUT PUINTS
NFIT IS THE NUMBEK OF UESIREU SPLINED PUINTS BETWEEN GIVEN
PUINTS
MAXSP 1S THE MAXIMUM NUMBER OF SPLINED PUGINTS ALLOWED,
MAXSP={MAXN-L)* (MAXyNFIT+1)+1 FOR EPS OF 0.
MAKSP=0 UMITS COMPUTATIUN OF ENRICHED CURVE
Il IS THE WNO. UF POINTS IN THE ENRICHED CURVE
K1 1S AN INTEGER SUPPLIED BY THE USER
Ki=1,RETAIN ALL INPUT PUINTS
Kl=2, INCLUDE INPUT POINTS IN SECOND DERIVATIVE TEST
K2 IS5 AN LINTEGER SUPPLIED BY SPFIT AS AN ERRUOR CODE
K2=1,NURMAL RETURN
K2=2y INCUMPLETE FAIRED CURVE WHEN MAXSP IS EXCcEDED

PROGRAMER - CHARLUTTE CRAIDON 2-1-71

DIMENSION PNT(MAXNs3) yELENIMAXN) yCOEF (MAXN¢493)yCPT(MAXSP,3)
DISTUXLoYL9Zd19X21Y2922)=SQRT{UIX2-X1)**24(Y2-Y1)*#2+(L2-L1)*%*2)
Nl=N-1

CUMPUTE CHURD LENGTHS

DU 10 NN=2,N .
ELENUNN=L)I=OISTIPNTINN=L91) o PNTINN=192) +PNTINN=153)¢PNT(NNyL1} ,PNT(
LNNg2) +PNTINN3))

CONT INUE

SEFUP CUEFFICIENT MATRIX WITH UNCLAMPED END POINTS
{2NDU DeEk=0Ue. AT Pl AND PN)

COEF(lslyii=0.
COEF(1ls142)=2.
COEF(Lsle3)=1.
CUEF(iNyl,1)=1.
COEF(Nsls2)=2.
CUOEF(Ny193)=0.

DO 20 NN=Z,Nl

COEF (NNyly L) =ELENINN)
CUOEF(NNyls2)=2.%{ELENINN-1}+ELEN(NN)}
COEF(NNy»Lly3)=ELENI(NN-1)
CUNT INUE

SOLVE FUR SLOUPES

DO 60 1=1,3 v
COEF{Ls491)=(3a/ELENLLII®(PNTI241)-PNT(1,1))

CUEF{N 4 L)={3/ELENIN=1})I*(PNT Ny I)=PNTIN-1,1))

DO 30 NN=24N1
CUEF(NNs4y1)={3./{ELENINN-L)®ELENINN) }IX(ELENINN—L1)*% 2% (PNT (NN+1, [
LY-PNTINNyI)I+ELENINN)*%28(PNTINN¢I)—PNTINN=14+13))

CUNT INUE
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SOLYE TRIDIAGONAL MATRIX

CUEF(1+2+1)=CUEF(Ll41+3)/CCEF(1e1+2)
CUOEF{L193+1)=COEF(ls4+1)/CCEF(191,2)

DO 4Q K=24N

KMl=K~-1 ,
TEMP=COUEF(Ky192)—COEF(Ks 191 )*COEF(KML,241)

COEF (K929 1)=COEF(Ky1l¢3)/TENMP

CUEF(K 9391 0=(COEF(Ky 4yl )-CCEFUKy 191 )*COEF(KMLy341))/TEMP
CUNT INUE

DO 50 K=1yNl

KK=N—K

CUEF (KK 39 1)0=CUEF(KK 339 I)-CUEF(KK32531 ) *CUEF(KK#Ly3,41)
CUNT INUE

CONT INUE

COMPUTE CUBIC CUEFFICIENTS FOR EACH SEGMENT

DO 70 NN=isN1

EL=1+/ELENINN)

tL2=EL *EL

EL3=EL*ELZ

DU 70 I=1,3

COEFUNNg4y i) =PNTINN,I)

E=PNTUNN+L,1d=PNT{NN, 1)
Ldtb(NN.zyL)~c*EL2*5.—tL*(2.*COEF(NNo3,I)*CDEF(N\+1'3.I))
COEF{NNyly [)=—E*EL3*%2.+EL2*(CUEF(NNs3,1)+COEFINN*+Ls3,1))

REFERENCE LENGTH TU 1.

CUEF(NNs 1, I)=COEF{NNs1lsI1)/EL3
CUEF {NNys 2, 1)=COEF(NNs2,L[)/ELZ
CUEF{NN»3y12=CUEF(NN,3, [)/EL
CUNT INUE

IF (MAXSP.EWQ.0) RETURN

IF (KleEW.0) K1l=1

I1=0

COMPUTE ENKICHED PUINTS

IFIT=NFIT+1

XFIT=1FIT

DELT=LJ/XFIT

DO 110 NN=1,N1

DU LOO NF=1,IFIT

E=iNF-1

T=DELT*t

[F (NN.EWel .ANUSNF.EQel) GG TO 80

IF (NFeEQeleANDeKl.EQel) GG TO 480
T6=64*T
EX=AB3(To*COEF(NNy Ly LI+2.¥COEF(NNs241))
EY=ABS{TOo*COEF(NNyLy2)+2.%COEF(NNy2,2))
EL=ABS{TOXCOEF(NNy Ly 3)+2.%CUEFINNy2,+3))
EE=(EX+EY+EZ)/ (cLENUNNI*ELEN(NN))

IF (EE.LTLEPS) GO TO 100



80

90

100
110

120

130

11=11¢+1

IF (1L.GT.MAXSP) GO TO 130
T2=T*T

T3=T=*T2

DG 90 I=1,3

CPT(ILsI)=T3%CUEF{NNyLy [)+T2%COEF(NN2,1)#T*COEF(NNy3,I1)+COEF(NN,4

1.0)

CONT INUE

CONT INUE

1I=11+¢1

IF (11.6T.MAXSP) GU TO 130
DO 120 I=1+3
CPTUII1)=PNT{N,L)
K2=1

RETURN

K2=2

RETURN

END
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Program ORTCON

Program ORTCON (overlay (3,0)) is the control routine for the orthographic projec-
tions of the input body. This program reads the plot information card and prints it, com-
putes scale factors, computes vertical offsets for three-view plots, and notates on the
plot. The flow chart and the FORTRAN statements for this overlay are as follows:

Overlay (3,0)
Program ORTCON

Read card
of 3D plot
lspecifications

No

Read
initial
information
from patch
tape 7

Write EOF
on plot
tape

Compute Set origin Call
scale factoq for next OTHPLT
from max.

lot
dimension e Controls
3D plots

Notate

identifica-
tion
on plot
Compute Compute Truncate
origin for origin and minimums to
notation spec. for koincide wi
and notate front view grid lines

Compute
origin and
spec. for

plan view

Controls
3D plots

Call Compute
OTHPLT origin and
spec; for
Controls
\ 3D plots / side view
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OVERLAY(CBL»3,0)
PRUGRAM URTLUN

CONTRUL RUUTINE FOR CRTHOGRAPHIC PLOTS
UF A SURFACLE UR OF A COLLECTICN UF SURFACES

COMMCN /TRREED/ABCDE(B) ¢ RORZyVERT oTEST 1 yPHI, THETA,PSI,
LPLUTSZyTYPE oy NSUNOW ISIuEKGUE

OIMENS1ON ORG(3),ABC(B)
UATA TYPEU/3HURT/A,TYPEV/3EVU3/

REAU PLUT CARD

WRITE (6,10}

FURMAT (LHL126X¢27HTHREE DIMENSIONAL PLOT DATA//)
CUONT INUE

READ (5,30) ABCUE

FURMAT (8A10)

IF LENOFILE 3) 35,40

CALL NFRAME $ CALL CALPLT(0.90.9999) $ STOP
WRITE (64+50) ABCOE

FORMAT (LXy8AL0/) v
DECUDE (T2+60,ABCDE) HORZGWVERTHTESTLePHIZTHETAPSLPLOTSL,TYPE,NUU
1L yNUn, ISIDEYKUDE

FURMAT (2A291A393F5.04254:F5.0+A34313,7X911)

[F (ISIDE.EQ.O) ISIDE=1

REAU PATCH TAPE

REWIND 7

CALL RECIN (742,1C,ABCyL1s8y91)

1F {ENDFILE 7) 70,90

WRITE (6,80)

FURMAT (LlHL1/33H END OF FILE ENCOUNTERED ON PATCH TAPE)
STUP

CONT INUE

CALL RECIN (TolsIC s XMINg XMAX o YMINyYMAX 9 LMINy ZMAX oNOBJ)
IF (ISIDE«EQ.2) YMIN=-YMAX

FINUD SCALE FACTUR FRCM MAXIMUM DIMENSIOUN

XUIS=XMAX=XMIN
YOIS=YMAX-YMIN
IDIS=LMAX-LMIN
OMAX=AMAXLEXDIS,YDIS+4DIS)
SCALE=DMAX/PLUTS L

IF (TYPELNE.TYPEV) GO TO 140

3VU WHERE VIEWS ARE STACKED VERTICALLY
URG( 1) =PHI
ORG{2)=THETA
ORG(3)=Ps1
PHI=THETA=PS1=0.
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Y8I6G=0RGI(1)
YURG=FLOAT(IFIX(YMAX/SCALE) ) +URG( 1)
IF (YBIG.6T.ORG(2)) GG TG 100
YBIG=0RG(2)
YURG=FLUAT(IFLIX(ZMAX/SCALE) ) +0RG(2)
100 IF (YBIG.GTLUORG(3)) GO TO 110
YBIG=0RG(3)
YORG=FLUAT (I FIX(ZMAX/SCALE) )} +0RG(3)
110 CALL CALPLT (04sYURGs=3)

C NUTATE UN 3VIEW PLOTS

NCHAR=IFIX{06.%PLUTSZ)
IF (NCHAR.GT.30) GO T0 120

X=0.
GU Tu 130
120G CONT INUE

NOIF={NCHAR-80)/2

X=FLOAT(NDIF) /0.

NCHAR=430

130 CALL NUOTATE (X90erel9ABCyCeyNCHAR)

YSAV=YMIN

AMIN=YMIN=LMIN=0.

HORZ=1HXS$VERT=1HY

YURG=URG(1)-YURG-1

CALL CALPLT (QerYURG,-31)

CALL OTHPLT (XMINy XMAXy YMINy YMAX 9ZMIN»ZMAXyNOBJXMIDYMID,ZMID,SCA
LLE)

VERT=1HZ

YURG=URGt2)-0RG( 1)

CALL CALPLT [(U«9YORG,-3)

CALL UTHPLT (XMINs XMAXsYMIN)YMAX ) ZMINy ZMAX ¢ NUBJ 9 XMID s YMIDyZMIDSCA
1LE)

HORZL=LHY

YORG=0RG{3)-0UR0( 2)

YMIN=(FLUAT{IFIX{YSAV/SCALE)—-1))*SCALE

CALL CALPLT (0eyYORG,—3)

CALL UTHPLT (XMINyXMAKy YMIN)YMAX ¢ ZMIN9ZMAXNUBYy XMID,YMID,ZMID,SCA
LLE)

A=FLCAT(IFIX{PLUTSZ+6.1))

Y=1.-0RG(3)

Gu TU 160
140 CUNT INUE
C
C CENTER PLOT
C

XMIU=o S XMAX+XM IN)
YMID=o 5 {YMAX+YidIN)
(MU= 5% ( IMAX+IMIN)
XFIX=e 5% (DMAX-XVIS)
XMIN=XMIN=-XFIX
KMAX=AMAX+XFIX
YFEIX=5%{UMAX-YU LS
YMIN=YMIN=-YFiX
YMAX=YMAX+YFIX
LFIX=5%(DMAX-LDIS)
LMIN=ZMIN-LFIX
CMAX=LMAX+LFIX
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ADJUST MINIMUMS FOR GRID LINES

XMIN=FLOAT{IFIX(XMIN/SCALE)I*SCALE
YMIN=FLOAT (IFIX{YMIN/SCALE) )*SCALE
IMIN=FLOATCIFIX(ZMIN/SCALE) ) *#SCALE

NOTATE 10 ON PLOT

X=0.

NCHAR=IFIX{1l1l.*PLOTSZ)+3

IFf (NCHAR.LE.80) GO TO 150
NDIF={NCHAR-80)/2

X=FLOAT(NDIF)/1l.

NCHAR=80

CALL NOTATE (XyeBpelsABC 3Ce s NCHAR)
CALL NOTATE (X2+5241+ABCDE 0. ¢NCHAR)

ORTHOGRAPHILC

CALL OTHPLT (XMINgXMAXyYMIN,YMAX s ZMINy ZMAX ¢NOBJ» XMID»YMID»ZMID4SCA

1LE)
X=FLUATCLFIX{PLOTSL+2.))
¥Y=0.

END OF COMPLETE PLGT

CUNTINUE
CALL CALPLTI(X,Y,—3) $CALL NFRAME
IF (KOUE.Ewe0) 60 TU 20
RETURN
END UF GRTCUN

END
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the rotation matrix, and establishes the necessary offsets for proper plot placement.
flow chart and the FORTRAN statements for this subroutine are as follows:

coo0

eNaN gl
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Subroutine OTHPLT

Subroutine OTHPLT determines the specified axis system and paper plane, sets up

' Subroutine OTHPLT ’

Setup axis
hbnd rotation
matrix

Center

within 28
inches

vertically A

PLOTSZ
28. and not
VU3 option

Rotate
midpoint

( RETURN )
N

Computes
points to b
- lotted

Read
initial

for rotate:
iew offset

information
£from patch
tape

The

SUBRUUTINE OTHPLT (XMINgXMAXsYMINgYMAX,ZMiNy ZMAXyNOBJ 9 XMIDsYMID LM

LIDySCALE)

URTHUGRAPHIC

CUMMON/THREED/ ABCOE(8) y HGRLy VERT o TEST Ly PHI + THETALPSI

PROJECTICNS

LPLOTSZ,TYPE,NOUsNOW,y ISIDEyKUDE

DIMENSION A{Z93) +NAME(Z2)ABC(8)

DATA XSEE/2HX /2 YSEE/2HY /,ZSEE/2HL /)
LXINTST/3HOUT/sCUNV/ 4017453293/ 4NUM2/2/ ¢+ NAN2/ 24/

INITIALLZE

ITESTL=1
ITESTZ2=1

IF (XINTST.NELTESTL) 1TESTI=0

[F (PSleitWe0ee ANUSTHETACEQsOe cANDSPHICEQ.Q.)

PHI=CUONV*PHI
THETA=CUNV*THETA
PSI=CUNV*PSI

SETUP AXIS

I.TEST2=0
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- CONT INUE

SINPSI=SIN(PSI)
SINTHE=SIN(THETA)
SINPHI=SIN(PHI)
CUsSPSI=COS(PSI)
CUSTHE=CUS(THETA)
COSPHI=CUS{(PHI)

IF (XSEE.NE.HURZ) GU TGO 20

USE X FOR RURIZONTAL VARIABLE

[F (LTEST2.EQ.0) GU TO 10
A{l,1)=COSTHE*(CUSPSI
Ally2)=—SINPSI*CGSPHI+SINTHE*CUSPSI*SINPHI
A(ls3)=SINPSI*SINPHI+SINTHE*CUSPSI*COUSPHI
HMIN=XMIN

HMAX=XMAX

AMID=XMID

IHORZ=1

GU TU 60

IF (YSEENE.HURZ) GO TO 40

USE Y FUR HURIZONTAL VARIABLE
IF (ITEST2.EQ.0) GO TO 30

AllyL)=COSTHE*SINPSI |
AlLl,2)=COSPSI*CUOSPHI+SINTHE®SINPSI#SINPHI

“Ally3)=—COSPSI*SINPHI+SINTHE*SINPSI*COSPHI

HMIN=YMIN
HMAX=YMAX
HMLO=YMID
IHOR =2

Gu TO 60

|
e
1

USE £ FOR HURIZUNTAL VARIABLE
§ ) .

r !

PO Y

1fF (ITEST2.EQ.0) GU TU 50
A{l,1)=—SINTHE
Al{ly2)=CUSTHE*SINPHI
Al143)=COSTHE®*(CUSPHI
HMIN=LMIN

HMAX={MAX

HMID=ZMID

IHORZ=3

IF (XSEE.NE.VERT) GO TO 80

USE X FOR VERTICAL VARIABLE

IF (ITEST2.EQ.0) GO TG 70
AL2,1)=CUSTHE*CUSPSI
AL242)=—SINPSI*COSPHI#+SINTHE*COSPSI*SINPHL
A{2,3)=SINPSI*SINPHI+SINTHE*COSPSI*COSPHI
VMIN=XMIN

VMAX=XMAX

VMID=XMID

IVERT=1

Gu TO 140

IF (YSEE.NE.VERT) GO TO 100
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USE Y FUR VERTICAL VARIABLE

(el el ol

1F (ITESTZ.EQ.0) GO TO 90

Al2y 1)=COSTHE*SINPSI

Al2+2)=CUSPSL1*CUSPHI+SINTHE¥*SINPSI*SINPHI

Al(293)=—COSPSI*SINPHI+SINTHE*SINPSI*COSPHL
90 VMIN=YMIN

VMAX=YMAX

VMID=YMID

IVERT=2

GO TO 120

USE & FUR VERTICAL VARIABLE

- 00

00 CONT INUE
IF (ITESTZ.EWe0) GU TO 110
Al2y1)=-SINTHE
Al2+2)=COSTHE*SINPHI
A{293)=COSTHE®*CUSPHI

110 VMIN=ZMIN

VMAX={MAX
VMIu=ZMI10D
IVERT=3
120 CUONT INUE
("
C CENTER WITHIN PAGE SIZE IF SIZE GREATER THAN 28 INCHES
C
IF (PLUTSZeGTe20eeANUSTYPECNEL3HVU3) VMIN=-13.%SCALE+FLOAT(IFIX{VM
LIO/SCALE) ) *#SCALE
C
C RUTATE MIODPUINT TO PLACE ROTATED VIEW CGRRECTLY
C

IF (ITEST2.EW.0) GO TO 130
AMIDLI=A( Ly L) ¥XMID+ALL,2)%YMID+A(1,+3)%IMID
AMIU2=A(Zy L) ¥XMID+A(2,2)%¥YMIU+A(243)%LIMID
HMIN=HMIN-HMID+AMID1
VMIN=VMIN-VMID+AMIDZ

130 CONT INUE

C SEGIN PLOTTING

DO 160 ISI=1,1S10E
REWIND 7
CALL RECIN (742+41CsABCy1+8,1)
CALL RECIN (TelsICsHLyH29E3yH4 H5yHE, LT
DU 150 J=1,NJBJ
cAaLL RECIN (7oLl IC NSURF I3y NAMELL) ¢ NAMELZ )y Jayd5)
DU 140 N=LsNSURF '
CALL RECIN (7312 ICeNDLyNSLyu39J49J5)
CALL PLOTIT (NUlvN511[$lolTESTvlTESTI'ITE&TZ'[HURZ,IVERTvHMIN:VMIN
1ySCALE»A)
140 CUNT INUE
150 CUNT INUE
160 CONT INUE

RETURN
C
C END UF OTHPLT
C

END
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Subroutine PLOTIT

Subroutine PLOTIT reads patch equations from tape and rotates them, computes
enriched surfaces, and does a visibility test if desired. The flow chart and the FORTRAN
statements for this subroutine are as follows:

Store patch

' Subroutine PLOTIT ’

Change sign|
of patch
| Y component

normal vector
:0

Changé sign
of outward
vector

Compute
surface
normal

Plot line
of saved
points

v

Count,
compute and
store point

for plot

Y v

Plot line
of saved
points

C?ﬂ5°;§;§§ Rotation vector for
plane
Yes
Compute
rotated
patch
components
for paper plane
Select Select
0t<u=<l 0<usl
and compute
Pquations in
W T
Select Select
0<w=<1l 0s ws 1
- and comput
equations
in u
Hidden~
line test
Compute Plot lin
e
:::;:ie of saved
vector for points
the paper plan
; Yes |[Change sign
Mirror More
image of ou:uazd w's to
vector process
No
Plot line < Surface count,
of saved normal vector compute and
points : store point
for plot
z AN
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SUBKUUTINE PLOTIT (NDLyNSLyLSToITESToITESTLy LTEST2, IHURZ  IVERT 9HMI

LNy VMINySCALEsA)

REAUS PATCHES FROM TAPE,

MANIPULATES IN SPECIFIED MANNCK AND PLUTS

DIMERNSLON PATCHU 4941309 PATL44442)9A(2+3),PLPAT(4,2),

LPLINE(5442)
UIMCNSION VECL442),VPAT(4)

CUMMON/THREEU/ABCOE(8) y HGRZ ¢ VERT yTEST Ly PHI, THETA,PSI,

1PLUTSZ:TYP&:NOU1NUW.ISLDEoKUDE

NNU=NOU+Z

NNW=NUW+2

FU=NUU+1

FA=NUW+1

bU=1./Fu

Un=1l./FW

NPAT=NDL%NS1

DU 230 N=1,NPAT

CALL RECIN (7+2,1C+PATCHyLy48,1)
AF (1531.EWs1) GU TU 20

CHANGE Y SIGN

DU 10 I4=1,4

DO 10U Ja=1,4
PATCH{I41J4+2)=—PATCH(14,J4,2)
CUNT INUE

CUNT INUE

RUTATE PATCHES

IF (ITEST2.EW.l) GU TG 40

U0 30 14=1l4

DU 30 J4=1l.4

PATUI1%9J4¢ L)=PATCHI L4 +J%y [HGRZ)
PAT{1490442)=PATCH(1%+J4,IVERT)
CUNT INUE

6u TO 80

CUNT INUE

DO 70 I4=1,4

DO 70 J4=1,4

DO 60 K2=1,2

PAT{I4+d4+K2)=0.

DO 50 N3=1,3

PATUL149d49Ke )=PATL 14,44, K2)+AIK23N3)*PATCHL 14y Jd%yN3)

CUNT INUE
CONT INUE
CUNT INUE
CUNT INUE

PLOT IN W ODIRECTION
00 150 NU=1,NNU

EU=NU-1
U=EU*DU



90

o

100

oA

110

120

130
140

150
C
C
C

"160

DO 90 Ja=1+4
V0 90 K2=1,2
PLPATIJGsK2) =L (UXPAT( Ly JesK2)+PAT(2,J4sK2EIFXUFPAT(34J4,K2))I*U+PATL

1443J44K2)

VEC{ J%9R2) = (3. %UBPAT LI Ly Ja s K2V 42 ¥PAT(29J4 K2 ) ) *¥U+PAT(39J44K2)
CONT INUE

NIT=0

DO 140 Nw=1,NNW

EW=Nw—1

W=Ew*DHW

IF (ITESTl.EQ.D) GU TO 12C

COMPUTE DV/DU AND DV/Dw

DO 100 Jd=1+2
VPAT(J)=({WEVECI Ly J)#VEC(25J ) )ENHVEC(3,J))*WaVEC(44J)
VPAT(J#2)=( 3% PLPAT I Ly d ) ¥W+2.2PLPAT(294) )% W+PLPATI(3,J)
CUNT 1nNUE :
VNORM=VPAT(L)*VPATL4)-VPAT(2)%VPAT(3)

~-IfF 4ISI.EQel) VNURM=—VNORM

IF (VNURM.GE.O.) GO TO 120

I¥ (NIT.GTel) GU TO 110

NIT=0

GO TOU 149

PLINEINIT+1y L)=AAMINSPLINE(NIT+1,2)=VMIN
PLINE(NIT+241)=PLINE(NIT#242)=SCALE

CALL LINE (PLINEULsLIsPLINE(Ls2) #NIT941,0+0,0)
N1T=0

GU TO 140

NIT=NLT+1

DU 130 KZ=142

PLINEAINITyK2 )= I WEPLPAT (L oK2)+PLPAT(Z2,K2))*W+PLPAT(34K2)} ) *W+PLPAT{

14,K2)

CONT INUE

CUNT INUE

1F {(NIT.LE.Ll) GuU TO 150
PLINE(NIT+#1,1)=HMINSPLINE(NIT#+142)=VMIN
PLINE(NIT#291)=PLINE(NIT+£+2)=SCALE

CALL LINE (PLINECL9L)oPLINE(L92)4NIT+1+0+0,0)
CUNT.UNUE

PLOT IN U DIRECTIUN

DO 220 NW=L1,NNw

En=Na—1

W=EWXOW

DO 160 J4=1ls4

DO 160 K2=1y2

PLPAT(J4sK2)=( (WEPAT(J4 s Lo K2 I4PAT(J492+K2) 1 %W+PAT(J443,K2) V*xA+PAT(
1J4444K2) ’

VECIJ@sKZ)= (3. %usPAT(Je s LoK2)+2 %PATIJ4424K2)I*W+PAT(J493+K2)
CGNT INUE

NIT=0

DU 210 NU=1sNNU

EU=NU-1

U=EU*DU

IF (ITEST1.EQ.0) GO TO 190
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170

180

190

200
210

220
230
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COMPUTE DV/LU AND OV/DWw

DO 170 Jd=1+2
VPAT(J)I=(34%¥PLPAT (Lo J)*U+2.%PLPAT{2:J))%U+PLPAT(3,4)
VPAT(J+2)=((URVEC({ Ly J)I+VEC(2:J) ) BU+VEC(354))%UVEC(4+J)
CUNTINUE

VNORM=VPAT (1) %VPAT(4)-VPAT(2)%VPAT(3)

IF (ISI.EQel) VNCRM=—VNGCRM

If (VNORM.GE.O.) GO TO 190

IF (NITeoT.1l) Gu TO 180

NIT=0

eu TU 210

PLINE(NIT+1, L)=HMINSPLINEINIT+1,2)=VMIN

PLINE(NIT+Z, L)=PLINE(NIT#2,2)=SCALE

CALL LINE (PLINE(Ls1l)PLINEL{L92)+eNIT914043450)

NIT=0

GU TO 210

NIT=NLT+1

DO 200 K2=1,2

PLINEANIT K2 )I={(URPLPATILsK2)I+PLPAT(24K2))I*U+PLPATI35K2))XU+PLPATI(
144K2)

CUNT INUE

CUNTINUE

IF (NIT.LE.L) GU TO 220
PLINE(NIT+1y1)=HMINSPLINE(NIT#1,2)=VMIN
PLINE(NIT#2,1)=PLINE(NIT+2,2)=SCALE

CALL LINE (PLINE(Lo1)sPLINE(L¢2) +NITy1+0,0,40)
CONT I NUE

CUNT INUE

RETURN

END



Program XPLT

Program XPLT (overlay (4,0)) is the control routine for cross-section plots through
the input body. The program reads the plot information card and prints it and notates on
the plot. The flow chart and the FORTRAN statements for this overlay are as follows:

Overlay (4,0)
Program XPLT

Read card (s}
of cross-
section plot
specifications

Write EOF
on plot
tape

initial
information

atch
pe 7

Set origin]
for
next plot
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110
120
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140

150

160
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OVERLAY(CBCr490)
PROGRAM APLT:

CONTRUL PROUGRAM FUR CRGSS
SECTIUNAL UR CONTOUR PLOTS

CUMMUON/XSECT/ABCDE(BIPPLLI3)PPL2(3)4PPL3(3),
LPLGISZyHPAGE» VPAGE ¢ INP ¢ NCU ¢NUW, 1 SIDE, [PRINy
2KODE s XSTAT y THETR 9 XMACH

UIMENSIUN ABC(8),ABCL(8)

REAU PLUT CARD(S) ANU PRINT

WRITE (6,10)

FORMAT (1HLZ27Xy25HCR0OSS SECTIONAL PLOUT DATAZZ)

CONTINUE

READ (5,30) ABCuk

FORMAT (8Al10)

IF (ENDFILE 5) 35,40

CALL NFRAME $ CALL CALPLT(0.70.9999) $ STQP

CONT INUE

WRITE (6450) _

FORMAT (/26X 30H*x %k PLOT CARD(S) #%&kxk&%x//)

WRITE (64y6C) AbCDE

FURMAT (LXBA10)

DECUUE (B809700A0CUED XLoYLileX29Y29229X39Y¥34234PLOTSZWHPAGE ,VPAGE
1o INPyNOUsNOWe LICUT ISIUE ¢ IPRINYKUDE

FORMAT (10F6+092F3.09A3,2139129311)

IF {ICUT.EQ.D) GU TO 90U

READ (5,30) ABCO

WRITE (6,60) ABCD

DECUDE (21+y50,ABCD)} DXsDY,04¢IH

FURMAT (3F6.0,13)

CONT INUE

IFf (INP.EWe3HANG) GG TO 110

WRITE (691C0) X1ysYLl9l1l9pX29Y29229X394Y39234PLUTSZLyHPAGE, VPAGE
FORMAT (//713Xy13HCUTTING PLANE/6XylHXLLIXy1HYL1X9yLlHZ/3F1245/3F12.5/
L3F12e5//706X95HSCALETX y5HAPAGETXySHVPAGE/ Fl2.542F12.2)

Gu TU 130 '

WRITE (691200 X19Y19yZLl o X29Y2942,4PLOTSZyHPAGEVPAGE

FURMAT (//13XyL3HCUTTING PLANE/6X92HX010X3 2HYOL0Xy2HZO/3F12.5/6X,1
LHXL1X 9y OHTHETATX 9y 4HMACH/ 3FL1245//6 Xy SHSCALET Xy SHHPAGET7X ¢ SHVPAGE/F12.
2592F12e2)

CONT INUE

WRITE (6+140) NUUNOWy ICUTISIDE, IPRIN

FORMAT (6Xy28HNOU NOW ICUT LSIDE IPRIN/ZISI5,16,217)

IF {ISIDE.EQ.Q) ISIDE=1

IF (IPRINEQ.O) IPRIN=1

HSAV=HPAGESIF{IH EQ.Q)HPAGE=0.

NCUT=ICUT+1

IF (ICUT.NE.Q) GO TO 150

DX=0.3%0Y=0.%07L=0.

Gu TOU 200

ARITE (64160) LX,DY,4DZ

FORMAT (6X9Z2HDX10X2HDY10Xy2KEDL/3F12.5)

IF {IHeNE-OQO) GO TO 180

WRITE (6,170)

FORMAT (27H OVERLAID PLOTIS WITH IH = 0)

6U TO 200



180
190

200

210

230

240

250

260
270
280

290

oCo

330

ARITE (0,190) IH
FURMAT (24H SPACED PLOTS WITH IH = ,13)

LOUP FUK INCREMENTED CUTS

D0 350 N=lsNCUT

IF (N.EWsl) GU TG 290

IF ( INP.EWQ.3HPNT) GU TO 250

K2=X2+UXSY2=Y240Y$L2=12+01

CECUUE (109210,ABCDE(2) MTEMPL

FURMAT (A8)

DECOUE (10,220,ABCDE(4) JTEMP2

FORMAT {6XA4)

ENCUUE (4092305 ABCDEL2) MTEMPLIX2,)Y2y22,TEMP2

FORMAT (AB93F0.29A%)

WRITE (64240) A24Y¥2422

FURMAT (//71TXy254INCREMENTED CUTTING PLANE/Z6Xy LHX11 Xy SHTHETATX, 4HMA
LLH/3F1245)

G0 TO 290

XL=XL+DXsYL=YL40Y$L1=L41+D2

X2=K2+DXdY2=Y2+40Y$L2=12+D1

X3=X3+UXPY3=Y34+UY$L3=23+02

DECUDE (10,260,ABCOE(6) MTEMPL

FURMAT (4XAb)

ENCODE (0049270,ABCDELL) INLsYLeZloXZ29Y29L29X39Y3,23,TEMPL
FURMAT (9F6.24A0)

WRITE (64280) Kl7Y11117X21Y21120131Y3113

FORMAT (//726H INCREMENTEL CUTTING PLANE/Z6Xe LHX11 Xy 1HY 11X 1HZ/3F12,
15/3F12.5/3F 12451}

CONT INVE

PPLLILI=XL$PPLI(2)=YLSPPLLI3)=L1
PPLZLL)=X28PPL2(2)=Y2%PPL2(3)=L2
PPL3(L)I=X3SPPL3(2)=Y38PPLI(3)=L3

IF (N EQ.NCUT) HPAGE=HSAV

READ PATCH TAPE

REWIND 7

CALL RECIN (7+2+1CoABCr1lsBs1)

IF (ENUFILE 7) 300,320

WRITE (6,310)

FORMAT (LHL/38H END OF FILE ENCOUNTEKELU ON PATCH TAPE)
STUP

CONT INUE

NOTATE

X=0.
IF (HPAGE.EW.0.}) GO TO 330

NCHAR=IFIX(1lle*HPAGE)}+Z

IF (NCHAR.GT.80) NCHAR=80

CALL NUTATE {XeoB8pel s ABL ¢0er NCHAR)

IF (ICUT.NELO) CALL NOTATE (Xse69e19yABCDyOs 9 NCHAR)
CALL NOTATE. (Xye4rel ABCDE 0.9 NCHAR)

CONT INUE

Y=FLOATUIFIXl.5%VPAGE) )} +1.

CALL CALPLT {(XsY,-3)

IF ‘HPAGE.NE.O.’ CALL NUIATE (0.'0.'2.’3'0‘."1)
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50

340
350

CALL XCuUT

X=0.

Y==Y

CALL CALPLTY (0.+0.93)
CALL CALPLT (X,Ys—3)

IF (HPAGE.EQ.U.) GU TO 340
X=HPAGE+2.

Y=0.

CALL CALPLT (X9Y.9—3)
CALL NFRAME

CONT INUE

COGNT INUE

IF (KODE.EW.0) GU TO 20
RETURN

END UF XPLT

END



Subroutine XCUT

Subroutine XCUT sets up the transformation matrix and the origin of the plot

coordinate system for the cross-section plots. The flow chart and the FORTRAN state-

ments for this subroutine are as follows:

(N e

( Subroutine XCUT )

Compute
lequation of
the cutting
plane

Setup
transforma=-
tion matrix

Compute
origin of
plot coord.
system

Read
control
numbers from
patch tape

Find and plot
plane
intersections

‘ RETURN )

SUBRULUTINE XCUT
CRUSS SECTIGNAL OR CGNTUUR PLOTS

COMMGN/XSECT/ABCDE(3)PPLLI31,PPL2L3),PPL3I3),
LPLUTSZ yHPAGE y VPAGE y INP ¢ NCU «NUWs IS1UES IPRIN,
2KUDEy XSTAT y THETR « XMACH

DIMENSIUN A(343) 4NAMEL2J+ABL(8)

DIMENSIGN XPRM(3)sPNTL(3)4PNT2(3)+PNT3(3),PNT4(3)

EQUIVALENCE (PNTLsPPLLY »IPNT2,PPL2)(PNT3,PPL3)

INITIALLILE

SCALE=1./PLUTSZ
AS=PPLLIL)SYB=PPLL(2)$ZB=PPLL(3)

IF (INP.EQ.3HANG) GU TO 20
M=IPCOF{ACUEF B9 CoDsPPLLIPPLZ4PPL3)
IF (MoEQ.1) GU TO 30
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WRITE (64101

FURMAT {(//19H NU PLANE DESCRIBED//)
RETURN

XSTAT=PPL2(1)
THETR=PPL2(2)*.01745329252
KMACH=PPLZ2(3)

Y==-Y

THETR=PPL2{2)%.,01745329252
XMACH=PPL2(3)
BETA=SQKT ( XMACH*%*2-1,)
ACOEF=1.
B=—BETA*CUOS{THETR)
C==BETAXSINI{THETR)
O=XSTAT

PNTL(L)=ASTAT
PnTL(2)=0.

PNT1(3)=0.
PNT212)=PNT3{3)=0C,
PNT2(3)=PNT31(2)=1.
PNTZL{L1)=PNTL(1)-C
PNT3{L)=PNTL(1)-8
CONTINUE

PNT4{L)=PNT3(1)$PNT4(2)=PNT3(2)$PNT4{3)=PNT3(3)

COMPUTE VECTORS

TLIX=PNT3{L)-PNTLULISTLY=PNT3(2)-PNTL(2)ST1Z=PNT3(3)-PNTL{3)
T2A=PNT4{L)=PNT2L1)3T2Y=PNT4{2)-PNT2(2)8T2Z=PNT4(3)-PNT2(3)

ENX=T2Y*TLL-TLY®*T2Z
ENY=TLIX#T2L-T2X%T14L
FNL=T2XeTLY=TLX*T2Y
UN=SQRT(FNX*FNX+FNY®XFNY +FNZ*FNL)
UNX=FNX/UN

UNY=FNY/UN

UNZ=FNLZ/UN
UTL=SQRIATIX*TLIX+TLIY*TLY+T1Z%%12)
UTLX=TLX/UTL

UT1lY=T1Y/UT1

UTlZ=T1Z/UT1

UTZXK=UNY*UTL Z-UNZ*UTLY
UT2Y=UNZ*UT1 X-UNX*UT1Z
UT2Z=UNX*¥UTLY-UNY*UT L X

SETUP TRANSFORMATIGN MATRIX

AlLly L)I=UNX3ALLy2)=UNY$AL193)=UNZ
Al LI=UTLX$ALL+2)=UTLYSA(2,3)=UTLL
Al3,1)=UT2X$A(3,2)=UT2Y$A(3,3)=UT2Z

SET URIGIN OF NEw COGRC. SYSTEM

XPRMULI=ALL,L)*XB+AL1,2)%YB+AL{1,3)%B
XPRALZ2)=ALZ2, LI*XB+AL2,2)9Y8+A(2,3)%ZB
XPRMA{3)=A13,L1%XB+A{3,2)%YB+A{3,3)%ZB
HHMIN=0.

VMIN=0.

WRITE (6+40) ACGEF+B+CyD



40

coc

80

Ccoo

FURMAT (33H EWUATIUN OF THE PLANE AX+BY+(CZ=0/3H A=EL5.8,4X,2HB=,El
L1548y 4X92HC=9ELS5. 814X 92HD=9EL5.8)

BEGIN COMPUTING AND PLOTTING LINES OF INTERSECTION

VO 80 ISI=1.ISIDE

REWIND 7

CALL RECIN (74291CsABCy1s38y1)

CALL RECIN (7919ICyHLyH29F3,H4,HS,H6,NOBJ)

DO 70 Jy=1,N0BJ

CALL RECIN (79Lls ICyNSURFyJJaNAMELL) s NAME(Z )y JdydJ)

WRITE (6950) NAME

FORMAT (iXx2A10)

DO 60 N=1,NSURF

CALL RECIN (79l ICoNDLyNSLsJd3+d49Jd5)

CALL PLANEX (NDLsNSLyISIsACGEFsB9CoDsHMINyVMINJA,SCALE »XPRMyNAME)
CONT INUEL, .o
CONT INUE

CUNT INUE

KRETURN

END OF xCUuT

END
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Subroutine PLANEX

Subroutine PLANEX reads patch equations from tape and finds the patch equation of
the line of intersection of a plane and the patch. A line of intersection through the patch
is computed if such a line exists. The flow chart and the FORTRAN statements for this
subroutine are as follows:

' Subroutine PLANEX ,

Read patch
equation from
patch tape -

Change sign
of patch Y- A
component

Mirror
image

Solve for
lequation of
intersection
of patch and

nlane

Vary 0<ugl
and solve Intersectio] No
for w=F(u} on w=1l

nd
[P} =V({u,w

Vary 0<w<l Vary l>w>0
and solve and solve
for u=F(w) for u=F(w)
?nd nd
NS P1=v{iw)

Solve for
IPh=V(u,1)

Solve for
‘IP) =V(u,0)

Solvé for Solve for
[PI=V(1,w) PI=V(1,w)

No. points
calculated

Call
g PLTROT
Rotate, scale
and plot
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[aNaN e

10
20

50

SUBRUUTINE PLANEX (NDLyNSL+ISIsACOEF;BsColyHMINJVMINS Ay SCALE s XPRM,

1NAME)

READS PATCHES FROM TAPE,
SOLVES FOR INTERSECTICNS BY SPECIFIED PLANE
AND PLOTS

DIMENSION PATCH{49493)3A(343)ALINE(S52:3)
LGMAT (494) yGVEC(4) s VEC(44+3)
DIMENSION XPRM{3),NAMEL 2]}

CUMMON/XSECT/ABCDE(8)sPPLL(3),PPL2(3)PPL3I(3),
LPLGTSZ ¢HPAGE s VPAGE ¢ INP y NGU yNOWy ISIDEs IPRIN,
2KUDE ¢ XSTAT g THETR ¢ XMACH .

NNU=NOU+2

NNaA=NOW+2

FU=NOU+1

FW=NUW+]

LDU=1./FU

UW=1./Fn

NPAT=ND1I*NS1

DU 370 NiNPAT=1,NPAT

CALL RECIN (7429 1CPATCHy1148,51)
IF {(151.EQ.l) GU TO 20

CHANGE Y SIGN

DU 10 14=1,4

D0 10 J4=1,4
PATCHII4+J492)=-PATCH{144+J4,2}
CUNT INUE

CONT INUE

SULVE FOR G MATKIX
DU 30 N4=l+4

LO 30 1I4=l,4
GMAT (N4 14)=0.

GMAT(N4o14)=ACGEF*PATCHlN4'14’1}+B*PATCH(M4v1432)*C*PATCH(N4vI4y3)

CGNT INUE
SOLVE FUR W WITH U=0.

U=0.

D3 40 I=1+4
GVEC(L)=GMAT(4,1)
GVEC(43=GVEC(4)-D

GUESS=0.

IKUDE=KUBSUL (GUESS+HGVEC)
GO TO (50,150,150}, IKODE
NPT=1

CALL VSOLV (XsYsZyUsWPATCH)
ALINE(NPT ¢ 1)=XSALINE(NPT$2)=YSALINE(NPT3)=2
DU 140 N=2yNNU

E=nN-1

U=te*DuU

95



(gl o

60

80
90

120

130

140

-0 00

160

170

56

SOLVE FUR CUBIC IN #

DO 60 J4=ls4

GVEC(Ja)=((U*GMATI(1,J4) +GMAT(2,J4))*U+GMAT(3,J4) ) *U+GMAT(4+J4)
CONT INUE

GVEC{4)=GVEC(4)-D

GUESS=n

IKODE=KUBSULIGUESS +WwsGVEC)

GU TU (130,70,70)s IKUUE

TRY U FUR w=l. ON UUTER BUUNDARY

W=l.

DO 90 [=1,4

GVEC([)=0.

D0 80 J=ly,4 -
GVEC(I)=GVEC(I)+GMAT(1,J4)
CONT INUE

oVeC(4)=GVEC(4)-U

GUESS=1.
IKODE=KUBSOL{GUESSyUyGVEC)H
GO TU (120+100,100), IKODE

TRY U FUR W=0. UN OUTER BOUNDARY

wW=0.

U0 110 I=1,4

GVEC(IL)=GMAT(I,4)

GVEC(4)=6VvEC{4)-D

GUESS=1.

IKUDE=KUBSUL (GUESSyU,GVEC)

GU TO (1209300,360), IKODE

CALL VSOLV (XyYyZeUpyW,PATCH)

NPT=NPT+1

ALINE(NPT, L)=XSALINE(NPT »2)=YS$ALINE(NPT,3)=C
GO TO 300

CALL VSOLY (XeYylrUghyPATCH)

NPT=NPT+1

ALINEINPT s L)=XPALINEINPT y2)=YSALINE(NPT43)=L
CONT INUE

G0 TU 360

SOLVE FOR U WITH w=0.

#W=0.

DU 160 I=1,4
GVEC(I)=GMAT(1+%)
GVEC{4)=0VECL4)-D

GUESS=0.

IKODE=KU3SUL (GUESS+U»GVECL)
GO TU (170+2504250)y IKUDE
NPT=1

CALL VSOLV (XsYylyUynyPATCH)
ALINE(NPT o LI=XSALINEINP T4 2)=YSALINEINPT 93)=2
DU 240 N=2 ,NNw

E=N-1

WN=E*DwW



[aNaN

180

- GO

200

210

220

230

240

nNOCeO

200
2170

280

SOLVE FOK (UBIC IN U

DO 180 J4=1lr4
GVEC(J4)=((W*GMAT(JQ.l)0UHAT(JQ.Z))*H+GMAI(J4,3))*H+GMAT(J4'4)
CUNT INUE

GVEC(4)=GVEC(4)-D

GUESS=U

IKODE=KUBSULIGUESSsU»GVEC)

60 TO (230,190,190)y IKODE

TRY W FUR U=1le. ON GUTER BOUNDARY

U:l.
DO 210 I=ly4
GVEC(L)=0.

DO 200 Jd=114

GVEC(I)=GVECLI)+GMAT(J,y 1)

CUNT INUE

GVEC(4)=0GVEC(4)-D

GUESS=1.

IKOUE=KUBSUL(GUESS yW+GVEC)

GO TO (220,3604360), IKODE

CALL VSULY (XsYelsUgRePATCH)

NPT=NPT+1
AL[NE(NPT:l)=X$ALlNE(NPTv2)=Y$AL[NE(NPT03L=l
60 TU 360

CALL VSOLV (XY, ZsUsWePATCH)

NPT=NPT+1
ALINE(NPT,1)=X$AL‘NE(NPTyZ)=Y$ALINE(NPT133=Z
CUNT INUE

GO TQ 360

SOLVE FUR U WITH W=l.

Hzlﬂ
00U 270 1=1l+4
GVEC(1)=0.

DU 260 J=l14
GVECLI)=GVEC (L) +GMAT(1,J)
CONTINUE

GVEC(4)=GVEC(4)-D

GUESS=0.
IKODE=KUBSOL LGUESS U yGVEC)
GO TO (280,370,370), IKOODE
NPT=1 _

CALL VSOLV (XyYsZsUsWyPATCH)
ALINE(NPT1)=ASALINE(NPT2)=YSALINE(NPT,3)=L
DU 350 N=Z2¢NNW

E=N-1

SOLVE FUR CuBIC IN U

DO 290 J4=1r4 _
GVEC (J%)=( (WEGMATIJ4 ¢ 1) +GMAT(J492) I FW+GMAT(J4 9 3) )¥H+GMAT (J4s4)
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CONT INUE

GVEC

(4)=GVEC(»)-D

GUESS=U
IKDUe=KUBSOL (GUESS+UsGVECL)
GU TO (340,300,300), IKODE

U=l.

TRY W FUR U=le UN OUTER BUGUNDARY

DU 320 I=1,4
GVEC(L)=0.
DO 310 J=l,4

GVEC
CUNT

(I)=GVECLII+GMAT LY, L)
INUE

GVEC(4)=GVEC(4)~-V

GUESS=1.

IKJDE=KUBSOL(GUESS W GVEC)

GU TU (330,300,3060), IKUUE

CALL VSOLV (XyYyZ,UsW,PATCHI

NPT=NPT+l
ALINE(NPTy1)=XSALINE(NPT 4 2)=YSALINE(NPT 3)=L
60 TO 360

CALL VSOLV (XsYgleUyWPATCH)

NPT=NPT+1

ALINE(NPT o1 )=XSALINE(NPT 92)=YSALINEINPT y3)=L
CONT INUE )

SCALE s PRINT AND PLOT

CUNT INUE

iF (
CaLt

NPT.LE.L) GU TO 370
PLTROT (NPT A ALINEsHMINsVMIN,SCALE IPRINyXPRM,NAME)

CUNT INUE
RETURN

END

ENU UF PLANEX



Subroutine VSOLV

Subroutine VSOLYV evaluates a patch equation for x-, y-, and z-coordinates with u
and w given. The flow chart and the FORTRAN statements for this subroutine are as

follows:
( subroutine vsowv )
Solves
y|= V{u,w) for
z]u and w given
( RETURN )

SUBRUUTINE VSULV (XeYslsUsgh,PATCH)
C
C SOLVES FOK V{U,uW) FROM PATCH EQUATIOUN
C

DIMENSIUN VEC(493) PATCH(49493),V{3)
C

DU 10 Ja=1+4

DU L0 K3=1,3

VEC(JasK3)={{U*PATCH(Ls JA4sK3I¥PATCHIZ25J49K3) ) *U+PATCH{ 3,J4,K3))%U+

LPATCH{4yd49K3)
10 CONT INUE

DU 20 K3=1,3

VIK3)=SLIW#VEC(LyK3)#VECT2oK3DI*WHVECI3,)K32)*W#VEC(44K3)
29 CUNT INUE

X=V(I1)$Y=VI2)$L=VI(3)

RETURN

END
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Function KUBSOL

Function KUBSOL selects the required real root from the roots of a cubic equation.
The flow echart and the FORTRAN statements for this function are as follows:

( Function KUBSOL ) C RETURN )

1s
nown coord.
a segnment
end poin

KUBSOL=1

the
equation have
a solution

KUBSOL=3 | kussor-2

RETURN
Select root i )

Call
CUBIC

Solve cubic
equation

FUNCTIUN KUSSULLTL T CUEFFS)

FEIND> THE RUCGTS UF A CUBIC AND SELECLTS: THE REQUIRED REAL
RUUT otTWEEN Qo AND 1. CLOSEST TU A GIVEN ESTIMATE

THE ROUTINE SETS

KUBSOL=1 SULCESS

KUBsuL=2 NO ACCEPTABLE ROCT

KuBsS0L=3 ERROR

TL 15 ESTIMATE FUR SELECTION UF KEQUIRED ROOT IF ALL ARE REAL
ANU BETWEEN O. AND 1.

T IS REQUIRED ROUT wiTh KUBSOL=1

CUEFFS({L) AKE THE CUEFFICIENTS AT**3+pT#%2+(T+0=0.

[alaNalaN el ol ol ol el aN ol N o

DIMENS LON CUEFF51(4)
CUOMPLEX RUGTS(3),FTEM(8)
UDATA EPS/L.t~6/9EPL/1.E-5/

CHECK FUK GIVEN VARIABLE ON SEGMENT END POINTS

[N aX el

T=0.

IFf (ABS{CUEFFS{4)).LE.EPS) GG TO 90

T=1.

CCC=CUEFFSIL)I+CUOEFFS(2) +CCEFFS(3)+COEFFS{4)
1F (ABS(CCC)LELEPS) GU TG 90
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40
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60

70

80

90

100

SOLVE CuBIC EQUATIUON FOR T

IF (ABS(CGEFFS{L12)).GT.EPL) GU TU 40

IF (ABS(CUOEFF3(2)).GT.EPL) GO TO 30

IF (ABS(LOEFFSU13))eGTLEPL) GO TU 20
KUBSUL=3

RETURN

T=—CUEFF3{4)/COEFFSL3)
ROOTS{L)=RUUTS{2)=RO0TS(3)=T

IF (ToelTeOeeUReT<GTaled GG TO 100

GU TO 90

TEMP=COEFFS{3) ¥%x2-4.%COEFFS(21%COEFFS(4)
IF (TEMP.LT.U.) GO TO 10

TMP=SJRTITEMP)
ROOTS(L)=RUUTS(2)=(~COEFFS{3)+TMP)/ (2.%COEFFS{2))
KUOTS(3)=(-COEFFS(3)-TMP )/ (2. *COEFFS(2))
G0 TU 50

CONT INUE

CALL CUBIC (CUEFFS,RGUTS)

SELECT DESIRED KuOT

TT=KEAL(RUOTS(L))

T=TT

[F (ALMAG(ROOTS(1))2EQe0esANDoTT GE.OsoANDWTT.LE.Ls) GU TO 60
CUNT INUE

TT=REALIRGOTS(21)

T=1T _

[F (AIMAG(RUITS(2)) eEQe00aANDWTT eGEoOe e ANDWTTLLE.L.) GO TO 80
TT=KEAL(KOOTS(3))

T=TT

1F (AIMAG(RUOTS(3))EQe0seANULTT.GELO. ANDWTT LEsL.) GO TO 90
6U TQ 100

[F (AIMAG{ROOTS(2)).NE.O.) GO TO 90

TT=REALIRGUTS(2))

IF (TTeLT.0..0R.TT.6To1a) GU TU 80

PRINT 709 ToTT,TLsCUEFFS,KUUTS

FURMAT (//40H TWO ACCEPTABLE ROOTS FOUND, ROUTS ARE 2E17.8/34h E
LSTIMATE FOR SELECTION UF ROUTS ELT.8/15H COEFFICIENTS =,4E17.8/8
ZH ROUTS =46c14.8//) '
IF (ABSITL=TT).LT.ABS(TL=T)) T=TT

If (AIMAG(ROOTS(3)).NE.O.) GG TO 90

TT=REAL(ROOTS(3))

[F (TToLT<0.-0ReTTabTolad GO TO 90

PRINT 70, ToTT,TLyCUEFFS,RGUTS

IF (ABS(TL=TTI.LT.ABS(TL=T)) T=TT

CUNT INUE

KUBSOL=1

RETURN

CONT INUE

KUBSUL=2

RETURN

END
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Subroutine CUBIC

Subroutine CUBIC uses the direct solution for the roots of the cubic equation:
Ax3 + BX2 + CX + D =0. The flow chart and the FORTRAN statements for this subroutine
are as follows:

Subroutine
CUBIC

Solve directly
for the roots
of a cubic
equation

‘ RETURN ’

SUBRUUTINE CUBIC (AyX)}

C
C
C PROGRAMMER HSING-SHIK, CHANG
C
C

CUMPLEX X

UIMENSTuN X(3)

DIMENSIUN Al(4) s XK(3)y XI€3)yAQ(3)
C
C SOLVE THE CuBIC EQUATIGN F(X)=0
C
C FIX)=A(L)¥X:%34+A(2) % X¥%2+A(3)*X+A(4)
C.
C WUADKATOON FiX)=0
¢
C FIX)=Aul L) RXER2+AGL 2I*X+ AL 3)
C
C FIX)=X%%2+pB2%X+83

IPATH=2

“EX=le/3.,

IF (A(4)) 20,10,20
i0 XR{11=0.
GU Tu 150
20 A2=AL1I*A(L)
Q=127 ¥A2¥A{4) =9 *¥A(LIFAL2)*AL3) 42 %A( 2)%%3) /{54 %A2%A(1))
IF (Q) 40930450

30 L=0.
GO Tu 140
40 W=—d
IPATH=1
50 P=l3a%ALL)2A(3)-AL2)%A(2))/{5.%A2)

ARG=P*P*P+Q¥Q
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60
70
80
S0
100
110
120
130
140
150

160

1790
180

iv0

200

IF (ARG) 60,470,880

(=—=2 +*SQRT (-P)*CUSIATANISGRT(-ARG)I/Q)/3.)
60 TO 120

L==2 J¥Q¥*EX

60 TO 120

SARG=SWURT ( ARG)

IF (P) 90,100+110

L== (Wt SARG ) ¥ ¥EX— (Q-SARG Y **EX

GU TO 120

L==(2.%Q)**EX

Gu Tu 120

L= {SARG—Q) *¥EX-(SARG+Q) #3EX

GU TU (130,140}, IPATH

P
XRELDI=(3.%A(LIXL-AL2) )/ 13%A(1))
AQ(l)=All1l)

AQ(Z2)=A(2) +XR{1)*All)

AU(3)=A13) +XR(1)*AQL2)

B2=Ad{2)/7AQ(1)
83=AQt3)/7AQll)
Xl=-82/2.

DISC=X1%X1-B3

IF (DISC.LT.0.0) 160,170
X2=SQRT{-DISC)

Xk{2)=X1

XR{3)=X1

X{t2)=Xe

Gu TO 200

IF (ULSC.EW.0.0) 180,190
Xzzo -

XR{2)=X1+X2
XR{3)=X1-X2

Xi(2)=0.

6U Tu 200

X2=5QRTADISC)

KR (2)=AL+X2
XR{3)=X1—-X2

X1{21=0.

Xi{1i=0.

XI(3)==-X1(2)
X{L)=CMPLXUAKI L) o XIL L))
X{2)=CMPLXIXRI2) +XI(2))
X{3)=CMPLX{XR(3) yXI(31})
RETURN

END
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Subroutine PLTROT

Subroutine PLTROT rotates and translates points defining a cross section, generates
plot instructions, and prints the points. The flow chart and the FORTRAN statements for
this subroutine are as follows:

( Subroutine PLTROT ’

N
Print
original
line of
points

Rotate and

project
points

Write
plot vectors
for
plots

Print
rotated line
of
points
‘ RETURN ’

SUBROUTINE PLTROT (NPT Ay ALINEsy HMINy VMIN)SCALE » IPRINy XP 9 NAME)

RUTATES A SET OF 30 PCGINTS INTO A SPECIFIED PLANE
AND GENCRATES A CALCGMP PLUT TAPE

[aN el aN e

UIMENSLION A(343)4ALINE(S5293)»RLINE{54,3)
DIMENSLON XP{3)yNAMELZ)
DATA EPS/.00000001/

N=1

L0 N=N+1
TL=ABS(ALINE(N=1y1)—ALINE(Ns1))
T2=ABS(ALINE(N-1+2)—ALINE(N,2)})
T3=ABS(ALINE(N=1+3)—ALINE(N,3J)
IF (eNOT el TLlelEaEPS AND«T2eLECEPSANULT3.LELEPS)) GO TO 30
D0 20 NK=NyNPT
DO 20 N3=1,3

20 ALINE(NK~1,N3)=ALINE(NK,N3)
NPT=NPT-1
N=N-1

64



30

g0
90
100

119

120
130

140

IF (N.RE-NPT) GG TO 10

IF {(NPT.LE.l) KETURN

GO TU (70,40,70+40), IPRIN

CONT INUE

DU 50 N=1,NPT

DO 50 N3=1,3

RLINE(Ny,N3)=ALINE(NSN3)/SCALE

WRITE (6+60) ((ALINE(LsJ)sd=1+3) 2 (RLINELT+J)sJd=193)91=1NPT)
FORMAT (//44Xy3THCOGRUINATES OF POINTS OF INTERSECTION/2T7X,»8HORIGI
LNALS2X s6HSCALED/ 27Xy LHXLYXy LHYL9Xy 1HL 19X LHAL9Xy LHY 19X LHZ/(6E20.8
)

CONT INUE

D0 100 N=1,NPT

RLINE{N,1)=0.

RLINEINy2)=0.

RLINE(N»3)=0U.

00 90 I=1,3

DO 80 J=1,3

RLINE(N I)=RLINE(N 1) +A{L,J)*ALINE(NyJ)

KLINEIN, I)=RLINE(N,I)=XPL{ 1)

CUNT INUE

RLINE(NPT+1ly2)=HMIN

RLINE(NPT+143)=VMIN

RLINE(NPT#2,2)=5CALE

RUINE(NPT+2,3)=SCALE

CALL LINE (RLINEC(Ly2)yRLINE(L¢3)sNPT41+0404+01}

GU TU (150915U9110,4110) IPKIN

CONT INUE

DU 130 N=LNPT

DO 120 N3=1,3

ALINE(N)N3)=RLINE{NyN3) /SCALE

CONT INUE

WRITE (62140) ((RUINECI sd)9d=L19s3) o CALINE(L»J)9yd=143),1=1,NPT)
FURMAT (//33X¢59HCOORDINATES OF POINTS OF INTERSECTION ROTATED INT
10 vZ PLANE/Z2TXy6HORIGINALS2Xy6HSCALED//TXe LHX19Xy LHY 19Xy LHZ19Xy LHX
2L9Xy LHYL9Xy LHZ/{0E20.8))

CONTINUE

RETURN

END OF PLTRUT

END
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Function IPCOF

Function IPCOF finds the coefficients of a plane from three given points.

chart and the FORTRAN statements for this function are as follows:

e aNeNal

o

10

20
30

4y

o Co
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( Punction IPCOFP )

Compute the
equation of a
plane from
3 given points

< RETURN )

FUNCTICGN IPLUOF (Ay84C,09R19P24P31
DIMENSION PLU3),P2(3)9P3{3)AMATI3+3)+BMAT(3),IPIVOT(3)

FINDS THE CUEFFICIENYS OF A PLANE IN THE
FUORM AX+BY+(C =D

DATA EPS/1l.E-8/

D=1l

DO 30 I=1,4

DO 10 HW3=1l,3

AMAT{L yN3)=PL(N3)
AMAT (2 yN3)=P2IN3)
AMAT (3 yN3)=P3(N3)
BMAT (N3)=1l.

Ii=[-1

IF (I1.EQ.0) U TO 30
DO 20 N3=1,3

BHAAT IN3J)=~AMATIN3,11)
AMAT (N3 i1l )=-1.

CUNT INUE

CUNT INUE .
CALL SIMEQ (AMAT ¢3s8BMAT 21 UET»IPIVOT,3,1SCALE)
IF (ABStueT).Lk.EPS) GO TO 50
IF {L.EQel) GU TU 40
D=sMAT(II)
BMAT(LI)=1.

A=8MAT (1)

B=8BMAT (2)

C=BMATI{3)

I1PCOF=1

RETURN

CONT INUE

I1PCUF=2¢

RETURN

i s T ARt //

ENU

The flow



Langley Library Subroutine SIMEQ

Language: FORTRAN
Purpose: SIMEQ solves the matrix equation AX =B where A is a square coefficient matrix and B is a
matrix of constant vectors. The solution to a set of simultaneous equations and the determinant may be

obtained. If the user wants the determinant only, use DETEV for savings in time and storage.

Use: CALL SIMEQ (A, N, B, M, DETERM, IPIVOT, NMAX, ISCALE)

A A two-dimensional array of the coefficients.

N The order of A; 1 =N s NMAX.

B A two-dimensional array of the constant vectors B. On return to calling program, X is
stored in B.

M The number of column vectors in B.

DETERM Gives the value of the determinant by the following formula:
DET(A) = (10100)5CALE pETERM)

IPIVOT A one-dimensional array of temporary storage used by the routine.
NMAX The maximum order of A as stated in dimension statement of calling program.

ISCALE A scale factor computed by subroutine to keep results of computation within the floating-
point word size of the computer.

Restrictions: Arrays A, B, and IPIVOT are dimensioned with variable dimensions in the subroutine. The
maximum size of these arrays must be specified in a DIMENSION statement of the calling program as:
A (NMAX, NMAX), B (NMAX, M), IPIVOT (NMAX). The original matrices, A and B, are destroyed.
They must be saved by the user if there is further need for them. The determinant is set to zero for
a singular matrix.

Method: Jordan's method is used through a succession of elementary transformations: Ip, ln-1, - - - l1-
If these transformations are applied to a matrix B of constant vectors, the result is X where AX =B,

Each transformation is selected so that the largest element is used in the pivotal position.

Accuracy: Total pivotal strategy is used to minimize the rounding errors; however, the accuracy of the
final results depends upon how well-conditioned the original matrix is.

Reference: (a) Fox, L.: An Introduction to Numerical Linear Algebra. Oxford Univ. Press, ¢.1965.
Storage: 432g locations.

Subroutine date: August 1, 1968.
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The FORTRAN statements for this subroutine are as follows:

SUBROUTINE SIMEG (AyNsByM,DETERM,IPIVOT yNMAX,ISCALE)
SOLUTION OF SIMULTANEQUS LINEAR EQUATIONS
#%% QUCUMENT DATE Ou-01-068 SUBRUUTiINEc REVISED 08-01-68 *%kx&xkixk

DIMENSION IPIVUT(N) A(NMAXyN}»BINMAX,M)
EQUIVALENCE (iRUWyJROW) o (ICOLUM, JCOLUM) , LAMAX, T, SWAP)

INITIALTZATION

ISCALE=O
R1=10.0%%100
DETERM=1.0
U 20 J=1¢N
LPIVOTJI=0
DU 380 I=1sN

SEARCH FOR PIVOT ELEMENT

AMAX=0.0

U0 70 J=1lsN

IF (IPIVOT(J)-1) 30,70,30

00U 60 K=1sN

IF (IPIVUT(K)-1) 40,60,390

IF (ABSULAMAX)—ABSLALJK)}) 50460,60
IRUW=J

ICOLUM=K

AMAX=A(J 1K)

CUNT INUE

‘CONT INUVE

IF (AMAX) 90»80,90

DETERM=0.0

[SCALE=0

60U TO 390
[PIVUTUICOLUMI=IPIVUTIICCLUM) +1

INTERCHANGE RUW> TO Pul PIVOT ELEMENT ON DIAGUNAL

IF (IRUN—-ICOLUM) 100,140,100
DETERM=—DETERM

DO 110 L=1,4N
SWAP=A{IRUW,sL)
ACLIROW,LI=ALICULUM,L)
ACICULUM,L)=SWAP

{F (M) 140,140,120

DU 130 L=1+M
SWAP=B(IROW,L)
BUIROWL)=B(ICOLUM,yL)
BLICUOLUM,L }=SWAP
PIVOT=A(ICGLUM, ICULUM)
IF (PIVOT) 150,480,150

SCALE THE OETEKMINANT

PIVUTI=PIVOT
IF (ABS(DETERMI-R1) 130,160,160



Lo0
170

180
190
200
210
220

<30

240
250
260

270

280
290

300
310

320

330

340
350

560
370
380
390

DETERM=DETERM/KL
ISCALE=ISCALE*]

iF (ABS(DETERM)-RL) 210,17C,170
VDETERM=DETERM/KL
[SCALE=ISCALE+L

GO TO 2190

[¥ (ABS(UETERMI-R2) 190,150,210
DETERM=DETERM*RI]
ISCALE=ISCALE-1L

IF (ABS(DETERM)-R2) 200,205,210
DETERM=UETERM*KL
[SCALE=I5CALE-L

IF (ABS{PIVUTI)-RL) 240,220,220
PIVOTI=PIVUTI/RIL
ISCALE=ISCALE*]L

IF (ABS(PIVUTI}I-RL) 270,230,230
PIVUTI=PIVUTI/RIL
[SCALE=ISCALE+]

G0 TO 270

I[F CABSIPIVUTI)I=R2) 2509250270
PIVOTI=PIVOTI*kli
ISCALE=ISCALE-L

IF (ASS(PIVOTI)-R2) 260,260,270
PIVOTI=PIVOTI*R1
1SCALE=ISCALE-]
UETERM=DETERM*PIVUTI

DIVILE PIVUGI Ruw BY PIVOT ELEMENT

DU 290 L=1,N

IF (1PLVOT(LI=1) 280,290,390
AUICGLUM,L)=ALICGLUM, L) /PIVOT
CUNT INUE

IF (M) 3204320, 300

DO 310 L=1.M
B(ICULUM,L)=B({ICCLUM,L) /PIVGT

REUUCE NON—PIVUT ROWS

DU 380 LL=1sN

IF (L1-1COLUM) 330,38U,330
T=A{LL,ICULUM)

DU 350 L=1,N

IF (IPIVOT(L)-1) 3404350390
A(LLoL)=A(LLsL)-ALICOLUMyLI*T
CONTINUE

IF (M) 380,380,360

DU 370 L=1,M
BILLyL)=B(LL,L)-BULICOLUM,L)*T
CONT INUE

RETURN

END

69



PROGRAM USE

PROGRAM IDENTIFICATION

This program is for fitting smooth surfaces to the component parts of an aircraft
configuration using a three-dimensional modeling technique called Coon's patches (ref. 1).
It is identified as program D3400.

PROGRAM SETUP FOR A COMPILE AND EXECUTE

This section describes the input data requirements, limitations, and the punched
card formats. The program will end normally if there are no input cards at the beginning
of a READ sequence.

The input data cards are assembled with the prbgram decks in the order illustrated
in sketch (d).

EOF
, A
I

Overlay(4, 0)
< >
Overlay(3, 0) I

Surface Point
Description

Postprocessing
Cards

Job Execution
Cards

Process Card

Sketch (d)
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DESCRIPTION OF INPUT DATA CARDS

Configuration

The form for the airplane configuration input has become known throughout the air-
craft industry as the Harris Wave Drag geometry input and is identical to that described
in reference 3.

Since the airplane has to be symmetrical about the XZ-plane, only half of the air-
plane need be described to the computer. The convention used in presenting the input data
is that the half of the airplane on the positive Y-side of the XZ-plane is presented. The
program then uses this information to construct the complete airplane if required. The
number of input cards depends on the number of components used to describe the configu-
ration and the amount of detail used to describe each component. It is not possible to
change only part of a configuration in a succeeding case. The complete configuration
must be input each time. The method of input is by FORTRAN "READ" statements.

Card 1 — Identification.- Card 1 contains any desired identifying information in

columns 1 to 80.

Card 2 — Control integers.- Card 2 contains 24 integers, each punched right-

justified in a 3-column field. Columns 73 to 80 may be used in any desired manner. An
identification of the card columns, the name used by the source program, and a descrip-
tion of each integer are given in the following table:

FORTRAN

Columns name Description
01 to 03 Jo If JO = 0, no reference area
If JO =1, reference area to be read
04 to 06 J1 I J1 =0, no wing data
If J1=1, cambered wing data to be read
If J1 = -1, uncambered wing data to be read
07 to 09 J2 If J2 =0, no fuselage data
If J2 =1, data for arbitrarily shaped fuselage
to be read
If J2 = -1, data for circular fuselage to be read

(with J6 = 0, fuselage will be
cambered; with J6 = -1, fuselage
will be symmetrical with XY-plane;
with J6 = 1, entire configuration
will be symmetrical with XY-plane)
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Columns

10 to 12

13 to 15

16 to 18

19 to 21.

22 to 24

25 to 27

28 to 30
31 to 33

34 to 36

37 to 39
40 to 42

43 to 45
46 to 48

49 to 51
52 to 54

72

FORTRAN
name

J3

J4

J5

J6

NWAF

NWAFOR

NFUS
NRADX(1)

NFORX(1)

NRADX(2)
NFORX(2)

NRADX(3)
NFORX(3)

NRADX(4)
NFORX(4)

Description

J3 = 0, no pod data
J3 = 1, pod data to be read

J4 = 0, no fin data
J4 = 1, fin data to be read

J5 = 0, no canard data
J5 = 1, canard data to be read

HRE BB B R

Simplification code:

If J6 =0, indicates a cambered circular or
arbitrary fuselage if J2 # 0

If J6 =1, complete configuration is symmet-
rical with respect to XY-plane,
which implies uncambered circular
fuselage if there is a fuselage

If J6 = -1, indicates uncambered circular

fuselage with J2 # 0

Number of airfoil sections used to describe the
wing; 4 = NWAF =20

Number of ordinates used to define each wing
airfoil section; 4 = NWAFOR = 30

Number of fuselage segments; 1 = NFUS = 4

Number of points used to represent half-section
of first fuselage segment; if fuselage is circu-
lar, the program computes indicated number of
y- and z-ordinates; 4 = NRADX(1) = 30

Number of stations for first fuselage segment;
4 = NFORX(1) = 30

Same as NRADX(1) and NFORX(1), but for second
fuselage segment

Same as NRADX(1) and NFORX(1), but for third
fuselage segment

Same as NRADX(1) and NFORX(1), but for fourth
fuselage segment



FORTRAN

Columns name Description

55 to 57 NP Number of pods described; NP =9

58 to 60 NPODOR Number of stations at which pod radii are to be
specified; 4 = NPODOR = 30

61 to 63 NF ‘Number of fins (vertical tails) described;
NF =26

64 to 66 NFINOR Number of ordinates used to define each fin air-
foil section; 4 = NFINOR = 10

67 to 69 NCAN Number of canards (horizontal tails) described
NCAN =2

70 to 72 NCANOR Number of ordinates used to define each canard
airfoil section; 4 = NCANOR = 10; if NCANOR
is given a negative sign, the program will expect
to read lower ordinates also; otherwise, airfoil
is assumed to be symmetrical

Cards 3, 4, . . . — remaining data input cards.- The remaining data input cards

contain a detailed description of each component of the airplane. Each card contains up
to 10 values, each value punched in a 7-column field with a decimal and may be identified
in columns 73 to 80. The cards are arranged in the following order: reference area,
wing data cards, fuselage data cards, pod (or nacelle) data cards, fin (vertical tail) data
cards, and canard (or horizontal tail) data cards..

Reference area card: The reference area value is punched in columns 1 to 7 and
may be identified as REFA in columns 73 to 80. This value is not used by the program
but may be present in an already existing input deck.

Wing data cards: The first wing data card (or cards) contains the locations in per-
cent chord at which the ordinates of all the wing airfoils are to be specified. There will
be exactly NWAFOR locations in percent chord given. Each card may be identified in
columns 73 to 80 by the symbol XAFj where j denotes the number of the last location in
percent chord given on that card. For example, if NWAFOR = 16, there are 16 ordinates
to be specified for every airfoil, and two data cards will be required. The first XAF card
is identified as XAF 10 and the second as XAF 16.

The next wing data cards (there will be NWAF cards) each contain four numbers
which give the origin and chord length of each of the wing airfoils that is to be specified.
The cards representing the most inboard airfoil are given first, followed by the cards for
successive airfoils. The information is arranged on each card as follows:
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Columns Description

1to 7 x-ordinate of airfoil leading edge
8 to 14 y-ordinate of airfoil leading edge
15to0 21 z-ordinate of airfoil leading edge
22 to 28 Airfoil streamwise chord length
73 to 80 Card identification, WAFORGj where j denotes the

particular airfoil; for example, WAFORGI denotes
first (most inboard) airfoil

If a cambered wing has been specified, the next set of wing data cards is the mean
camber line (TZORD) cards. The first card contains up to 10 Az values, referenced
to the z-ordinate of the airfoil leading edge, at each of the specified percents of chord
for the first airfoil. If more than 10 values are to be specified for each airfoil (there
will be NWAFOR values), the remaining values are continued on successive cards. The
remaining airfoils are described in the same manner, data for each airfoil starting on a
new card, and the cards arranged in the order which begins with the most inboard airfoil
and proceeds to the outboard. Each card may be identified in columns 73 to 80 as
TZORDj, where j denotes the particular airfoil.

Next are the wing airfoil ordinate (WAFORD) cards. The first card contains up to
10 half -thickness ordinates of the first airfoil expressed as percent chord. If more than
10 ordinates are to be specified for each airfoil (there will be NWAFOR values), the
'remaining ordinates are continued on successive cards. The remaining airfoils are each
described in the same manner, and the cards are arranged in the order which begins with
the most inboard airfoil and proceeds to the outboard. Each card may be identified in
columns 73 to 80 as WAFORDj, where 'j denotes the particular airfoil.

Fuselage data cards: The first card (or cards) specifies the x-values of the fuse-
lage stations of the first segment. There will be NFORX(1) values and the cards may be
identified in columns 73 to 80 by the symbol XFUSj where j denotes the number of the
last fuselage station given on that card. '

If the fuselage is circular and cambered, the next set of cards specifies the
z-locations of the center of the circular sections. There will be NFORX(1) values and
the cards may be identified in columns 73 to 80 by the symbol ZFUSj where j denotes
the number of the last fuselage station given on that card.

If the fuselage is circular, the next card (or cards) gives the fuselage cross-
sectional areas, and may be identified in columns 73 to 80 by the symbol FUSARDj where
j denotes the number of the last fuselage station given on that card. If the fuselage is of
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arbitrary shape, the y-ordinates for a half-section are given (NRADX(1) values) and
identified in columns 73 to 80 as Yi where i is the station number. Following these
are the corresponding z-ordinates (NRADX(1) values) for the half-section identified in
columns 73 to 80 as Zi where i is the station number. Each station will have a set of
Y and Z cards, and the convention of ordering the ordinates from bottom to top is
observed.

For each fuselage segment a new set of cards as described must be provided. The
segment descriptions should be given in order of increasing values of x.

Pod data cards: The first pod or nacelle data card specifies the location of the
origin of the first pod. The information is arranged on the card as follows:

Columns Description
1to" x-ordinate of origin of first pod
8 to 14 y-ordinate of origin of first pod
15to 21 z-ordinate of origin of first pod
73 to 80 Card identification, PODORGj where j denotes pod number

The next pod input data card (or cards) contains the x-ordinates, referenced to the
pod origin, at which the pod radii (there will be NPODOR of them) are to be specified.
The first x-value must be zero, and the last x-value is the length of the pod. These cards
may be identified in columns 73 to 80 by the symbol XPODj where j denotes the pod
number. For example, XPOD1 represents the first pod.

The next pod input data cards give the pod radii corresponding to the pod stations
that have been specified. These cards may be identified in columns 73 to 80 as PODR]j
where j denotes the pod number.

For each additional pod, new PODORG, XPOD, and PODR cards must be provided.
Only single pods are described but the program assumes that if the y-ordinate is not zero
an exact duplicate is located symmetrically with respect to the XZ-plane; a y-ordinate of
zero implies a single pod. )

Fin data cards: Exactly three data input cards are used to describe a fin. The
information prese'nted on the first fin data input card is as follows:

Columns Description
1to x-ordinate of lower airfoil leading edge
8 to 14 y-ordinate of lower airfoil leading edge

15to 21 z-ordinate of lower airfoil leading edge
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Columns Description

22 to 28 Chord length of lower airfoil

29 to 35 - x-ordinate of upper airfoil leading edge

36 to 42 y-ordinate of upper airfoil leading edge

43 to 49 z-ordinate of upper airfoil leading edge

50 to 56 Chord length of upper airfoil

73 to 80 Card identification, FINORGj where j denotes fin number

The second fin data input card contains up to 10 locations in percent chord (exactly
NFINOR of them) at which the fin airfoil ordinates are to be specified. The card may be
identified in columns 73 to 80 as XFINj where j denotes the fin number.

The third fin data input card contains the fin airfoil half -thickness ordinates
expressed in percent chord. Since the fin airfoil must be symmetrical, only the ordinates
on the pbsitive y-side of the fin chord plane are specified. The card identification,
FINORD]j, may be given in columns 73 to 80, where j denotes the fin number.

For each fin, new FINORG, XFIN, and FINORD cards must be provided.

Only single fins are described but the program assumes that if the y-ordinate is not
zero an exact duplicate is located symmetrically with respect to the XZ-plane; a
y-ordinate of zero implies a single fin.

Canard data cards: If the canard (or horizontal tail) airfoil is symmetrical,
exactly three cards are used to describe a canard, and the input is given in the same
manner as for the fin. H, however, the canard airfoil is not symmetrical (indicated by a
negative value of NCANOR), a fourth canard data input card will be required to give the
lower ordinates. The information presented on the first canard data input card is as
follows:

Columns Description
lto 7 x-ordinate of inboard airfoil leading edge
8 to 14 y-ordinate of inboard airfoil leading edge
15 to0 21 z-ordinate of inboard airfoil leading edge
22 to 28 Chord length of inboard airfoil
29 to 35 x-ordinate of outboard airfoil leading edge
36 to 42 y-ordinate of outboard airfoil leading edge
43 to 49 z-ordinate of outboard airfoil leading edge
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Columns Description
50 to 56 Chord length of outboard airfoil
73 to 80 Card identification, CANORGj where j denotes the canard number

The second canard data input card contains up to 10 locations in percent chord
(exactly NCANOR of them) at which the canard airfoil ordinates are to be specified. The
card may be identified in columns 73 to 80 as XCANj where j denotes the canard
number.

The third canard data input card contains the upper half-thickness ordinates,
expressed in percent chord, of the canard airfoil. This card may be identified in
columns 73 to 80 as CANORDj where j denotes the canard number. If the canard air-
foil is not symmetrical, the lower ordinates are presented on a second CANORD card.
The program expects both upper and lower ordinates to be punched as positive values in
percent chord.

For another canard, new CANORG, XCAN, and CANORD cards must be provided.

Alternate Surface-Description Input

The surface-description method used in this report is not restricted to any partic-
ular shape. An airplane configuration was chosen for the current application because of
its complexity and an anticipated need. 'The program input is best thought of as a set of
points describing a surface or surfaces.

To use the program for a different input form, the user may substitute another
overlay (1,0) for preprocessing input data in the proper form to be used by the program.
If desired to print this input data, provisions to do so should be provided for in over-
lay (1,0).

Overlay (1,0) must:
1. Store in labeled COMMON
COMMON/PATPLT/XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX, NOBJ

The minimums and maximums define a box in which the shape to be plotted ortho-
graphically will fit. These values are not used for the cross-section plots, but space
must be allowed so that NOBJ will occupy the correct position. .

NOBJ is the number of objects (or components) each made up of a number of sur-
faces, all of which could form a body.

2. Write binary tape 10 in the following format. FORTRAN names from the given pro-
gram are used for illustration.

N



Record

Name

ABC(8)

(For NOBJ,)
NSURF

M1

M2(2)

M3

M4

(For NSURF, )
NCOL
NROW

N3

N4

N5

((ALINE(N,N3), N=1, NCOL),

N3=1,3)

((ALINE(N,N3), N=1, NROW),

N3=1,3)

Purpose

Identification

Number of surfaces in object

Not used

Name of object (for printing only)
Not used

Not used

Number of columns of grid points, =31
Number of rows of grid points, =31
Not used

Not used

Not used

NROW lines of NCOL points (x,y,z)

NCOL lines of NROW points (x,y,z)

(Repeat records 3, 4, and 5 for the number of surfaces given in record 2)

(Repeat record 2 for each NOBJ as given in labeled COMMON PATPLT
and repeat records 3, 4, and 5 as required.)

(Although the dummy variables are not used at the present time, they

must be written on tape.)

Great care must be taken to describe the grid of input points in exactly the manner
specified so that in a collection of surfaces the outward normal vectors will be consistent.
For the current application, the rectangular grid of values (not necessarily rectangular in
shape) does not require any specific corner as the starting place. However, points must
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be given as lines in a rowwise direction then as lines in a columnwise direction as
illustrated in sketch (e)

Sketch (e)

3. If it is desired to increase the number of points in the rows and/or columns and it is
not feasible to break a surface down into more than one surface, increase all dimen-
sions of 31 to the maximum of NCOL or NROW in:

(a) Overlay (1,0), program START

(b) Overlay (2,0), subroutine PACH. Also in subroutine PACH, change the dimen-
sions of the SLOPE array to SLOFE (NCOLmax,NROWmax,3) and change
MAXN in the data statement to the largest of NCOL  ,, or NROW ..

Option Card
The option card indicates to the program the next kind of input to be read.

FORTRAN

Column name Description
4 ITYPE If ITYPE = 1, Read orthographic-projection plot
card '

I ITYPE =2, Read cross-section plot card

If ITYPE = 3, Read another set of geometry cards

Plot Cards

A single card contains all the necessary information for one plot. The available
options and the necessary input for each are described in the following sections.
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Orthographic projections (ITYPE = 1).- For one orthographic projection, the card

should be set up as follows:

FORTRAN

Columns name Description
1 HORZ "X", "Y", or "Z" for horizontal axis
3 VERT "X, "Y' or "Z" for vertical axis
5t 7 TEST1 Word "OUT" for deletion of hidden lines; otherwise,
leave blank
8 to 12 PHI . Roll angle, degrees
13 to 17 THETA Pitch angle, degrees N
.18 to 22 . PsI Yaw angle, degrees
48 to 52 PLOTSZ Plot frame size (scale factor is computed by using
PLOTSZ and maximum dimension of configuration,
i.e., the maximum dimension, usually the body
length, will be scaled to exactly PLOTSZ)
53 to 55 TYPE Word "ORT"
56 to 58 NOU Number of lines, originating on the w = 0.0 boundary,
computed within each patch for enriching the sur-
face grid in the w-direction, NOU = 50
59 to 61 NOwW Number of lines, originating on the u = 0.0 boundary,
computed within each patch for enriching the sur-
face grid in the u-direction, NOW = 50
64 ISIDE If ISIDE = 0 or 1, plot described body
If ISIDE = 2, plot described body and mirror image
72 KODE If KODE = 0, continue to read plot cards
If KODE # 0, return and read option card after this

plot

Plan, front, and side views (stacked) (ITYPE = 1).- For plan, front, and side views
stacked one above the other in a pleasing-to-the-eye arrangement, the card should be set
up as follows:

FORTRAN -
Columns name Description
5to7 TEST1 Word "OUT" for deletion of hidden lines; other-

wise leave blank
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Columns

8 to 12
13 to 17
18 to 22
48 to 52

53 to 55
56 to 58

59 to 61

64

72

FORTRAN
name

PHI
THETA
PSI
PLOTSZ

TYPE
NOU

NOW

ISIDE

KODE

Description

y-origin on paper of plan view, inches
y-origin on paper of side view, inches
y-origin on paper of front view, inches

Plot frame size (scale factor is computed
using PLOTSZ and maximum dimension of
configuration, i.e., the maximum dimension,
usually the body length, will be scaled to
exactly PLOTSZ)

Word "VU3"

Number of lines, originating on the w=0.0
boundary, computed within each patch for
enriching the surface grid in the w-direction,
NOU = 50

Number of lines, originating on the u=10.0
boundary, computed within each patch for
enriching the surface grid in the u-direction,
NOW = 50

If ISIDE = 0 or 1, plot described body

If ISIDE = 2, plot described body and mirror
image

If KODE = 0, continue to read plot cards

If KODE # 0, return and read option card after
this plot '

Cross-section plots where the method of input for defining the plane is by three

input points (ITYPE = 2).- For cross-section plots where the method of input for defining

the plane is by three input points (ITYPE = 2), the inpuf card should be set up as follows:

Columns

1to6

Tto 12

13 to 18

FORTRAN
name

PPL1(1)
PPL1(2)

PPL1(3)

Description

X1, also used as X

¥q, alsoused as y

z1, alsoused as z
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Columns

19 to 24
25 to 30
31 to 36
37 to 42
43 to 48
49 to 54
55 to 60
61 to 63

64 to 66

67 to 69
70 to 72

73 to 75

76 to 17

FORTRAN
name

PPL2(1)
PPL2(2)
PPL2(3)
PPL3(1)
PPL3(2)
PPL3(3)
PLOTSZ
HPAGE

VPAGE

INP
NOU

NOwW

CUT

Description

Scale factor, inches/unit

Horizontal paper origin, inches (a value of 0.0
will overlay the plots)

Vertical paper origin will be half of VPAGE,
inches

Word "PNT"

Number of u-values between 0.0 and 1.0, together
with the u=0.0 and u=1.0 values, where
interpolated values of w are to be computed,
NOU = 50

Number of w-values between 0.0 and 1.0, together
with the w=0.0 and w=1.0 values, where
interpolated values of u are to be computed,
NOW = 50

Number of additional cross-section plots desired

*For ICUT # 0, a second input card is required:

Columns

1to 6
Tto 12
13 to 18
21
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FORTRAN
name

DX
DY
DZ
H

Description

AX for Xy, X9, and Xq
AY for ¥y yz,‘ and Y3
AZ for 2y, Zg, and Zg

If IH = 0, plots will be overlaid with HPAGE
applied only after last plot

If IH# 0, normal HPAGE spacing between each
plot



FORTRAN

Columns name Description
78 ISIDE If ISIDE = 0 or 1, examine given body
If ISIDE = 2, examine given body and its mirror
image '
9 IPRIN If IPRIN =0 or 1, do not print intersection
points
If IPRIN = 2, print original and original rotated
points of intersection
If IPRIN = 3, print scaled and scaled rotated
points of intersection
If IPRIN = 4, print points of intersection-
original and original rotated,
scaled and scaled rotated
80 KODE If KODE = 0, continue to read plot cards
If KODE # 0, return and read option card after .
this plot

Cross-section plots where the method of input for defining the plane is by specifying
a Mach number to define a Mach angle, an angle to define the orientation of the Mach
angle, and the plane intercept on the X-axis (ITYPE = 2).- For cross-section plots where
the method of input for defining the plane is by specifying a Mach number to define a Mach
angle, an angle to define the orientation of the Mach angle, and the plane intercept on the
X-axis (ITYPE = 2), the input card should be set up as follows:

Columns FO%%%AN Description
1to 6 PPLI1(1) Xy
Tto 12 PPL1(2) Y,
13 to 18 PPL1(3) -z,
19 to 24 PPL2(1) X-intercept
25 to 30 PPL2(2) Roll angle of plane, degrees
31 to 36 PPL2(3) Mach number, >1.0
55 to 60 | PLOTSZ Scale factor, inches/unit
61 to 63 HPAGE Horizontal paper origin, inches (a value of 0.0
will overlay the plots)
64 to 66 VPAGE Vertical paper origin will be half of VPAGE,

inches
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FORTRAN

84

applied only after last plot

IH # 0, normal HPAGE spacing between each
plot .

Columns name Description

67 to 69 INP Word "ANG"

70 to 72 NOU Number of u-values between 0.0 and 1.0, together
with the u=0.0 and u=1.0 values, where
interpolated values of w are to be computed,
NOU = 50

73 to 75 NOW Number of w-values between 0.0 and 1.0, together
-with the w=0.0 and w=1.0 values, where
interpolated values of u are to be computed,
NOW <= 50

76 to 77 cuT Number of additional cross-section plots desired

78 ISIDE If ISIDE = 0 or 1, examine given body

If ISIDE = 2, examine given body and its mirror
image

19 IPRIN If IPRIN = 0 or 1, do not print intersection points

If IPRIN = 2, print original and original rotated
points of intersection

.If IPRIN = 3, print scaled and scaled rotated
points of intersection

I IPRIN = 4, print points of intersection:
original and original rotated,
scaled and scaled rotated

80 KODE If KODE = 0, continue to read plot cards

If KODE # 0, return and read option card after
this plot
*For ICUT # 0, a second input card is required:
FORTRAN it
Columns name Description
l1to6 DX A for X-intercept
T to 12 DY A for roll angle
13 to 18 DZ A for Mach number
21 H I IH = 0, plots will be overlaid with HPAGE
i



DESCRIPTION OF PROGRAM OUTPUT

The program output includes the input data printout, the printout of points of inter-
section for cross-section plots, and a plot vector file to be postprocessed for off-line
machine plots.

Input Data Printout

The card images of all the input data — configuration description and plot cards -
are printed. Cards for a sample case input deck are listed in table I.

Cross-Section Plot Printout

The points of intersection of the cutting plane and the given body may be printed as
specified on the cross-section plot card. The actual points in the original coordinate
system, the actual points in the scaled coordinate system, the rotated and projected points
in the original coordinate system, and the rotated and projected points in the scaled
coordinate system may be chosen for printing or printing of the intersection points may
be omitted entirely. Since the plane of intersection is always transformed into the
YZ-plane, the rotated x-coordinates should be all zeros. The equation of the plane is
also printed.

Plot Vector File

A plot vector file is generated during execution of both plot options — three-
dimensional orthographic or cross sectional. The plot vector file can be postprocessed
on the same computer run or at a later time for the desired plotting device.

MACHINE SETUP

This program was written in FORTRAN Version IV for Control Data series 6000
computer systems with the Scope 3 operating system and library tape as modified for the
Langley computer facility. Tape unit 5 is used for input, unit 6 for output, and units 7
and 10 for intermediate storage. Approximately 60000 octal locations of core storage
are required and the processing of information for one plot is less than 1 minute of com-
puter time.

OPERATIONAL DETAILS

The graphic output system at Langley Research Center is in two parts: (1) a device
independent graphic language which produces a plot vector file containing only plotting
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commands, and (2) a set of postprocessors which format the output of the graphic language
to a particular graphic device or devices.

Subroutines PSEUDO, NFRAME, NOTATE, and LINE are the basic subroutines used
from the graphic software package. Subroutine PSEUDO causes the necessary parameters
and linkage to be set up to output a device independent plot vector file for postprocessing
for a particular plotting device. Subroutine NFRAME provides a means of executing a
frame advance movement. Alphanumeric information for annotation and labeling is drawn
by subroutine NOTATE. Subroutine LINE draws a continuous line through a set of succes-
sive data points where the minimum values and scale factors are stored at the end of the
data arrays.

CONCLUDING REMARKS

A computer program has been written to define mathematically an arbitrary curved
surface in surface-patch-equation form. Although the program is oriented toward air-
craft configurations, it can be used to model mathematically any three-dimensional object
by using an alternate data input format. Parametric cubic spline curves are fitted to the
input data points to define the boundary-curve slopes. These slopes and the corner points
are the necessary components of the surface patch equations. Program options include
the application of three-dimensional rotation equations directly to the patch equations for
plotting the surface at any desired viewing angle and the solution of a number of patches
and a plane for generating cross-section or contour plots of an object or surface. Output
from this program has been used to drive Calcomp, Gerber, and Varian plotters. The
program has also been used for on-line display on a cathode-ray-tube device. |

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., February 28, 1975.
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APPENDIX A

PARAMETRIC CUBIC SPLINE SPACE CURVES

The derivatives in u and w at the corners of the surface patches are required
for the surface equation. The grid points which determine the boundary curves are fitted
in the w-direction and then in the u-direction for computation of the derivatives. A
parametric cubic spline curve fit technique by Timothy E. Johnson of Massachusetts
Institute of Technology is used.

Parametric cubics are the lowest order polynomial with the property of being able
to twist through space. The spline curve exhibits the usual meaning of smoothness by
minimizing curvature. Parametric curves are not sensitive to infinite slopes.

For purposes of completeness a brief description of the method follows as well as
an explanation of the calling sequence for Subroutine SPFIT which utilizes this method.

A series of adjacent polynomial segments between each pair of given points is
used to represent the curve.

The component cubic parametric equations are

_ A3 2
X(t) = Agt® + Byt? + Cyt + D

_ a3 2
Y(t) = Agt® + Byt® + Cyt + Dy

Z(t) = At + BLt2 + Cit + D,

where all operations are performed once on each component equation.

The component equations will be represented by

2

P(t) = At3 + Bt + Ct + D (1)

The tangent parametric slopes at each point define the coefficients of the cubic seg-
ments and must be determined so that the tangent slopes give a smooth curve.

The given points Py, PZ’ c e Py have the corresponding tangent slopes
P']", P'2, C ey P;l and the independent variable t varies sothat 0st=L where L
is the chord length between the given points. (See sketch (f).)
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APPENDIX A

Sketch (f)

The boundary conditions for one cubic segment P(t) can be written as

P(0) = P,

P(Ll) = P,

dP(t) '
Py

dt,_

dP(t) _ pr

dt,_ 2

=1

The coefficients of equation (1) can be written in terms of the end points and para-
metric slopes for a given segment

P(0) = D; = P,

dP(t) _ ~ _
dt_, 1701
t=0

and

3

2
~+BL1

P(Ll) = AL + P'lLl +P; =P,

dP(t) _ 3AL, % + 2BL, + P = P

dt,
t=L,

Solving the last two equations yields
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APPENDIX A

\ T
A - 2(Py-Py) Py Py
17 3 "L.2 L.2
Ly Ly 1

3(Py - P,) ) 2P) ) fé

B, =
1 2
L1 Ll L

1

The coefficients for each adjoining segment are found in the same manner.

The adjacent cubic segments can be related by setting the second derivatives equal
at the common points.

For equal second derivatives at P2

a?p(t) _ d®p(t)

2
a9

Substituting the expressions for A and B into equation (2) and collecting terms give
in terms of the unknown slopes: '

LyP} +2(Ly + Ly) Py + Ly Py = 3514_2[%12(1)3 - Py) + L22(P2 - Plﬂ

This equation may be written over all segments in matrix notation:

-

9 r ' -
2 2
Ly 2(Ly + Ly) n O Pyl |3 /LlLZ[L1 (Pg - Py) +Ly*(Py - Plﬂ

\ 2 2
Ly 2(Ly + Ly) L,y P, 3/LZL3[L2 (Py - P3) + Ly"(Pg - Pzﬂ

. , 2 2
E’n E/Ln-ZLn-l[Ln-z (Pn-Pp) + Lo-1{Pn-1 - P“'Z)]
i . 2
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Since there are two more unknowns than there are equations, the second derivatives at
P; and PN are made equal to zero. The Thomas Algorithm, which is equivalent to
Gaussian Elimination without pivoting, is used for solving the tridiagonal matrix. The
cubic coefficients are normalized so that the parametric space for each curve segment
varies from 0 to 1:

A' = ALS
B' = BL?
C' = CL
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BICUBIC SURFACE PATCHES

This appendix is a brief description of the surface patch method used in pro-
gram D3400.

The x-, y-, and z-coordinates of surface points are functions of two variables
u and w:

X = f(u,w)
Y = g(u,w)
Z = h(u,w)
V=(XY 2

The vector V(u,w) is a function of the two variables, u and w, which take on only the
values between 0.0 and 1.0. '

The method builds a surface by joining surface ''patches." A surface patch can be
thought of as a portion of a surface bounded by four space curves: (0,w), (1,w), (u,0),
and (u,1).

The surface patch equation used is
V(u,w) = UMBMtwt
where
U= [u3 u2 u 1]
W= [:w3 we  w 1]

(V0,0 VO V00 V0]

v(1,0)  V(1,1) V(1,00  V,(1,1)

o=
I

Vy0,00  Vy(0,1) V(0,0  V,0,1)
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This 4 X 4 matrix is called a boundary matrix as it contains only geometric properties
from the boundary curves: corner coordinates, corner slopes, and corner twists. (The
corner twists are all made equal to zero in the present application.) These quantities
are constants and grouped systematically in the matrix.

The blending function matrix M provides a blending effect from one surface patch
into an adjoining patch

(2 -2 1 1
-3 3 -2 -1

0 0 1 0

1 0 0 0

“— !

Since the matrix product MBM! is constant, the pre- and post-multiplications are
performed and the equation stored as S = MBM! for further computer processing. It is
a simple matter, then, for writing an expression for u with w held fixed or u held
fixed and w varying.

For a detailed development of the surface patch équation, see reference 1. Refer-
ence 2 presents the bicubic form of the surface patch equation as used in this report.
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DESCRIPTION OF FILE AND METHOD OF STORAGE

FOR SURFACE PATCH EQUATIONS

Program D3400 computes and stores by columns of the surface grid the patch
matrix equations using the previously stored lines of grid points. A disk file is used for
temporary storage of the elements of all the patch matrix equations.

The elements and certain other information are written in binary on disk unit 7 in
the following format. FORTRAN names from the given program are used for illustration.

Record Name
1 ABC(8)

2 XMIN
XMAX
YMIN .
YMAX
ZMIN
ZMAX
NOBJ

3 (for NOBJl)
NSURF
M1
M2(2)
M3
M4

(for NSURF, )
N1 '

N2

N3

N4

N5

5 PATCH (4,4,3)

N

Purpose

Identification

Minimum X of the entire body
Maximum X of the entire body
Minimum Y of the entire body
Maximum Y of the entire body
Minimum Z of the entire body
Maximum Z of the entire body

Total number of objects (or components) to form the
complete body

Number of surfaces in object

Not used

Name of object (for printing only)
Not used

Not used

Number of rowwise patches (NCOL - 1)
Number of columnwise patches (NROW - 1)
Not used

Not used

Not used

48 elements of a patch equation are written by columns
as one record

(Record 5 is repeated for N1 x N2 patches taken by columns over the
surface grid)

(Records 4, 5, and so forth are repeated for each NSURF from record 3)

(Repeat record 3 for each NOBJ as given in record 2 and repeat records 4,
5, and so forth as required)
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ORTHOGRAPHIC PROJECTIONS USING
SURFACE PATCH EQUATIONS

The orthographic projections illustrated in this report are created by rotating each
patch element to the desired viewing angle, transforming the rotated patch into a coordi-
nate system in the plane of the paper, and computing actual coordinates from the patch
equation. The body coordinate system is coincident with the fixed system in the plane
of the paper when all the rotation angles are zero; for example, the configuration X-axis
and Y-axis would coincide with the paper for plots in the X'Y' paper plane.

The rotations of the body and its éoordinate system to give a desired viewing angle
are specified by angles of yaw, pitch, and roll (¢, 6, and ¢), shown in sketch (g).

v

© Pitch

( & Roll

Sketch (g)

The equations used to transform the patch equations defining the body with a set of
rotation equations (¢, 6, and ¢) into the desired paper plane are

S;{ = S (cos g cos ¥) + Sy(-sin Y cos ¢ + sin § cos Y sin ¢)
+ 8,(sin ¥ sin ¢ + sin 6 cos ¥ cos ¢)

SS, = S,(cos 6 sin y) + Sy(cos Y cos ¢ + sin 9 sin Y sin ¢)
+ 8,(~cos ¥ sin ¢ + sin ¢ sin ¥ cos ¢)
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\ . .
Sy, = Sx(-sm 0) + Sy(cos 6 sin ¢) + Sz(cos 6 cos ¢)

Each element of the patch equation is rotated to the desired viewing angle and then
transformed into a coordinate system in the plane of the paper. Only two of the preceding
equations, determined by the desired paper plane, are used and result in a two-component
patch equation.

The body surface plots may be enriched to any desired degree. By assigning u a
value between 0.0 and 1.0, we have two cubic equations in w which may be easily solved
by varying w from 0.0 to 1.0 for the rotated and projected coordinate values of a line
across the patch. In a similar manner, w may be assigned a value from 0.0 to 1.0
resulting in cubic equations in u. By varying u from 0.0 to 1.0, coordinate values are
generated across the patch in the u-direction.

An optional hidden-line test is incorporated into the program which may be used to

provide the capability of deleting most elements on the surface of the configuration which

would not be seen by a viewer. No provision is made for deleting portions of an element
or components hidden by other components.

The surface vector normal to the paper plane is computed at each interpolated point.
(See ref. 1,) If the surface vector is positive, the computed point faces the viewer and is
visible; if the surface vector is negative the computed point is not visible and is not
plotted. With

U=(X, Y, Zyg=|= 8z

aX §X 97
ou au ou

- =|3X oY 92

W= EXW Yy Z“a ow aw aw:]

For one surface, the surface normal vector is
N=UxW=(Jx J I2)

where

u u
Jy =
Yy Zy
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Zy %y
Jy=

Zy Xy

X, Y,
Jy =

Xy Yy

The visibility of the point under consideration is determined by evaluating only the
Jacobian outwardly normal to the paper plane at the point.
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CROSS-SECTION OR CONTOUR PLOTS USING
SURFACE PATCH EQUATIONS

By using both the surface patch equation in the form
V(u,w) = USWT

where the components of the 4 X 4 matrix S are ESX S
and the equation of a plane

v Sz:] (see appendix B)

ax + by +cz -d=0.0

and equation of the intersection of the plane and the patch surface may be written. Sub-
stitute x = USXWT, y= USyWT, and z = USZWT in the preceding equation so that

UfaSy + bSy + cSJW ' - d=0.0

The matrix [G:] = [aSX + bSy + cSz] is composed of constant elements and may be eval-

uated for an equation in the two variables u and w
uGwT = d

By assigning values to w, a series of cubic equations in u are solved for points on the
intersection curve of the surface with the plane or values may be assigned to u for
cubic equations in w to solve for the intersection curve. (See ref. 1.) Only one solution
for a curve of intersection is allowed.

The points of the curve of intersection are then rotated and translated so that the
‘plane of intersection coincides with the YZ-plane of the paper. The method for rotation
and translation follows.

Sketch (h) illustrates the transformation system established by the 3 input points
used to define the cutting plane.
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Sketch (h)

The translated and rotated coordinate system used for plotting is shown in sketch (i).

Z/

\

[
0 (xo, yo, zo)

Sketch (i)

Sketch (j) illustrates the choosing of three points on a cutting plane when the method
of defining the plane is by the input of an X-intercept, a roll angle 6, and a Mach number.

XGF One-quarter of Mach cone
EFGHIJ Lies in plane parallel to YZ-plane
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JXH Mach plane, tangent to cone along IX
1IE Projection onto plane JHE of normal to Mach plane at I

To locate three points on the plane:

Point X Y Z
P, X 0.0 0.0
Py X-C 0.0 1.0
Py X-B 1.0 0.0

where the equation of the plane is expressed as AX + BY + CZ =D with

g=yM%-1, A=1.0, B=-Bcosh, C=-Bsing,and D=X
VA
"\
> Y
J
Pz o
X-intercept
1:’3
G
I

Sketch (j)

By using the three input coordinates that define the cutting plane, two diagonal vec-
tors may be formed with the components:
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Tix=%3-% Tiy=9¥3-71 Tiz=23-%
- Tox =%3 - %y Toy =¥3 - Y3 Tyz =23-29
The cross products of the diagonal vectors give
Nx = TayT1z - T1yTez

N T

v = T1xTaz - ToxT1z

Nz = ToxT1y - T1xTaoy

_ which when divided by N = \/ NX2 + NY2 + NZ2 yield the unit normal vector n of the

cutting plane

N
n=_X
XN

N
n. = Y
Y N
N
n, = —2
Z° N

To determine the coordinate system for plotting, two unit vectors lying in the cutting
plane are needed

v 2 hix v - D1y v - hiz
1IX™ " 1Y ~ T 12z~ T
where
2 2 2
and
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Vox = "yY1z ~ "zV1y
Voy = MzVix T "xV1z
Voz T PxV1y T yVix
The transformation matrix becomes

(~ =

a1 212 a3

(4) - 221 222 223

where
411 = Px 412 =y 313= g
C321 TVIX vazz =Viy 22371z
231 = Vex 2327 V2y 2337 Vaz

The origin of the reference coordinate system is transferred to the first point given
in defining the cutting plane

”x(ﬂ "xﬂ
vo|=(4)| ¥4

LZ 0-4 LZ 1.4

The transformation from the reference to the paper coordinate system is accom-
plished by: '
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SIMPLE CAMBERED CIRCULAR BODY

1

TABLE I.- SAMPLE CASE INPUT CARDS

6 5 1 5

9494,

Oe 20, S0e 70 100,
82¢30 5405 Oe 180,100
114¢1999.90 -e45 142,351
15798 19,80 =185 98+570

239618 46,20 ~2.80 36.719

269¢23 59,40 =-4.30 15670

282400 66600 =4440 7,400

3e6 275 ~3e¢45 -6.8 -9e4
Oe 135 -1e2 ~3445 -648
O. «72 e0875 -.7825 -~-2.173
O. «248 311 2995 « 2385
0. —e043 -,090 -,110 -.1224
Oe —e0325 -6e075 =100 -41324
O. 1.069 1,518 1e451 O

Oe «889 16272 1e136 O.

O, « 886 14294 14087 O

O, . «880 16375 lel155 0.

Oe «880 14375 1e155 O.

Oe « 880 14375 14155 O,

Oe 70. 130, 200, 2604
704 7.Q 1025 -7045 ~10e2
Oe 96, 98. 79 62
24140 31475 =360

Qe 12 240 34,5

2292 2479 3.08 361

25240 47,0 —2e95 353 2854 36
O 30. S0e 70 100.
Oe 76 977 927 Oe

1
10 4o 8e

X Z —-45+ 10, -30.

X Z -45, 10, -30.

X Z 0UT=-4S. 10 ~30.

2

200, Oe Oe 200 Oe le
200, Oe Qe 200+ Oe le
=10, Oe Qe Qe 45 4 1e2
265

-10. Oe Oe 55, 45, 1e2

6

312
-10e2
Oe

4740

200,
200.

6031

le
le

477
15 vu3
1S5 ORT
15 ORT
15 ORT
Oe «30
Oe «30

ol

ol

5
S

6
6

n N

Oe 164PNT
20016OPNT
Oe 16e¢ANG

20¢16e¢ ANG

REFA

XAF 5
WAFORG 1
WAFORG 3
WAFORG S
WAFORG 9
WAFORG1 1
WAFORG12
TZORD 1
TZORD 3
TZORD 5
TZORD 9
TZORD 11
TZORD 12
WAFORD 1
WAFORD 3
WAFORD 5
WAFORD 9
WAFORD1 1
WAFORD12
XFUS 6
ZFuUS 6
AFUS 6
PODORG 2
XPOD
PODR
FINORG 2
XFIN
FINORD

8
8202

8482



Figure 1.- A sample input configuration — simple cambered circular body.
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Input data.

)

a

(

(b) Enriched surface.

Hidden lines omitted.

)

(c

Figure 2.- Aircraft configurations from patch definition.
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Figure 5.- Aircraft configuration cross sections with constant reference.
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