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1.0 INTRODUCTION

~~~~This report describes a general methodology for
digitally storing the three-dimensional shape of geometric

surfaces. This methodology has been developed for application
with the Electromagnetic Compatibility/Intrasystem Analysis
Program ~€M~ /IAP-)~~ Provisions are made for storage of the
surface definition data on the System Data File. ~$-Dr) ’’

~~ The
file bui’der must be thoroughly familiar with the contents of
this report before attempting to collect the geometric data.

.:\

I

1 System Data File (SDF) for the Intrasystem Analysis Pro?ram
( lAP) , Vol. I - Description , Atlantic Research Corporation ,
RADC Contract F30602-77-C-0126 , December 1979.
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2.0 PURPOSE OF SURFACE GEOMETRY

EMC analyses often involve conducting surfaces that
are part of the physical system being analyzed . A common example
is the exterior of an aircraft which would be an essential part
of the analysis of the coupling between two antennas on the air-
craft . In general , the surface or some portion of it must be
modeled in some manner depending upon the input data requirements
of the particular analysis code being used.. Some analysis codes
require only a simple representation of the surface. IEMCAP ,*

for example , represents a surface by simple , generic shapes :

plane , cylinder , and cone . Other codes -e.g., GEMACS ,** and
those employ ing the geometric theory of diffraction - need a more
accurate representation of the actual surface shape. With the

need for greater accuracy in EMC predictions has come the develop-
ment of more refined techniques by analysis codes for treat5ng
actual surface shapes. As a result , a greater quantity of surface

H definition data is required for input to these codes. This can
place an excessive burden on the user , particularly if he must
manually prepare the x- , y- , and z-coordinates of hundreds or
even thousands of points which define the surface as input to his
program . This can be particularly wasteful to the overall EMC

H effort if other EMC users studying the same system are also pre-
paring data for the same surfaces. It is evident that a data
base containing surface definition data for many systems that are
often analyzed could be highly beneficial to EMC analysts. To
this end the SDF has been designed to provide needed electrical

and physical data for specific systems to users .

In the development of the SDF , however , it was necessary
to obtain some type of practical technique which could be used for
accurately representing a large class of surfaces. None of the

* Intrasystem Electromagnetic Compatibility Analysis Program .

**General Electromagnetic Model for the Analysis of Complex Systems .

2
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existing techniques appeared to be completely suitable for use

with the lAP. Consequently a unique methodology was developed

to fulfill the requirements of surface representation for the

SDF. The approach has been influenced by the requirement that

the data are to be organized in a standard structure for digital

storage on a computer file. The design permits easy storage and

retrieval of data from the file and allows reconstruction of the

surface with known bounds on the error.
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3.0 APPROACH TO METHODOLOGY

The class of surfaces which must be accurately
represented by the methodology are real surfaces which are
found on physically realizable structures. Specific examples
of the kinds of structures which are most commonly studied are
aircraft , rockets , satellites , ground vehicles , ground structures ,
frame structures and antennas. In addition , the methodology must
be capable of defining any apertures , windows , doors , and di-
electric panels which may be located on the surfaces .

It is assumed for real surfaces that , in the limit , the
surface is smooth and , except at well-defined edges , is slowly
changing in shape . That is , at any point on the surface , except
at a corner or an edge , a sufficiently small region of the surface
can always be found which is mathematically well behaved. At
these point s the first and second derivatives exist , and thus , the
radius of curvature in any direction on the surface can be deter-
mined.

It has been determine d that the simplest and most
practical method of defining this general class of surfaces is

with points placed judiciously on the surface. The error of
surface point representation is a function of the distance between
points and can be made arbitrarily small by placing the points
sufficiently close together. (Accuracy considerations are dis-
cussed in Appendices A and B.) Ideally , the distances should be
as large as the accuracy requirements allow in order to minimize
the total number of points.

For this methodology the maximum distances allowed

— 

between adjacent points are based on the allowable error in repre-
senting the true surface resulting from linear interpolation
between the points. Consequently, it is necessary that these
connectivity lines between “adjacent” points also be specified
explicitly in the file. The connectivity lines indicate where
linear interpolation between points is valid. In general , linear
interpolation between two surface points for which connectivity4
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is not specified in invalid. The general method for inter-
polating to any point between the defined surface points must
follow the strict guidelines which are outlined in Appendix B.

The overall methodology provides five types of surface
representation . The point representation described above is
Type 1 which is the most general type and can be applied to all
the surfaces. The other types of representations are designed
to greatly simplify the definitions of special types of surfaces
or structures. The five types of surface representations are
the following :

Type 1 - General point definition , applicable
to all surfaces. (e.g., aircraft)

Type 2 - Applicable to cylindrical and conical
surfaces. (e.g, missile)

Type 3 - Applicable to plane-faced structures.
(e.g., rectangular antenna hut)

Type 4 - Applicable to framed structures.
(e.g., antenna tower)

Type 5 - Applicable to spherical or hemispherical
surfaces. (e.g. , storage tank on a
satellite .)

In order for any type of surface representation to be
easily applied to a surface within a given system , it is first
necessary to subdivide the system into an arbitrary number of
elements such that each element contains a distinctive kind of
surface shape . Second , a rectangular coordinate system of
arbitrary orientation is defined for each element . Third , the
surface shape of each element is then defined by an appropriate
type of surface representation .

The following sections of this report describe the
implementation of each type of surface representation in detail.
Particular attention is given to describing the general point
representation (Type 1) since this will be the most widely used
and is also the most complicated of the five types.

5 
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4.0 DEFINITIONS OF GEOMETRIC TERMS

The definitions of several geometric terms which are
fundamental to the methodology of surface representation are
presented below . An example illustrating each of these terms
is shown in Figure 1. (Each of these terms may be preceded by
the word “geometric .”)

Element - A major subdivision of a system.
An element isolates a distinct type
of surface shape from the rest of the
system for the convenience of applying
one type of surface representation .
Each point on the system surfaces must
belong to an element .

Contour - Generally the intersection line of two
surfaces . In most cases a contour will
be the intersection of the surface of an
element with a plane , i.e., a cross-
section cut through the element .
A contour may not include the parts of
an element surface which are defined by
subcontours. A contour may be open or
closed.

Section - A part of the surface of an element .
For an element defined by contours , a
section is the surface between two
adjacent contours. Sections are
bounded by segments and/or contours.

Segment - A straight line which connects two
specified surface definition points.

Surface - A point lying on the true surface.
Definition
Point

Subelement - A portion of the surface of an element .

6
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Subcontour - The intersection of a subelement with
a plane - i.e., cross-section through
a subelement .

Subsection - The surface of a subelement between two
specified subcontours.

Zone - A continuous , closed region on the
surface of an element .

MIPD - Maximum InterPoint Distance . The maximum
straight-line distance permitted between
two connected points.

8
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5.0 DESCRIPTION CF SURFACE DEFINITION TECHNIQUES

This section discusses geometric elements and the
Elemental Coordinate System (ECS), and presents a detailed
description of each type of surface representation.

5.1 Subdividing System into Geometric Elements

The manner in which a system is subdivided into geo-
metric elements is somewhat arbitrary . There is no limit to
the number or sizes of elements. It is principally surface
shape that determines the boundaries of elements. Since the
purpose of forming elements is primarily for convenience , the
subdivision should be done to the extent that the system surfaces
can be relatively easily defined using any of the available
surface representation techniques . The following guidelines ,
however, can generally be applied to any system .

Normally, each separate or unconnected body in a system
is assigned to a different element or elements. The distinct
parts of a system which are connected should usually be assi gned
as different elements. The boundary of an element can be defined
along any line on the surfaces. Normally , the boundaries of an
element will follow natural break or intersection lines. Since
the methodology does not permit the use of more than one type of
surface representation technique within an element , the boundary
of an element should normally be defined at the intersection of
two different kinds of surface shape . Generally , the subdivision
process should attempt to form a cylindrical-shaped surface for
each element .

Figure 2 illustrates the subdivision of an airplane
into various elements. The principal element is the fuselage
with all appendages removed , i.e., wings , horizontal stabilizers ,
rudder , engines , etc . Each of these appendages is assigned to a
different element . The surface of each element is defined or
represented independently of the other elements.

9
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Note that the intersection between the wing and fuselage

elements is a plane which is placed at the beginning of the uniform
wing surface. In this manner the comp lexity of the wing fillet
merging with the fuselage shape is placed entirely within the
fuselage element . If the intersection were placed in the center
of the fillet transition , then both elements would have surface
complexity due to the fillet. This would complicate the surface
definition for the wing element . Also , if the intersection were
made on the fuselage proper thus placing the entire fillet surface
within the wing element , the intersecting surface generally would
not be a plane , thus making the definition more difficult. Norm-
ally, the best choice of intersection between elements is a plane
cut parallel to two axes of the elemental coordinates for one of
the elements and which does not cut through the transition surface
between the two elements.

In some cases it may be desirable to assign the two
halves of a closed surface to two different elements. For example ,
the upper and lower surfaces of a wing or horizontal stabilizer
may be defined as separate elements. Similarly, the interior and
exterior surfaces of an air duct (e.g., jet engine nacelle) may be
defined as separate elements. The classification of surfaces in
this manner permits distinct identification of each surface part
which can eliminate ambiguities during surface reconstruction by
computer software .

5.2 Establishing Elemental Coordinate Systems

A global coordinate system must be established for the
overall physical system. The global system must be a right-handed ,
orthogonal set of ax~s.

After the elements of a system have been defined a
rectangular coordinate system must be established for each element .
Each elemental coordinate system can have any arbitrary location
and orientation with respect to the element and can be either a
right-handed or left-handed system . The coordinates of all points
within an element are to be specified by the coordinate system
established for that element. Since each elemental coordinate

11
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system must be defined relative to the global coordinates of the
overall geometric system , each point in the system can ultimately
be referenced to the global coordinate system .

The coordinate system established for a geometric element
should be placed relative to the element in a position which simpli-
fies surface definition of the element . Some general guidelines for
the selection of an elemental coordinate system are provided below .

For symmetrical elements requiring Type 1 or Type 2
definit ion, it is generally advantageous to place the coordinate
origin on the plane of symmetry . One of the coordinate axes should
be aligned parallel with the princ ipal axis of the element , keeping
in mind that the elemental axis will generally be perpendicular to
the contour planes (for Types 1 and 2). For example , it can be seen -
in Figure 2 that the coordinate axis established for the wing axis
is not parallel to the edges of the wing but is perpendicular to the
fuselage axis. This orientation provides contour planes for the
wing that are parallel to the presumed direction of wind flow over
the wing. It is assumed that the wing profiles as provided by the
manufacturers are normally defined in these planes. The orientation
of the coordinate system as shown simplifies the surface representa-
tion .

The use of negative coordinates can be minimized for an
element if the coordinate system is placed at a corner or tip of
the element such that the maximum amount of the element surface has
positive coordinate values.

It is possible for two or more elements to utilize the
same elemental coordinate s)Tsteni. In the extreme , all elements of
the system may be referenced to one coordinate system --  e.g., the
global coordinate system . If a manufacturer defines his system in
terms of a global coordinate system , the same coordinates may be
used in the SDF by specifying no transformation for each of the
elemental coordinate systems .

12
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5.3 Type 1 Surface Representation

The Type 1 surface representation is a point definition

method app licable to all surface shapes. There is no theoretical

limit to the accuracy associated with this method . However , it is

not practical to apply Type 1 definition to a frame structure

(Type 4) unless the surface description of each frame member is

needed.

The methods of applying Type 1 point definition to
element surfaces is described in the following subsections .

5.3.1 Establishing Contours

The primary purpose of using contours is to facilitate
the organization of surface definition points. Contours represent
paths of surface definition. All surface definition points must
lie on contours (or subcontours). In general , a series of contours
must be established along the element . The contours may be chosen
in any manner which provides the simplest and most practical means
of describing the surface. Element contours should usually be
formed by the intersection of a series of parallel planes which
are perpendicular to an axis of the elemental coordinate system ,
as illustrated in Figure 2. This axis should also be the princi-
pal axis of the element. For a general doubly-curved surface ,
such as an aircraft , the use of parallel plane contours is re-
commended. The advantage of defining parallel p1~’ne contours
perpendicular to an axis is that one coordinate value of all

points on each contour is constant . In most cases , this will

simplify data collection and data storage on the file. Also , this
arrangement of contours will simplify future data extraction from
the file of the required points defining any specified region of
the surface being analyzed.

It is not essential , however , that the planes be perpen-
dicular to an axis , nor is it essential that each contour lie in a

plane . For example , the intersection of two cylinders is generally
non-planar but defines a distinct contour .

13
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It is expected that the choice of a particular contour
will also depend largely upon the geometrical data available by
the manufacturer of the system .

The single points defining the two extreme ends of an
element are also considered as contours - they being the first
and last in the series of contours for the element . (See Figure 1)

A designated contour must consist of one continuous
curve. If the intersection of a contour plane with a surface
forms two disjoint contours (e.g., interior and exterior surfaces
of an air duct) each contour line must be assigned a different
contour number.

The spacing between contours must be sufficiently small
so that the curvature of the surface between them is defined satis-
factorily. The spacing between two adjacent contours cannot
exceed the minimum MIPD (maximum interpoint distance) for the
surface section between the contours (see Appendix B). For a
given accuracy criterion , the MIPD between contours is determined
from the radius of curvature of the surface along a path perpen-
dicular to the contours . Since the curvature is generally differ-
ent at all points on a surface (for a given direction) , there
generally exists a different MIPD for each point along either
contour . Since the contour spacing cannot exceed any MIPD (as
defined above), the spacing must not exceed the minimum MIPD .
Thus, the spacing between two contours is based on the smallest
radius of curvature that exists for the surface between the
contours (as measured on a path perpendicular to the contours).
An extreme example is the case of an aircraft wing . Since it
appears that the wing surface can be generated by a straight-line
(i.e., a ruled surface), the principal surface can be defined by
two contours, as seen in Figure 2. Each contour contains the
same number of defining points which are connected respectively
by straight lines. Thus, as long as the segments connecting the
points represent the true surface , the spacing between the contour
planes is not limited. For this situation , the MIPD is infinite.

14



In the determination of element contours , those portions

of the element which will be defined by subcontours should be

excluded from the surface (i.e., the surface should be treated as

if the subelement(s) were removed).

5.3.2 Establishing Surface Definition Points

The surface must be defined by the x- , y- and z-

coordinates of a discrete set of ordered points along each contour .

The straight-line distance or spacing between adjacent points must

not exceed the MIPD as determined by the minimum radius of curva-
ture along the contour between the two points. The consecutive
order of the points must be preserved in the data storage , as the

ordering of points for each contour helps to minimi ze the amount

of data storage. A contour may be open or closed. For an open
contour there is no connectivity between the first and last points.
For a closed contour there is an assumed connectivity or segment
between the first and last points.

The selection of points on a contour cannot be made
entirely independent of the points on adjacent contours , as the

connectivity between points of adjacent contours must also be
specified . The length of a connectivity line cannot exceed the
MIPD based on the minimum radius of curvature of the surface in
the direction of the line . A connectivity line or segment perpen-
dicular to two adjacent contours is valid since the spacing of the
contours was based upon satisfying the MIPD for this condition.
Thus , if in the development of surface definition , points can be
selected along adjacent contours such that their connectivities
are perpendicular to the contours, the connectivities are valid
and no verification should be necessary . However , an intercontour
segment which is not perpendicular to the contours may exceed the
MIPD for its direction . Generally, the diagonal of a quadrilateral
patch formed by four valid segments is not a valid segment . The
significance of a valid segment is that the distance from any point
on the segment to the true surface lies within the specified accur-
acy bounds . Thus , valid segments may be used for interpolation
between points.

15 
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It is not necessary , however , that there be one-to-one
correspondence between the points of two adjacent contours. The
two contours may have an unequal number of points. Figure 3
illustrates two possible means of specifying connectivities
between two contours having an unequal number of points. It is
valid for a point to have connectivity with only one adjacent
contour as shown in Figure 3a. This preserves the quadrilateral
patches provided there is valid connectivity between points 2
and 4 of contour C2. It would be invalid to permit patch A to be
defined by 5 segments. The interpolation within the interior of
a patch having more than four sides is undefined . It is valid
for a point to connect to more than one point on an adjacent
contour as shown in Figure 3b. The result is the formation of a
triangular patch , which is valid.

The first defining point on a contour should be located
at a convenient reference. For example , if the element is symmetri-
cal and requires only one-half definition , the first and last
points of each contour should lie on the plane of symmetry . In
general , the first point of an open contour should lie at one end
of the contour . Where possible , the first point of every contour
should be located at the same reference (e.g., plane of symmetry ,
leading edge of open contour , centerline , highest position , etc.)

If a surface contour contains straight-line segments ,
definition points should be placed at the ends of each segment .

5.3.3 Surface Definition of Subelements

Smooth surfaces requiring definition often possess minor
protuberances or localized regions of complex shape which , although
intentional and definitely part of the physical surface , tend to
disrupt the simplistic method of representing the major surface
shape. (See Figure 1) To define these details within the general
surface representation would often result in a significant amount
of redundant data. Consequently, in order to alleviate this problem
and to increase the flexibility of this representation technique ,
the concept of subcontour s and subsections has been developed .

16
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The purpose of a subcontour is to permit surface point
definition of a secondary shape of some part of an element inde-
pendently of the primary representation . It is assumed that the
secondary shape can be removed from the element in order to
simplify the representation of the element . The secondary shape ,
or subelement , is then represented independently without direc t
connectivity to the major representation of the element . Sub -
contour planes are formed in the same manner as for the contour
planes. The spacing of subcontour planes and of the subcontour
points must meet the same conditions as described for contours
and contour points. The interconnect i”ity of all points defined
on a subelement must be established. All x- , y- , and z-coordinates
are given relative to the elemental coordinate system.

As shown in Figure 2, the wing fillet is an example of
applying subcontours. Note that the major portion of the fuselage
is a constant shape (cylindrical) and is defined by widely-
separated contours 6 and 7. This cylindrical shape cannot include
the wing fillet shape ; therefore , the wing fillet details are
defined independently.

The use of subcontours may be applied to either convex
(“bumps”) or concave (“dents”) shapes attached to an element .
Examples of a convex subsection are : a vent , shroud , hinge , wing
fillet. Examples of a concave subsection are : recessed li ght ,
recessed door handle.

Subcontours are intended for describing relatively small
shapes of minor importance which can be omitted from some types of
analyses involving the surface. External shapes which represent
objects of major significance such as antennas , wing braces , aero-
dynamic fins , winch assemblies , etc., should be assigned separate

elements.

5.4 Type 2 Surface Representation

The Type 2 surface representation applies to elements in
which all contours defined by a series of planes perpendicular to
the element axis are circular . The representation for this type of
element requires only the center coordinates and radius of each

18 
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contour. This type of representation is ideal for defining
cylinders , cones, and rods and , thus , is particularly applicable
to describing surface shapes of rockets , missiles , pipes , gun
barrels , straight wires , etc. See Figure 4.

The contour planes must be spaced so that the curva-
ture of the surface between them is satisfactorily defined . The
spacing between two adjacent contours cannot exceed the MIPD for
the surface section between the contours. (See Appendix B) For
a given accuracy criterion , the MIPO is determined from the -

radius of curvature of the surface along a path perpendicular to
the contours .

For cases in which there is no curvature between contours
(e.g., cone , right circular cylinder) the spacing between the
contour planes is not limited.

Subelements on a Type 2 surface may be represented using
point definition as defined for Type 1 (Section 5.3.3). Again , the
subcontours should be applied only to minor appendages or depres-
sions ~n the circular surface. Major appendages such as fins
should be defined as separate elements and defined with Type 1
representation . (Figure 4)

5.5 Type 3 Surface Representation

The Type 3 surface representation applies to an element
having surfaces consisting entirely of plane faces. Examples of
this type of element are boxes , sheds , equipment huts and solar
panels. See Figure 5. It is assumed that all plane faces have
linear boundaries.

Lie representation of these surfaces is accomplished by
a) specifying the x- , y- , and z-coordinates of every vertex and
corner point , and b) defining the boundary segments of each face .
A face of a Type 3 surface is considered as a section in the data
file.

Only the outer boundaries of a face need to be defined.
If a closed , interior reg ion cf a face intersects with other
surfaces , it is not necessary to specify the intersection bound-
aries in the data for the face. The intersection data will be

19
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Figure 4. Examples of Type 2 surface representation.
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specified with the data for the intersecting surface . For

examp le , in Figure 5 the lower left structure contains a box
shape protruding from the center of a wall of the structure .
The lines of intersection of the box with the wall are not
included in the definition of the wall surface since they

are considered to be an interior boundary of the surface.

Windows or holes in a face may be treated as zones

and be defined accordingly . (See Section 6.0) Subelements on

a Type 3 surface may be represented using point definition as
defined for Type 1 (Section 5.3.3).

5.6 Type 4 Surface Representation

The Type 4 surface representation applies to an element
which consists entirely of an open frame structure . Each member
of the structure is assumed to be linear and to have an effec-
tive circular cross section . Examples of this type of element
are antenna towers , certain types of radar antenna structures ,
framework of light aircraft and helicopters , and brid ge trusses.
See Figure 6.

The x- ,y- , and z-coordinates of every point at which
a mechanical or electrical connection is made between members
must be determined. The representation consists of a) the
coordinates of every point , b) the pair of points defining each
member , and c) the actual or effective radius of each member.

Subelements may be defined on a Type 4 surface using
point definition as defined for Type 1 (Section 5.3.3).

5.7 ~~pe S Surface Representation

The Type 5 surface representation applies to an element
consisting of a single spherical or hemispherical surface.
Examples include fuel tanks or pressurized tanks on satellites ,
ends of certain missiles and bomb s, and radomes.

22
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The representation allows for either a complete sphere

or an exact hemisphere. A spherical element is specified in the

data file by the coordinates of its center and the radius.

For a hemisphere , the elemental coordinate system must
be defined with one axis perpendicular to the base. The direc-
tion of the hemispherical surface relative to its base defines
a positive reference direction . Accordingly , a hemispherical
element is specified in the data file by a) the coordinates of
the center of its base , b) the radius , and c) the (positive or
negative) coordinate axis perpendicular to the base in the

H direction of the positive reference.

Subelements may be defined on a Type S surface using
point definition as defined for Type 1 (Section 5.3.3).

The description of more than one Type 5 surface within
an element is not permitted.
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6.0 REPRESENTATION OF ZONES

A zone is a closed portion of a defined surface which
possesses different electrical characteristics than defined for
the surface of the element containing the zone . Typically,
windows and holes in the surface are zones. More generally,
dielectric panels in a metallic surface (or, metal panels in a
dielectric surface) are considered as zones. The importance of
a zone is that electromagnetic energy can penetrate the surface
through a zone (in the case of a dielectric zone in a metallic
surface). For IEMCAP , a zone is an aperture . Zones include
open doorways and non-rf-tight cracks around closed doorways.

The shape of the surface within a zone is defined by
the surface representation for the element . A zone is defined
by its boundaries which are superimposed on the existing defined
surface .

For purposes of representation , two classes of zone
definitions are available : fixed and local. All zones can be
described using the fixed zone definition . Generally, the fixed
zone definition is applied to zones which have a unique shape
appearing only once on an element . All x- , y- , and z-coordinates
for the fixed zone are given in terms of the elemental coordinate
system . The local zone definition applies to a specific zone
shape which has multiple occurrences on an element. The shape
of a local zone is defined by an independent or Local x , y (plane)
Coordinate System (L.C.S.). The location of each local zone is
given by the elemental coordinates of the origin of the zone L.C.S.
on the element surface. For example , a row of 100 identical
passenger windows on the side of a fuselage can be represented
by defining the window shape once in local coordinates and specify-

ing the coordinates of each window location. The local zone method

of representing a zone should be applied only to zones which are

small in relation to the curvature of the surface on which they

lie in order that their shape can be defined with reasonable

accuracy in the x-y plane of a local coordinate system . The local

25
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coordinate system is two-dimensional only and , thus, cannot
describe any curvature of the zone surface. The origin of the

local coordinates should be placed at the geometric center of
the zone shape. Therefore , the location of each local zone is
specified by the elemental coordinates of the geometric center
of each zone on the element surface . The surface curvature
defined for the element at the location of a local zone is

assumed to define the curvature in the zone.

Four types of zone shape definitions are available ,
as follows . See Figure 7.

Typ e 1 Zone Definition. Point definition along boundary.

This type applies to zones having a continuous , closed area within

the defined boundary.

Type 2 Zone Definition. Circular definition . This is a
special case of Type 1 definition which applies only to a circular
zone . Definition consists of specifying the radius and the coor-
dinates of the center.

Type 3 Zone Definition. Point definition along center-
line of a closed strip. This type applies to a zone having the
shape of a strip that forms a single , closed loop on the surface.
An example is a continuous RF opening or crack around a closed
door. The zone is defined by a) the coordinates of points along
the centerline of the strip on the element surface and b) the
average width of the strip. Since the zone strip is closed there

is an assumed connectivity between the first and last points.

Type 4 Zone Definition. Point definition along center-
line of an open strip . This type is identical to Type 3 with the
exception that the centerline of the zone strip is not closed-
i.e., there is no connectivity between the first and last points.
An example of this type of zone is an RF crack which extends
only part way around a door.

For all zones which require point definition , the spacing
between points should not exceed the MIPD based on the radius of
curvature of the zone boundary measured in a plane tangential to
the surface of the element.
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Figure 7. Illust ration of types of zone definit ion .
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7.0 SYMMETRY , TRANSLATION AND REFLECTION
OF GEOMETRIC DATA

For purposes of simplify ing data collection and reducing
data storage requirements , advantage can be taken of the possible
symmetry and congruency of surface shapes. For example , an air-
craft fuselage is generally symmetrical about a vertical plane
lying on the fuselage axis. Therefore , only one half of the
fuselage surface requires definition. The coordinates of all
points on the other half may be derived from the defined or source
coordinates .

Figure 8 presents a summary of the various valid and

invalid combinations of applying translations and reflections to
surface definition .

If an element is symmetrical about a specified plane of
symmetry , it is necessary to explicitly define only one half of
the surface. The other half may be defined implicitly. However ,
implied symmetry may be applied to the data only if the element
coordinate system is established with the origin in the plane of
symmetry and with one axis perpendicular to the plane .

If two element s have identical shapes , the surface of
only one requires explicit definition ; the other element may be
derived by translation . The data defined explicitly are called
the source data , and data defined implicitly are called the derived
data. In order for an element translation to be valid , the ele-
mental coordinate system established for each element must have the

same relationship with its respective element. In this manner
the source data are translated within the global coordinate system
by the translation of the elemental coordinate system and not by
the translation of elemental coordinate values. The translation
of element surface data to another element may include rotation
since there is no restriction on the relative orientations of the
two coordinate systems for the elements.
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Finally, if the sur face  shape of an element is an exact
reflection of that of another element , only one of the elements
requires definition . The other elemen t may be defined by re-
flection provided the elemental coordinate systems for the two
elements have been properly established . The reflection data are
derived by negating a specified coordinate value of each data
point of the source data. For this case it is not necessary to
define a reflection plane , as it is possible that one may not
exist. There is no restriction on the relative orientations of
the two reflected elements. The reflected relationship is
possible only if the respective coord inate systems have the same
(reflected) relationship with their respective elements. However ,
both coordinate systems must be either right-hand or left-hand.
Therefore , the reflection of an element can be seen to be a
translation (with possible rotation) of the elemental coordinate
system followed by a negation of a specified coordinate value for
each point .

The selection of the elemental coordinate systems in
relation to the defined elements has a direct impact upon the appli-
cation of symmetry , translation and reflection techniques.

The translation or reflection of element data does not
automatically transfe r subelement or zone data which may exist with
the source element . If the surface definition of an element is
derived from that of a source element , the transfer of any sub-
elements or fixed zones of the source element may be specified .
The type of transfer of subelement and fixed zone data must be the
same type of transfer made for the element data.

If a subelement or fixed zone is symmetrical about the
plane of symmetry of the symmetrical element on which it lies ,
such subelement or zone may be dec l ared symmetrical and therefore
needs to be defined explicitly on one side of the plane only.

For the case of two disjoint subelements or fixed zones
lying on opposite sides of a symmetrical element such that the two
subelements or zones have identical reflected shape about the plane -

of symmetry for the element , only one requires definition and the
other may be derived by reflection. It is necessary that the
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subelements or zones be assigned unique identification names.
See Figure 8, Reflection of Subelement and Fixed zones. J

If two elements which relate through reflection (with
possible translation and rotation) contain subelements and/or
fixed zones which also relate by reflection between the two
elements , as illustrated in the second examples under Reflec-
tion of Subelements and Fixed Zones in Figure 8, only the sub-
element s and/or fixed zones on the source element require
definition .

The data for a subelement or a fixed zone may not be
translated within an element , but may be translated with a trans-
lation of the element .

There are no provisions in the methodology to apply
symmetry techniques to a local zone having a symmetrical shape .
The zone shape must be defined explicitl y in its entirety . Also ,
the methodology does not allow for a local zone shape to be
derived from the reflection of another local zone shape. A
defined local zone shape may , however , be translated or applied
to any other point on the surface of the system , provided the
radius- of curvature at the point is suitable and valid reference
axes can be defined.

Chained data transfers are not permitted. That is ,
only one level of source data is permitted for a given surface.
A specified source element cannot also be derived from another
element . This rule applies to elements , subelements , and zones.
For example , a translation followed by a reflection , illustrated
in Figure 9a , is not allowed since the source element of E3 is
E2 which is not the ultimate defining source. Elements E2 and

E3 can both be derived from El which is the defining source , as
shown in Figure 9b.

It is permissible to translate or reflect a symmetrical

elemen t , as illustrated in Figure lOa; however , the transfer  of
symmetrically placed subelements or zones on the source element

cannot be fully transferred with the transferred element . A

solu tion , shown in Figure lOb , is to explicitly redefine the
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subelemen t on the transferred elemen t and r e f l ec t this subelemen t

source to the other side . Bo th elemen ts mus t be declared symme tri-
cal .

It is assumed that all connectivities specified in the

source da ta are also transfer red  wi th any translat ion or reflec-
tion of surface definition points. In the case of an element

having a symmetrical surface , however , it is invalid for a connec-
ting segmen t to cross a plane of symme try .  Therefore , surface
definition poin ts mus t be defined at the intersec tions of con tours
(and subcontours) with the plane of symmetry in order that the
boundaries of the source da ta are defined on the p lane of symmetry.
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8.0 SUBSCUEMA FOR SURFACE GEOMETRY

A l l surface  geome try defini tion data are intended to
be stored in the lAP System Data File (SDF). Accordingly, a

subschema for these data has been designed and is described in

this section. The reader is assumed to have a thorough under-

standing of the System Data File (SDF))-

A diagram of the subscheina is presented in Figure 11.

The leading set GEOMELEMENT contains the data defining each

element of the system. The elemental coordinate system (E.C.S.)

is defined by 12 attributes . Under this set are four branches.

The branch containing set SURFCONTOUR defines each element con-

tour and stores the coordinates of every contour point . The

subelemen t data are stored in the second branch. The third

branch with set SURFSECTION defines the connectivities or seg-

men ts be tween con tours and subcon tours and includes da ta speci-
fy ing the in tersec tions wi th other elemen ts. Final ly,  all  zone
data for the element are stored in the fourth branch , SURFZONE .

An attribute list for the subschema , g iven in Appendix
C, shows the attributes ordered under their respective sets.

Following each attribute name is the field size (where C = alpha-
numeric charac ter , R = real number , I = integer) and the defini-

tion. Additional descriptions of various attributes are provided

in the Notes referred to in the attribute list. The subschema

(Figure 11) and the attr ibu te lis t are also presen ted in the
report describing the system data file.’

Tables 1 and 2 provide a summary of the optional values
permitted for some of the attributes of the surface geometry

schema . In these tables , where an attribu te is not app licable ,

a zero value is shown (without optional values); however , if all
attributes in a set are non-applicable , dashes are entered to,
indicate that the set is empty .

System Data File (SD?) for the intrasystem Analysis Program

L 

(lAP) , Vol. I - Descript ion , Atlan tic Research Corpora tion ,
RADC Contract F3 0602 77 C 0126 , December 1979.
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APPENDIX A
SURFACE ACCURACY WITH POINT DEFINITION
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APPEND IX A
SURFACE ACCURACY WITH POINT DEFINITION

The major concern with point definition is the quantity
of points required to define a large surface. The quantity is
directly related to the accuracy with which the surface needs to -
be described between points. The given points are assumed to lie
exactly on the surface and , thus , are “perfectly ” accurate. The
surface is not defined between the given definition points;
consequently, any interpolation process will generally provide an
estimate of the surface . It is important to know the accuracy or
the to’erance limits of points calculated by interpolation.

Clearly, the higher the accuracy requirements the closer
the defining points must lie in both dimensions on the surface.
As an example , the total surface area of a Boeing 747 aircraft is
approximately 28,000 square feet. Since the craft is symmetrical ,
only 14,000 square feet  requires definition . If the average spacing
of the definition points is one per square foot , then 14,000 points
are required. If the spacing is only 6 inches between points or

one-fourth square foot per point , the total number of points is

quadrupled to 56 ,000. The surface , however , does not require
uniform definition. Typically ,  much of the large area sections of
an aircraft are relatively smooth and capable of being represented

by strai ght lines. Thus , a cylindrical type of sectioning can

usually be applied to fuselages , and general conical sectioning
can define wing shapes) Fortunately, these sectioning methods
require a minimal number points to define the largest areas of
the craft.

Consider the significance of the accuracy resulting from
straight-line interpolation between points. Figure Al shows a
straight-line drawn between two points on a circular arc of
radius R. The arc length between the points is s, and the mid-
point difference between the chord and the arc is d which repre-
sents the maximum error. We wish to de termine the dis tance s
between the points as a function of R and d.

1 Lidbro , N., “Modern Aircraft Geometry ,” Aircraft Engineering ,
Nov. 1956 , pp. 388-394.
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9

Figure Al. Geometry of error due to straight—line
interpolation between two points on a
circle .

From Figure Al it is seen that

c o s O—  — l — ~~~

also , 0 ~~~ (rad ians )

Thus , cos (~~~) = 1 —

For 0 small , cos 0 ~ 1 —

Then , 1 — ~ ( S ) 2 
~ 1 —

S .\1~T~i

or s~~ R~~f4
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The first expression for s gives the maximum spacing
between points on a surface of radius R which will result in a
midpoint error not exceeding d (straight line interpolation
assumed). The calculations for errors of 1/8” , 1/4” , 1/2” , and
1” are shown by the solid lines in Figure A2.

The second expression for S is in a form convenient to

express the error in terms of a fraction of the radius of
curvatUre. The spacing for error ratios dIR of .01 , .02, .05
and .10 are shown by the dashed lines in Figure A2 .
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APPENDIX B
LINEAR INTERPOLATION IN SURFACE PATCHES

AND
BOUNDS ON SURFACE ESTIMATION ERRO R

The purpose of this Appendix is to provide user guide-

lines in the applica t ion of quadrila teral  and tr iangular  pa tches
to represent curved surfaces . The vertices of a patch are points

lying on the given surface , and the boundaries are strai ght line
segmen ts spec if ied by connec tivi ties be tween the poin ts.
Par ticular atten tion is g iven to qu adri lateral pa tches , sinc e
they are general l y nonp lanar .

A prac tical and consis ten t me thod of inte rpola t ion to
any interior poin t of a quadri la teral is needed in order tha t the
person defining a given surface within specified limits of
accuracy can provide proper spacing of the da ta poin ts. Fur ther ,

a user who is reconstructing the surface from the data file can
then be assured tha t all poin ts de termined by in terpola t ion wi ll
meet the specified accuracy requirements for estimating the true
surface.

Bi. Linear Interpolation in a Quadrilateral.

- 
Let quadrilateral ABCD (see Figure Bi) be defined by four

straight-line segments connecting the given points in three-
dimensional space. Let straight-line segment PQ intersect opposite

sides of the quadrilateral such that the points of intersection

have the same fractional distance along their respective sides.

Tha t is ,

AP = DQ

The surface genera ted by PQ sweep ing from AD tc BC while aiwa s

main taining the above ratio is a ruled surface. It is not difficult
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to prove that the ruled surface similarly generated by sweeping

RS from AB to DC such tha t

AR = BS

is identical to that generated by PQ. Let the surface of the

quadrilateral , then , be uni qu ely defined as a ruled surf ace genera ted

as descr ibed above .

The process of interpolating within a quadrilateral

essentially involves de termining the X- , Y- , and Z- coordinates

of a point on the quadrilateral surface. The interpolation of a

po int T (see Figure Bl) is valid prov ided I is de te rmined as the
intersection of two lines PQ and RS which satisfy the ratio require-

ments stated above . After determining the ratios

AP AR BSm = — = an d n  = — = —AB DC AD BC’

the coordinates of T can be computed .

For the special case in which lines AB and CD lie in

para l l e l  planes , any in termed iate para l le l p lan e con ta ins  a l ine
on the quadri lateral surf ace , such as RS , which meets the equal-
ratio criterion. The value of the ratio equals the corresponding

rat io of plane spac ings .

B2. Bounds of Surfac e Error for
Quadrila teral Estimation

Let a small region of a doubly-curved surfac e be defined
by surface points ABCD (s ee Figur e B2) .  Le t E1 represent the
maximum error be tween any point on line AB and the near es t po int
on the true surface. S imilarly, E1 represen ts the maximum e r ro r
on segmen t CD , E2 the maximum err or on BC , and E2 the max imum
error on AD. W ith these maximum errors known along the boundaries

of a quadrilateral patch , it is necessary to determ ine a bound on
the max imum error for the inter ior of the patch.
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Let PS represent the maximum error of the patch , where

P is a point lying on the quadrilateral surface , and S is a point
on the true surface. it is assumed that the errors of the bound-

aries combine as shown in Figure B2 to give the following in-

equality of total error:

Et 
< E1 

+ B 2

where Et =

E1 
= MAX(E 1, E1)

E2 
= MAX(E 2 , E2).

This relationship indicates that the max imum error along

any quadrilateral boundary must generally be less than the total

error allowed for the patch. In order to simplif y applicat ion of
the above error inequality, let each error be limited to one-half

the maximum allowable error. Thus , if E = maximum allowable error
specified for the sys tem then ,

E1
<~~~ and E2 <~~~.

in this way we have ,

E

1 

= MAX ( E 1, E 1) <  ~~
-

E2 
= MAX( E 2 , E2 ) <

then Et ~~E1 
+ E2

< F.
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I
Thus , the point spacing must provide at least twice the specified
system accuracy between the defined points in order to ensure

sys tem accuracy at all interpola ted points.

Consequently for a doubly-curved surface , the maximum
interpoint distance (MIPD) needed during development of surface
defini tion , and given by the curves in Appendix A , is to be based
upon one-half the specified surface accuracy required for the

sys tem.

For a singly-curved surface defined by a quadrilateral
patch , e.g . , a cylinder , a irplane wing , there is no curvature in
one direc tion. In this case ,

E1 = E 1 = E 1 = 0

and the total error is given by

B2 
= MAX(F 2 ,  E2).

Thus , E2 < E

will result in meeting the accuracy requirements.

B3. Discussion of Triangular Surface Patches

A triangular patch formed by three straight-line segments
defines a plane surface . Consequently, interpolat ion wi thin a
triangular patch involves determining the coordinates of a point

lying in the plane of the triangle.

Three cases of curved surfaces exist for a triangular

patch , as illus trated in Figure B3. For single boundary curvature

(Figure B3a) the maximum error between the plane and the true
surface is assumed to be E1. For double boundary curvature

(Figure B3b) the maximum error for the patch is considered to be
the maximum of E~ and E~ measured at the boundaries. Finally,

the maximum error Et of triple boundary curvature may be expressed by
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Figur e 83. Examples of a curved surfac e defined by a
triangular patch .

52 

_.- ._ - -
•i

_- . _
~~~~~~~~~~ -_  



~~~~~~~~~~~iIi I

Et
< E l

+ E
2

where E1 
= MAX(E 1, E 1) .

This relat ionshi p is i l lus t ra ted  in Fi gure B3c , where the boundary
errors F1 and E1 are shown with segments AB and AC , respectively .
The selection of the two boundary errors to maximize in the above

equation for a given triangle is somewhat arbitrary and does , in

general , a f f ec t  the estjmate of total error .  As a practical
cri ter ion , let F 1 and E 1 be the two boundary errors which are most
nearly similar for the triangle.

For a maximum allowable error E specified for a system ,
the limit criteria for boundary errors of a triangular patch may
be summarized for the three cases as follows (See Figure B3):

1. Single boundary curvature .

E1 < E

2. Double boundary curva ture .

MAX( E 1, E1) < E

e. Triple boundary curvature.

MAX(E 1, E1) 
< 

~~
.
, where E1 E1

B2
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G E O M E L E M E N T  ( S E E  NOTE 1)
1. EL ID C5 ELEMENT ID .

• 2. XGCS R15 GLOBAL X-C OORD INATE OF ELEMENTAL ORIGIN.
3. YCCS R 15 GLOBAL Y-COORDINATE OF ELEMENTAL ORIGIN.
4. ZGCS R 15 GLOBAL Z-COORDINATE OF ELEMENTAL ORIGIN.
5. ROT1 Ii FIRST AXIS OF ROTATION FOR ELEMENT C .S. IN DEGREES

(O=NO ROTATION , l=X—AXIS , 2=Y—AX IS , 3=Z—AXIS)
6. ANG I R8 FIRST ROTATION ANGLE FOR ELEMENT C.S.
7 .  ROT2 I i  SECOND A X I S  OF ROTATION FOR ELEMENT C . S .  IN DEGREES

( O = N o  R O T A T I O N , l — X — A X I S , 2 = Y — A X I S , 3 = Z — A X I S )
8. AN G2 R8 SECOND ROTATION ANGLE FOR ELEMENT C.S .
9. ROT3 Ii THIRD AXIS OF ROTATION FOR ELEMENT C.S . IN DEGREES

(O=NO ROTATION , 1=X—AXIS , 2=Y-.AXIS , 3 = Z — A X I S )
10.  ANG3 R8 T H I R D  ROTATION ANGLE FOR ELEMENT C . S .
11. DIRX 12 X-AXIS REDIRECTION FOR ELEMENT C.S.

(+ OR - l ,2,3=NEW X ,Y OR Z D I R E C T I O N )
12. DIRY 12 Y-AXIS REDIRECTION FOR ELEMENT C.S.

(+ OR - l ,2.,3=NEW X ,Y OR Z D I R E C T I O N )
13. DIRZ 12 Z—AXIS REDIRECTION FOR ELEMENT C.S.

(+ OR — l ,2,3 NEW X ,Y OR Z D I R E C T I O N )
14. SYMAX Ii ELEMENTAL AXIS PERPENDICULAR TO PLANE OF SYMMETRY

OF ELEMENT. (O=NO SYMMETRY OR TYPE 5, 1=X-AXIS ,
2=Y—AXIS , 3=Z—AXIS)

15. ELIDS C5 ELEMENT ID OF ELEMENT PROVIDING SOURCE DATA.
(=0 or ELID IF DATA NOT DERIVED FROM ANOTHER ELEMENT)

16. CONEG Ii COORDINAT E AXIS OF SOURCE DATA TO BE NEGATED IF
REFLECTED. (O=NO REFLECTION OR TYPE 5, 1=X-AXIS ,
2=Y—AXIS , 3=Z—AXIS)
APPLIES ONLY IF REFLECTION FROM ANOTHER ELEMENT.

17. CONTYP II. TYPE OF CONTOUR SURFACE DEFINITION (=1 ,2 ,3,4,5)
18. COSTAT Ii ELEMENTAL AXIS PERPENDICULAR TO CONTOUR AND/OR

SUBCONTOUR PLANES , (=1 , 2, 3). APPLIES TO ELEMENT TYPES 1,2
ONLY . (=0 OTHERWISE).

• 19. SKNTYP CS TYPE OF SKIN MATERIAL .
AL ALUMINUM BE8 BORON-EPOXY , 8-PLY
ST STEEL KEV KEVLAR
CU COPPER GL GLASS
GE GRAPHITE-EPOXY PLX PLEXIGLASS
BE2 BORON-EPOXY , 2-PLY NO NO MATERIAL

20. SIGMA R12 SURFACE CONDUCTIVITY IN UNITS OF UNSIG.
21. UNSIG C5 UNIT OF CONDUCTIVITY. (=RELCU , MHOPM , MHOPC)
22. EPSR R9 RELATIVE DIELECTRIC CONSTANT OF SURFACE.

( R E L A T I V E  TO FREE SPACE)
23. THIK R15 AVERAGE THICKNESS OF SURFACE SKIN IN UNITS OF

UNTHIK.
24. UNTHIK C2 UNIT OF SKIN THICKNESS. (=FT , IN , ME , CM , MM.,

M L ( M I L S ) )
25. SPARG1 R15 SPARE.
26. SPARG2 R15 SPARE.
27. SPARG3 RiS SPARE .
28. SPARG4 IS SPARE .
29. SPARG5 C6 SPARE.
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SURFCONTOUR
1. NOCON 13 C O N T O U R  N U M B E R .  A P P L I E S  TO E L E M E N T  T Y P E S  1,2 ONLY

(=0 OTHERWISE) .
2 .  I C L O S E  I i  CONTOUR C L O S U R E  I N D I C A T O R .

( F O R  ELEMENT TYPE 1: O = N O  C L O S U R E , 1=CLOSURE.
FOR ELEMENT TYPE 5: O=HEMISPHERE , 1=SPHERE ,
=0 OTHERWISE) .

3. CONCRV 12 I N D I C A T O R  FOR C U R V A T U R E  BETWEEN POINTS ON A
CONTOUR . ( F O R  ELEMENT T Y P E  1: O = C U R V A T U R E ,
1=STRAIGHT LINE FOR SEGMENTS SPECIFIED IN SET
C O N T O U R F L A T , 2 = S T R A I G H T  LINE FOR ALL SEGMENTS)
(FOR ELEMENT TYPE 5: AXIS  THROUGH H E M I S P H E R E
ZENITH= +OR— 1 ,2 ,3 , =0 OTHERWISE)

4. CONRAD R15 RADIUS OF CIRCULA R CONTOUR (ELEMENT TYPE 2) OR
S P H E R E / H E M I S P H E R E  (ELEMENT TYPE 5 ) .  ( = 0  O T H E R W I S E )

5. SPACO1 R15 SPARE .
6. SPACO2 13 S P A R E .

C O N T O U R P O I N T
1. XPT Rl5 X-COORDINATE OF SURFACE POINT IN ELEMENTAL C.S. FOR

ELEMENT TYPES 1,3 ,4.
(=CENTER COORDINATE FOR ELEMENT TYPES 2,5)

2. YPT R15 Y-COORDINATE OP SURFACE POINT IN ELEMENTAL C.S. FOR
ELEMENT TYPES 1,3,4.
(=CENTER COORDINATE FOR ELEMENT TYPES 2 ,5)

3. ZPT R15 Z=COORDINATE OF SURFACE POINr TN ELEMENTAL C.S. FOR
ELEMENT T Y P E S  1,3 ,4.
(=CENTER COORDINATE FOR ELEMEN1 TYI’I~S 2 ,5)

CONTOURFLAT
1. NFLAT 13 NUMBER OF SEGMENT ON A CONTOUR HAVING ACTUAL STRAIGHT

LINE SHAPE. APPLIED TO ELEMENT TYPE 1 ONLY .
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SUBELEMENT (SEE NOTE 2)
1. SUBID C5 SUBELEMENT ID.
2. SYMSUB Ii FLAG TO INDICATE SYMMETRY OF SUBELEMENT ON A

S Y M M E T R I C A L  ELEMENT WITH C O I N C I D E N T  PLANES OF
SYMMETRY . (O=NO SYMMETRY , l=SYMMETRY)

3. SUBIDS CS SUBELEMENT ID OF SUBELEMENT PROVIDING SOURCE DATA.
(=0 OR SUBID IF DATA NOT DERIVED FROM ANOTHER
SUB ELEMENT.

4. SPASE1 R15 SPARE.
5. SPASE2 13 SPARE.

S U B C O N T O U R
1. SUBCON 13 S U B C O N T O U R  N U M B E R , U N I Q U E  WITH C O N T O U R  N U M B E R S

FOR SYSTEM.
2.  SUBCRV 12 I N D I C A T O R  FOR C U R V A T U R E  B E T W E E N  POINTS ON A

SUBCONTOUR. (O=CURVATURE , 1=STRAIGHT LINE FOR
SEGMENTS SPECIFIED IN SET SUECONFLAT , 2=STRAIGHT
L I N E  FOR ALL S E G M E N T S )

3. SPASC1 R15 SPARE .
4. SPASC2 13 SPARE .

S U B C O N P O I N T
1. XPTSUB R15 X-COORDINATE OF SUBELEMENT SURFACE POINT IN E.C.S.
2. YPTSUB Rl5 Y-COORDINATE OF SUBELEMENT SURFACE POINT IN E.C.S.
3. ZPTSUB Rl5 Z-COORDINATE OF SUBELEMENT SURFACE POINT IN E.C.S.

S UBC ON FLAT
1. SNFLAT 13 NUMBER OF SUBCONTOUR SEGMENT HAVING ACTUAL STRAIGHT

LINE SHAPE.
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SURFSECTION (SEE NOTE 3)
1. NOSEC 14 SECTION OR SUBSECTION NUMBER. APPLIES TO A

SECTION OF ELEMENT TYPES 1,2,3,4 ONLY OR TO
A SUBSECTION ON ANY TYPE OF ELEMENT. ENTER

• NEGATIVE VALUE IF ENTIRE SECTION OR SUBSECTION
IS D E R I V E D  BY R E F L E C T I O N  OF S Y M M E T R I C A L  E L E M E N T
OR SUBELEMENT (=0 INTRACONTOIJR SEGMENT FOR TYPE 1).

2. NOCON1 14 NUMBER OF CONTOUR (ELEMENT TYPES 1,2 O N L Y )  OR
SUBCONTO I JR (ANY E L E M E N T  T Y P E )  AT FORWARD OR
FIRST END OF SECTION OR SUBSECTION. ENTER
NEGATIVE VALUE IF ENTIRE CONTOUR (OR SUBCONTOUR)
IS DERIVED FROM REFLECTED CONTOUR (OR SUBCONTOUR)
OF SYMMETRICAL ELEMENT (OR SUBELEMENT).

3. NOCON2 14 NUMBER ~OF CONTOUR ( E L E M E N T  TYPES 1,2 O N L Y )  OR
SUBCONTOUR (ANY ELEMENT TYPE) AT AFT OR SECOND
END OF SECTION OR SUBSECTION. ENTER NEGATIVE
VALUE AS WITH NOCON1 .

4. SECURV Ii INDICATOR FOR CURVATURE BETWEEN CONTOURS .
(O=CURVATURE , l=STRAIGHT LINE FOR ALL SEGMENTS)
APPLIES TO ELEMENT TYPES 1,2 ONLY.

5. RADMEM R15 AVERAGE OR EFFECTIVE RADIUS OF SEGMENT.
APPLIES TO ELEMENT TYPE 4 ONLY .

6. SPASS1 R15 SPARE.
7. SPASS2 13 SPARE.

S U RFS E GME NT
1. NOSEG 14 SEGMENT NUMBER.
2. NOPTI 14 POINT NUMBER ON CONTOUR (ELEMENT TYPES 1,3 ,4 ONLY)

OR S U B C O N T O U R  (ANY ELEMENT T Y P E )  NOCON 1 W H I C H
DEFINES ONE END OF SEGMENT . ENTER NEGATIVE NUMBER
IF  P O I N T  IS D E R I V E D  FROM R E F L E C T I O N  OF S Y M M E T R I C A L
ELEMENT (OR SUBELEMENT).

3. NOPT2 14 POINT NUMBER ON CONTOUR (ELEMENT TYPES 1,3 ,4 ONLY)
OR SIJBCONTOUR (ANY ELEMENT TYPE) NOCON2 WHICH
DEFINES SECOND END OF SEGMENT . ENTER NEGATIVE
NUMBER AS WITH NOPT1.

COMMONSEG
1. ELIDCM C5 ELEMENT ID OF INTERSECTING ELEMENT.
2. NOSECM 14 NUMBER OF SECTION OR SUBSECTION OF INTERSECTING

ELEMENT CONTAINING SEGMENT . (=0 FOR INTRACONTOUR -

SEGMENT , THEN CON COM A P P L I E S )
3. CONCOM 14 NUMBER OF CONTOUR (ELEMENT TYPE 1) OR SUBCONTOUR

(ANY ELEMENT TYPE) OF INTERSECTING ELEMENT CON-
TAINING COMMON SEGMENT. (=0 IF NOSECM APPLIES)

4. NOSEGH 14 SEGMENT NUMBER OF SECTION , S U B S E C T I O N , CONTOUR OR
SUBCONTOUR OF INTERSECTING ELEMENT.

5. SPAGC1 R 15 S P A R E .
6. SPAGC2 13 SPARE.
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SURFZONE (SEE NOTE 4)
1. Z I D  CS ZONE ID.
2. SYMZON Il FLAG TO INDICATE SYMMETRICAL ZONE ON SYMMETRICAL

ELEMENT WITH COINCIDENT PLANES OF SYMMETRY .
APPLICABLE TO FIXED ZONES ONLY . (O=NO SYMMETRY OR
LOCAL Z O N E , l=SYMMETRY)

3. Z I D S  C5 ZONE ID OF ZONE PROVIDING SOURCE DATA .
(IF NO SOURCE ZIDS=O OR = Z I D )

4. REFAXZ Ii REFERENCE AXIS OF LOCAL C.S. FOR LOCAL ZONE
DEFINITION . (0=FIXED ZONE ,1=X-AXIS , 2=Y-AXIS)

5. COREFZ Il AXIS OF ELEMENTAL C.S. PERPENDICULAR TO REFAXZ .
FOR LOCAL ZONE DEFINITION ONLY .
(O=FIXED ZONE , 1=X—AXIS , 2=Y—AXIS , 3=Z—AXIS)

6. VERAXZ Ii AXIS OF LOCAL C.S. HAVING UPWARD COMPONENT.
(0=FIXED ZONE , l=X-AXIS , 2=Y—AXI S)

7. Z O N T Y P  I i  TYPE OF ZONE D E F I N I T I O N . ( = 1 , 2 ( F IX E D O N LY)~~3 , 4)
8. XLOCZ R15 X-COORDINATE OF ZONE LOCATION IN ELEMENTAL C.S.

( = C O O R D I N A T E  OF C E N T E R  FOR LOCAL Z O N E  AND TYPE 2
FIXED ZONE. =0 FOR FIXED ZONE TYPES 1,3,4.)

9. YLOCZ Rl5 Y-COORDINATE OF ZONE LOCATION IN ELEMENTAL C.S.
( = C O O R D I N A T E  OF C E N T E R  FOR LOCAL Z O N E  AND TYPE 2
F I X E D  Z O N E .  =0 FOR FIXED ZONE TYPES 1,3 ,4.)

10. ZLOCZ HiS Z-COORDINATE OF ZONE LOCATION IN ELEMENTAL C.S.
(=COORDINATE OF CENTER FOR LOCAL ZONE AND TYPE 2
FIXED ZONE. =0 FOR FIXED ZONE TYPES 1,3 ,4.)

11. RADZON RiS RADIUS OR WIDTH , (ZONE TYPE1=0 , ZONE TYPE2=RADIUS ,
ZONE TYPES 3 ,4=WIDTH)

12. ZONMAT CS MATERIAL CODE OF ZONE.
SEE EXAMPLES FOR ATTRIBUTE SKNTYP(GEOMELEMENT .19)

13. SIGZON R12 CONDUCTIVITY OF ZONE MATERIAL IN UNITS OF UNSIGZ .
14.  U N S I G Z  CS U N I T  OF C O N D U C T I V I T Y . ( R E L C U , MHOPM , M H OPC)
15. EPSRZ R9 RELATIVE DIELECTRIC CONSTANT OF ZONE MATERIAL

(RELATIVE TO FREE SPACE) .
16. THIKZ R15 THICKNESS OF ZONE MATERIAL IN UNITS OF UTHIKZ .
17. UTHIKZ C2 UNIT OF THICKNESS. (=FT , IN , ME , CM , MM , M L ( M I L S ) )
18. D2 • R15 DISTANCE OF REFLECTING SURFACE FROM ZONE.

(PROGRAM APERTURE)
19. WGLOCZ C6 WING LOCATION OF ZONE (IEMCAP).

(=NOW , BOT , TOP , FWDEDG , AFTEDG , T I P )
20. SPARZ1 HiS SPARE .
21. SPARZ2 R15 SPARE.

ZONESHAPE
1. XZONE R15 X-COORDINATE OF ZONE POINT IN E.C.S. FOR FIXED

ZONE , OR LOCAL C.S. FOR LOCAL ZONE.
APPLIES TO ZONE TYPES 1,3 ,4 ONLY.

2. YZONE R15 Y-COORDINATE OF ZONE POINT IN E.C.S. FOR FIXED
Z O N E , OR LOCAL C.S. FOR LOCAL ZONE.
A P P L I E S  TO ZONE TYPES 1,3 ,4 ONLY .

3. ZZONE R15 Z-COORDINATE OF ZONE POINT IN E.C.S. FOR FIXED
ZONE TYPES 1,3 ,4. (=0 FOR LOCAL ZONE)
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Note 1. An elemental coordinate system may be defined
at any location and orientation relative to a global rectangular -

coordina te sys tem. A total of 12 parameters is required to
define the elemental coordinate system and cons ists of 3 para-
me ters for translation, 6 for rotations , and 3 for ax is redirec-
tions.

A right-handed global coordinate system must be defined

to serve as an absolute reference , direc tly or indirectly, for all
geometric coordinates specified in the system . The global system -

must be a right-handed , orthogonal set of axes which may be arbi-
trarily positioned relative to the geometric system .

Associated with each element defined in the geometric

sys tem must be an e lemental coord inate sys tem to which all geo-
metric coordinates specified for the element are directly refer-

enced. Each elemental coordinate system must be an orthogonal

se t of axes which may be right- or left-handed and arbitraril y
positioned at any location and orientation relative to its associ- -

ated geometric element.

Each elemental coordinate system is def ined with refer-
ence to the global coordinate system in accordance wi th the
following steps. Thes e steps must be followed in the or der given .

Step 1. Specify the location of the origin of the

e lemental sys tem in terms of x , y, z coordinates of the global
system . This represents a translat ion of the global origin to

the position of the elemental origin. (Parame ter s 1 , 2 , 3)

Step 2A. Specify one of the three axes of the trans-
lated g lobal sys tem to be the ax is for the f irs t rotati on. The
rotation angle is defined to be positive if the rotation is clock-

wise when viewed from a positive point on the rotation ax is look ing
toward the origin. (Parameters 4, 5)

Step 2B. Specify one o.~ the remaining two axe s of the
rotated coordinate system (after first rotation) to be the axis

~~~ for the second rotation . The positive sense of rotation is as

defined in Step 2A. (Parameters 6, 7)
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Step 2C. Specify the remaining axis of the rotated

coordinate sys tem (af ter second rotat ion) to be the axis for the
third ro tation. The pos it ive sense of rotation is as defined in
Step 2A. (Parameters 8, 9)

Step 3. Where appropriate , specify the redirec t ion of
each axis parallel to the x- , y- , or z- axes . Six direc tions are
availab le , and bo th r ig ht-hand and left-hand coordinate system s
are permitted. (Parameters 10 , 11 , 12)

The direct ion of each axis is specified by the code :
1 = Directed to +X~

-l = Directed to -X.

2 = Directed to +Y.

-2 = Directed to -Y.

3 = Directed to ~~~~~

-3 = Directed to -Z.

The referenc e coordinate direc tions are es tablished by
the right-hand set which was transformed from the global set to the

presen t point of elem ental or ig in , following Step 2C.

Note: The code numbers 1 , 2 , 3 specified for the
direc tions of the x , y, z axes , respec tively , signify no change
or redirec tion of the axes.

Axis red irec t ion is a technique which offers the user a
convenient means of rearranging the x- , y- , and z-coordinates on
a g iven set of three-dimensional axes. Although the redirec t ion
of a ri ght-hand system to another right-hand system can be speci-
fied (in steps 2A , 2B and 2C) by rotation angles involving appro-
pria te mul tiple s of 90 degrees , it may be diff icult to visualize
a correct rotation sequence for some arrangements. Hence , axis
redirection eliminates the risk of error for these cases. Also ,
axis redirection provides the means for specifying a left-handed
coordinate system .

If the element is not symmetrical , SYMAX = 0. With a
symmetrical element for which symmetry techniques are to be

• applied to the data , it is essential that the origin of the ele-
men tal coordinate system lie on the plane of symmetry and that

61. 

-~~-.-- ~~~~~~~ - • —- -. — —.• . - - —~• — ~~~-—-~~-~~~~~~—-- —-•• 
. . - - - -•- 

~
- -

~~
- ---—

— —-- ,.-
~
---.-••-—---



- - • ~~~~~~~~~~~~~~~~~~~~~~ CVZ ~~~ ~~~~~~~~~~~~~~~~ • • •  . — -- -

one axis be perpendicular to the plane. In this case SYMAX = 1,

2 or 3 to indicate the perpendicular axis.

If the element is to be derived by translat ion or re-
flec tion from another element whose surface is explicitly defined ,

• the ID name of the source element is entered for ELIDS. Other-

wise , ELIDS = 0 or ELID.

If the element is to be derived by translat ion of a

source element , CONEG = 0. If the element is to be derived by

reflection of a source element , CONEG = 1, 2 or 3 to indicate the

axis for which the source data coordinates require negating .

Note 2. Subelements may be defined wi th any type of
element. A subelement surface must be defined using point defini-

tion as described for Type 1 (Section 5.3.3).

If the surface  shape of a subelemen t is not symme tr ica l,

or is symmetrical but doe s not lie on a symmetr ical  elemen t , then
SYMSUB = 0. However , if a subelement is symmetrical and lies on
a symme trical element , and both lie on a common plane of symmetry,
the subelement may be declared symme tr ical  by se tt ing SYMSUB = 1.

If the surface definit ion of a sube lement is derived by
trans lation or reflec t ion from another sube lement which is
explicitly defined , the ID name for the source subelement is
entered as SUBIDS . Otherwise , SUBIDS = 0 or SUBID.

A subelemen t may be derived from a source subelement
only if the derived subelement lies on an element whose definition

is derived from the element containing the source subelement . The

type of data transfer (i.e., translat ion or reflec tion) between
the subelements must be the same as that specified for the respec-

tive elements. The reflection of subelement data includes the

case where both subelements lie on the same element, provided that
the element is symme trical wi th the plane of symme try coincident
with the plane of reflec t ion for the two subselements.
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Note 3. The SURFSECTION branch of the SDF schema is for

data which define the connectivities between surface points and , 
-

also , define the common boundaries of intersecting elements.

The surface of an element is divided into sec t ions and
subsec tions. The primary purpose for applying the concep t of
.surfac e sections is to facilitate the organization of connectivity

data in the SDF . The def init ion of a sec tion depends upon the
type of surface representation. For Type 1 and Type 2 surfaces ,
a sec t ion is the surfac e between two adjacent contours . For a
Type 3 surface , each plane face is a section. For a Type 4 surface

or frame structure , a section consists of all connecting segments

or frame members of the element having the same effectfve radius.

The concep t of a surface sec tion does not apply to a Type 5 surface.

A subse ct ion is the surface area between two adjacent
subcontours on a subelement , which may ex ist on any type of surface
representation.

Contours (or subcontours) which bound a sec tion (or a
subse ction) are specified in attributes NOCON1 and NOCON2. In
general , each segment belong ing to a sec t ion or subsection is de-
fined in the repeating set SURFSEGMENT . However , for a Type 1
surf ace (or a subelement) the segmen ts along a contour (or sub -
con tour) genera l ly  do not require definition , since the connec tivity
of adjacent contour points as listed under se t SURFCONTOUR is implied .
Only the intercontour segments of these surfac es require explicit
definition by set SURFSEGMENT. Attributes NOPT1 and NOPT2 define

the end points of a segment; it is this specification which ex-

plicitly define s connec tivity betwe en sur face definition points.

If a segment is common w ith another element , the da ta
identifying that segment relat ive to the surfac e definit ion of the
intersec ting element are defined in set COMMONSEG. Note that all
intercontour se gments in the source data mus t be specif ied in the
file for purposes of defining connectivity, whe ther or not they
are common with an intersecting element. Intracontour segments

in the sou;ce data do not require exp licit definition of connec-
tivity unless they are common to an intersecting element .
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If an intracontour segment (i .e., lying on a contour of
a Type 1 surface) is also common w ith an intersec ting element , it
is necessary to define this segment in se ts SURFSECTION and
SURFSEGMENT in order that the intersec t ion data may be entered in
set COMMONSEG. Suth a segment may be defined with the following
special considera tions . The sect ion number NOSEC is specified as

• zero . Since the end points of the segmen t l ie on the same con tour ,
NOCON1 and NOCON2 are both specified wi th the same contour number.
The segment number NOSEG is the count number of the se gment along
the contour as defined in branch SURFCONTOUR . For example , if the
Nth (intracontour) segment of a contour connects the Nth and (N+l)th

contour po ints , NOSEG = NOPT1 , and NOPT 2 = NOPT 1 + 1.

Another situation which requires special consideration of

data entry into the SDF involves specify ing a common segmen t lying
w ithin the derived half of a symme trical element. The se gment is
not defined within the source data of the file , but since the
element is declared to be symmetric al (SYMAX ~ 0), the segment is a
reflec ted image of a source segment . All connec tivitie s spec ified
with the source data are transferred by reflect ion to the derived
data. However , intersection data specified with the source data
cannot be transferred by reflection within a symmetrical element ,
since the source and derived surfaces will general ly in tersect
different elemen ts. In fac t, the derived surface may not intersec t
any element.

When it is necessary to specify a segmen t of the der ived
surface of a symmetrical element , negat ive values of the correspond-
ing sec tion or subsec t ion number (NOSEC) , con tour or subcon tour
numbers (NOCON 1 , NOCON2), segmen t number (NOS EG) and po int numbers
(NOPT 1 , NOPT2) of the image data must be entered in the data file.
The nega t ive sign flags the data to indicate that they are surfac e
components derived by reflection.

Consider , for example , that a sys tem da ta file for an
aircraf t conta ins source data defining the right half of a symme tri-
cal fuselage. The segmen ts on the right side of the fuse lage which
are comm on w ith the right wing are defined under SURFSECTION using
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positive-valued numbers for NOSEC , NOCON1, NOCON2 , NOSEG , NOPT1 and
NOPT2. For the left side of the fuselage , since all surface defini-
t ion is derived implicit ly by reflec tion of the source data , no data
entries under SURFSECTION are required , excep t for any segments
common to intersecting elements. In this case , the segments which
are common wi th the lef t wing are defined under SURFSECTION using
negative-valued numbers NOSEC , NOCON1, NOCON2, NOSEG , NOPT1 and
NOPT 2. Note that the data entries for NOSECM , CONCOM and NOSEGM
under se t COMMONS EG must contain appropriate posit ive or negative
numbers for the common segments as they are defined relative to

the surface representation of the intersecting element.

Note 4. Every zone in a system must be assigned a unique
ID name (ZID). The shape and location of each zone must be defined

either by a fixed or local method of representation . The fixed

me thod , which may be applied to any zone , requires that the zone
boundary be defined directly in elemental coordinates. The local
method mus t be applied only to zones that are flat or nearly flat,
i .e., the max imum zone dimension is relat ively small compared to the
radius of curvature, of the zone surface. Where there is multiplicity
of one zone shape in a sys tem , the use of the local representation,
if applicable , s implifies the total representat ion by requiring the
shape to be defined for only one of the zones , which serves as a
source zone (ZIDS) for the remaining zones having the same shape.

It is not required that a zone (ZID) and its source zone (ZIDS) lie
on the same element .

If a fixed zone is not symme trical , or is symme trical but
does not lie on a symmetrical element , then SYMZON = 0. However , if
a fixed zone is symmetrical and lies on a symmetrical element, and
both have a common plane of symme try, the zone may be declared
symme trical by setting SYMZON = 1. Then only half of the zone needs
to be described explicitly .

For any local zone definit ion, SYMZON = 0.

If a fixed zone is derived by translation or reflec t ion
from another fixed zone which is explicitly defined , the ID name of
the source zone is entered as ZIDS. Otherwise , ZIDS = 0 or ZID.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~
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The transfer of source f ixed zone data is val id only if
the der ived zone lies on an elemen t whose definit ion is derived
(in whol e or in par t ) from the element containing the source zone .
The type of data transfer (i.e., trans lat ion or reflect ion) between
thez ones mus t be the same as that spec ified for the respec t ive
e lemen ts. The reflec t ion of fixed zone data includes the ca se
where both zones lie on the same element , provided that the

element is symme trica l wi th the plane of symme try co incident
wi th the plane of reflec tion for the two zones .

If a zone is defined by the loca l me thod , a two-

dimensional (X-Y) rectangular coordinate system must be

es tabl ished to define the shape of the zone . The origin of the
loc al coordinates should be es tablished a t the geome trical center
of the zone shape. The coordina te sys tem mus t be or iented so that
one of the ax es can serve as the loca l reference ax is (REFAXZ) for
each of the zones referencing the defined shape . W ith the local
coordinate system applied to each zone in place on the surface of

the element , the REFAXZ must , in every case , be perpendicular to

one of the axes (COREFZ) of the elemental coordinate system.

To illustrate this , Figure Cia shows a section of a

fuselage element containing five identical windows . The shape of

each window is described by local coordin ates as i l lustra ted in
Figure Clb . The orig in of the loca l coordinates is defined at the

center of each window. The local coordinates are shown applied to

the firs t window. The plane of the local coordinate sys tem is
tangent to the element surface at the ori gin. Since the x-axis

lies in a horizontal plane at every window location , this axis is

designated as the local reference axis , and REFAX Z = 1. Paired

with the REFAXZ is the COREFZ to which REFAX Z is perpendicular.
In this example , the y-axis (vertical axis) of the elemental
coordinate sys tem is desi gnated as COREFZ.

The required relationship between REFAXZ and COREFZ can ,

in general , be maintained at essentially all locations of a given
(local) zone on an element , provided the zone is installed with one
edge of the defined shape always to the top , as is normally the
case for aircraft windows . Where the zone cannot meet the local

reference conditions the zone must be defined by the fixed method .
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a) Local coordinate system positioned on element surface .

For this example :

____ 7,’ 7 x VERAXZ - 2

b) Zone shape defined by local coordinates .

Figure Cl. Example of local zone definition on an element.
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While the REFAXZ/COREFZ reference axes ensure that the
zone is applied horizontally ,  it is further necessary to specify
a relative upward direction or top of the zone to ensure that the
zone is not applied upside down. In the example of Figure Cl ,
the y-axis  of the local coordinates has an upward component ,
thus , VERAX Z = 2 .

The purpose of the reference axes is to permit un-
ambi guous orientation of the defined zone shape at each specified
location on the surface of an element .

For a fixed zone , the three reference axes REFAXZ, COREFZ
and VERAXZ do not apply and must be entered with zeros.

The location of a local zone is specified by the elemental -

coordinates (XLOCZ, YLOCZ , ZLOCZ) of the origin of the local coor-
dinate system for the zone on the element. The shape of a local
zone is defined by the coordinates (XZONE, YZONE) of points defining
its boundary (Type 1) or its centerline if a slit (Types 3 or 4).

Multiple zones having a circular shape (Type 2) are mos t
easily described with the fixed method with ZONTYP = 2. The center
of each zone is defined by elemental coordinates (XLOCZ , YLOCZ ,
ZLOCZ), and the radius is specified as RADZON. Note that the local
method does not apply to a Type 2 (circular) zone .


