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FOREWORD

———

Much of wha+ appears in the pages which follow has been
harvested tfrom a field cultivated by the Sculptured Surface
Project of CAM-I, Permission to use was graciously extended.
Acknowledgment is also made of the sizeable efforts in this
endeavor by the following companies: Rohr Industries, Bell
Helicopter, McDonnell Douglas Astronautics, Teledyne Ryan
Aeronautical and Douglas Aircraft,

ii




INTRORUCTION

The APT/NC Project met for the first time at the SHARE
Interim Meeting in Pouston, 5/22-23/72. 1In discussing goals
the proposal was made and warmly accepted that the Project
adopt as ore of its immediate goals the incorporation of CaM-
I*s Sculptured Surface Package into IBM System/36C APT. The
feeling of *he members was that the CAM-1 package was indeed
good and one which, with furtner refinement, might well
accomodate the needs of the NC community but it was suffering
from lack of exposure, It was hoped that by attaining the
above qoal this situation could be rectifiad.

The merger, V4M3 and ssSx2n, was effected with dispatch and
distributed to some 10 or 12 users, Extensive testing was
performed between August, 1972 and August, 1973, Many
benefits were reaped, many more were envisioned bhut standing
in the way was an obstacle, the V4M3 ARELEM and its inability
to handle a sculptured surface. At the Project's Miami
Meeting, 8/13=17/73, it was decided to replace this faulty
member with an interim or temporary member which would dc the
job., So it was that the Sculptured Surface Interim Processor
(SSIP) came to be, It is not a full blown, production-type
ARELEM but it is a package which will allow Sculptured
Surface R & D to continue in an efticient manner. Those who
have used it thus far have marvelled at its simplicity and
praised its reliability. They have commended its adherence
to the concept of maximum processing or, in other words, its
ability to recover and continue in the face of minor
programming incongruities, Most of all they are amazed at
its efficiency, as much as ten times faster than its
predecessor,

The sections which follow are intended for the part
programmer, Section 1, basically, is Chapter II of the S58X3
documentation released by CAM-I in April, 1973. The
modifications necessary were few, Sectior 2 documents SSIP.
Section 3 consists of a group of nine t2st cases which may be
used to verify implementation and demonstrate capabilities,
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1. DBRT _PROGIAMMIES GUIRE_TQ SSXIRZGSIE

The following describes concepta, language and
capabilities of sculptured surfaces for potential users of
the system,

1«1 BPRasic _Structure of Sculptured Geometry

There are a large number of sculptured definitions
available in the present system. These include £wo major
types 0of geome+ry =-- a synthetic curve and a sculptured
surface, Wwhile many alternate definitions are available, the
underlying structure of the resulting geometry is very
similar in all cases., Most geometry proceeds from programmer
supplied points (for positional control) and, if desirable,
vectors (for slope control).

. 1.1.1 Synthetic_Curve =-- Segment Structure

The synthetic curve structure consists of a set of
interlinked cubic curve segments. The part programmer,
however, does not have to know all about +the cubic form. A
variety of input formats allow him *0 create this structure
in ways which are both useful and understandable. 1In a
structural sense, the synthetic curve is similar to a
Tabulated Cylinder, However, there are two major
differences--the synthetic curve is a trus space curve rather
than a cylindrical surface--and it has the capability to
include linear, circular and conic curves as well as curves
which are twisted in space (i.e., do not lie in a plane). In
addition, a synthetic curve includes cross and normal vector
constraints which can be used in subseguent surface
definitions,

At present, synthetic curves have no direct type of tool
control available. 1In the future, some type of control may
he available bhut the concepts are presently awaiting firm
definition, 1In the SSX3 system, the only way in which a
synthetic curve can be milled is by defining a sculptured
surface from it=--this consisting of either a surface of
revolution or a cylinder, This sculptured surface may then
be used as a normal APT surface for purposes of guiding a
tool,

1.17.2 Sculptured Surfaces

A large variety of definitions is available to part
programmers of sculptured surfaces., All of these definitions
create a surface which is defined by an interconnected
structure of bicubic surtace patches. These patches are
basically each four-sided surraces of limited flexibility,
They can capture points of inflection and can describe
quadric forms as well as more general sculptured shapes.
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Surfaces of revolution and cylindrical and ruled shapes are
also within the range of describable geometry,

1.1.3 Extensiors_Beyond Surface Boundaries

8ince sculptured surfaces are bounded, a basic problem
which occurs is that of interpolating the surface beyond its
boundaries. Generally speaking, the surface bounds are
specified by the part programmer in his definition of the
surface, Iowever, it is of some utility to the programmer to
be able +o ignore the *'natural' bounrds when positioning a
tool, For this reason a convention has been adopted that an
infirite ruled surface is extrapolated beyond the bounds of
all sculptured surfaces (ses Fiqure 1). The rulings of thnis
surface have directions identical to +he natural surface
tangents as they cross the boundaries. A doubly ruled
surface is extrapolated beyond the corner sections of the
structure, At present, the ruled extrapolation is designed
for patch structures which exhibit four or fewer sides.
These extensions extend infinitely, Consequently, if an APT
programmer should miss a check surface in a togl motion
command, the tool will move out along the sculptured surface
until a preset maximum distance is exceeded,

1.1.4 Part Programmer Oriented Definitions

=

The fundamental structure of sculpturad geometry has
been briefly described, w®what makes the concept truly useful
t0 a part programmer, is a large array of simple-to-use
definitions, The principal idea which is used for defining a
synthetic curve or a sculptured surface is a stream of input
points which lie on the desired shape. These points may be
developed from a coordinate measuring device which traces a
model in a systematic diraction, from design equations, or
else from design specifi2d geometry. Under the present APT
structure, data which comes from the latter two sourcas can
be applied more easily. However, this da%a must be encoded
{fusually on computer cards) in an APT readable format. For
example, in order to define a synthetic curve through an
ordered set of points (see Figure 2a), the part programmer
must present these points in the proper order to the
synthetic curve processor by a statement, such as

c SCURV/SPLINE, P1, P2, P3, P4, PS

In English, the programmer is saying, define a space curve
called C that moves smoothly through the consecutive points
P1, P2, P3, P4 and PS5. This processor then interpolates
cubic arcs between consecutive points such that the overall
profile is smooth, Hence four interconnected cubic arcs are
generated, The programmer will receive a printed analysis of
each of the arcs (curvature, tangents, e€tc) with his normal
APT output,




Figure 1. Example of Ruled Extensions Beyond the

Boundaries of a Sculptured Surface
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The principal method of defining a surface is by a
network of streams of points (Figure 2b), This, however,
imposes the a:idad difficulty that points have to be
coordinated in two directions simultancously. However, the
input of a network of poin4s (Fiqure 2c) creates a patch '
structure where a hicubic patch is interpolated through +he
space marked hy every four adjacent points. Therefore, the
part programmer does not need to be acquainted with the
details of patch canonical forms, However, since the
resulting surface is analyzed patch-by-patch on the print
file, a programmer’s use of the system is ennanced by a
knowledge of the s+tructure of its geometry.

1.1%.5 3gSpliping Technigues

One of the important methods for determining a
continuous curve oOr surface in space through discrete points
is by splining technigues, Traditionally, ship loftsmen
- produced splines by passing an elastic beam through fixad
positions on a loft floor., The shape assumed by the beam is
a spline fit to the fixed positions, Mathematically, the
spline position is an elastic curve with the least stored
energy which passes through the fixed points, This condition
is approximately realized whenever the interconnecting cubic
segments have similar radii of curvature at their jun+tions.
The spline concept can also be generalized so that the input
points will move in such a way as to achieve a final shape
which is more 'relaxed'. This concept is effected by
attaching springs to the fixed starting positions of *he
points. The spline shape is then balanced (see Figure 3)
between minimum stored energy of the elastic beam and the
stored energy of the springs which are stretched from their
fixed pivot points, When this concept is applied %o input
with inherent ‘'ripples', these ripples tend to be reduced
into an overall *'smoother' configuration.

1.1.6 Vector constraints

A part programmer can impart additional slope
information with discrete points, He does this by inputting
vector constralnts at any desired input point [a vector
indicated by three coordinates is a direction in space). In
the case of a curve, tangent or normal vector constraints are
applicable a+ any point, wnhile in the case of a surface-
tanqgent, normal or crossvline constraints may be applied. In
any case, a vector corstraint is treated as an egsential
condition, That is, the tinal curve or surface will possess
the direction as indicated by the programmers's tangent or
normal constraint. 1In fact, the vector constraint, inserted-
in the middle of a spline, will actually split a spline into
two separate splines. There is a possibility of conflict if
a part programrer should enter conflicting vector
constraints, such as tangent and normal constraints at the

4




’
¢ F~
-4 ~ ®
[
B
p) :
Figure 2a. Programmer's Input Points
fAre 32
I7?
ane %
)“ 0
—~—T
arcs”

Figure 2b. Programmer's Qutput Spline Curve

Figure 2c. Programmer's Input Points
[+]

Figure 2d. Programmer's Cuctput Surface




same point which are not actually perpendicular, In this
case, the normal vector *akes precedence and the tanqent
vector is torced into the plane of the normal vector,

1.1.7 Concept_of Smoothing with Weights and Limits

As mertioned in Section 1.4, a concept of smoothing
applies to splining which will actually move the input point*ts
into an overall smoother configuration. This concept is
effected by attaching a 'weight' or daqgree of certitude +o
each point which controls the spring tension there., 1If a
point is to remain fixed, a weight of 1.0 (or certainty) is
attached to it and the spline must move through the point,

If the weight is reduced to a value between *'0' and '*', ¢then
the point will tend to move more in line with other points of
the spline (see Figure 3), A further capability is available
which will limit the maximum movement of any point during
gplining, This is called the 'LIMIT' constraint., The LIMIT
factor is a spherical radius scribed around an input point,
Whenever weights less than 1 have been applied, a voint is
restricted to moving within the confines ot the limiting
sphere placed around the input point, It should be noted
that the splining technique applies only to curves (not
complete surfaces) at the present time, Consequently, for a
*MESH* surface, which is defined by a criss-cross pattarn of
splines and cross splines, the concept of smoothing applies
only to splire curves in the major soline direction. Also
whenever weights are applied together with vector
constraints, then points are *'moved' or 'relaxed' in a first
pass and slopes are adjusted in a second pass.

1.%.8 Error Diagnosktics

Number Resgription
129 Incorrect amount of data (NUMPTS/SPLINE)
133 Illegal vocabulary code

KERR=1 Illegal word in definition

KERR=2 Surface type (PATCH, MESH, SPLINE, CUFSEG)
KEFR=3 Mesh type no match (XYZ, XYPLAN, etc)
KERR=4 TIllegal word in definition

4oo2 word count no good PATCH defini+tion

4003 Plus or minus not found in expected position
5000 Word count no good

5001 Surface *o0o0 large

5016 Error found when processing PATCH in APT 107
5017 Error tound when processing MESH in APT 107
5018 Error found when processing SCURV in APT 108

1.1.9 8ize_ Limits_on_Sculpturzd Gsometry

There is no practical limit, small or large, %o the
physical size of sculptured geometry. There are, however,
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limits on the amount of physical data which can be stored and
used for describing geometry. Basically, surtaces are
composed of patches, Each patch is defin2d by a combination
ot sixteen points and vectors and each of these are described
by three numbers (X, Y, and Z coordinates), In round
numbers, a patch requires about 50 numbers for its analytic
description--so that if a surtace were dafined by 50 patches,
then 2500 numbers have to be stored.

Recognizing this problem SSIP had provided a compressed
storage format which allows for the processing of sculpturesd
surfaces as large as 66 patches within a 1000 word table,
This could be expanded in the future, but appears to be
adequate at this present period in the development of
sculptured surfaces.

1.1.10 Tool Control

The usual objective in defining geometry in APT, is to
reproduce it by using that geometry to control the motion of
a cutter, Sculorured geom2try is composed of +wo geometries
-~ surfaces and synthetic curves, Synthetic curves are
unique in APT in that they represent a one-dimensional space
curve rather than a two-dimensional surface, NO concept has
been implemented for using this entity directly for %20l
control -- in the future a concept will most likely be
availatle. Sculptured surfaces, on the other hand, should be
treated as other APT surfaces tor tool centreol., In facet,
this feature of full APT tool control is the very heart of
the sculptured capability in APT.

Previous systems, such as FMILL/APTLFT, though very
useful, basically controlled the tool relative to only a set
of points extracted from a single surface. 1In the 55X3
system a gereral APT cutter can be positioned to
simultaneously contact two, or even three, sculptured
surfaces.

1.2 Summary of Language

The system has all the standard language features of
APT, and, in addition, provides special larguage for
defining:

« synthetic curves or
« sculptured surfaces,
In the subseguent language definitions the following

conventions are used: a brace {4, h}is usad to indica+te an
item which may or may not appear in the input and a




a
bracket [BJ indicates information for which an optional
C
choice of items is presentad., If one of the items is
underlined, +then this item is the assumed value if none of

the options is input, Otherwise, the absence of an option
will produce an error,

1.2.1 Synthetic Curva

A synthetic curve is defined by the following language:

SPLINE |
C = SCURV 7 (CURSEG|, P1, P2, ..., PN

Here CURSEG (a curve sagment) indicates a €enic arc is to be
defined *through' the points P1, P2, ..., PN, while SPLINE
indicates a sequence of cubic Arcs is to be passed through
dhe consecutive points.

Further options are available -- namely, constraints can
be attached to any point by entering them immediately after
the point in question. For example:

P2 {,TanseL, v} {,NoRMAL, WA} {,CRssPL,VC} $
{weIGHT, W} {, LIMIT, 1}
indicates that

» VT 1is a vector tangent to C at P2 in the spline
direction

» VN is a vector normal to C at P2 in the spline
direction

= VC is a vector which may be tangent to a surface
through C at p2

+ W is a scalar weight value +o be used tO move the
point P2 to ohtain a smoother curve

- L is a scalar limit which limits the maximum
movement of P2.

A third option is available -=- namely, assiqgning global
weights and limits to all points,

C = SBCURV /7 |SPLINE| ,WEIGHT,.S e LIMIT,.3 ,P1 ,P2 %
CURSIG

P} ,WEIGHT,1.0 ,P4, ..., BN




In the above case all points carry a weiqht of .5 and a limit+
of .3 except tha® this global condition is overridden at +h=

single point P3, which has a weight factor ot 1.0. The curve
will pass through P3, hut the other points will move.

A great deal of language is planned for the future with
synthetic curves -- in fact, as the name indicates, the
primary future idea is to combine (synthesize) several
synthetic arcs into a single curve, This feature nas not
been implermented in the present system as yet.

1.2.2 3gurfaces

Sculptured sSurfaces permit a variety of definitions --
basically they fall into two cateqgories, namely, definitions
which use points and vectors and definitions which use
previously defin2d synthetic curves. The major definition
forms are presented helow:

XYz
XYPLAN
5 = SSURF / MESH*, YZPLAN . 5
ZXPLAN
SPLINE, P11, P2, ..., PN, 3
SPLINE, Q1, 02, .., QN, 3
SPLINE, R1, R2, ++., RN

Here the P's, Q's, and R's are all points (see Figure 4).

The stream of points P1, P2, ... through PN forms a spline
curve as does the 'Q' stream and 'RY stream. In aildition,
the cross streams -- namely, P11, Q1, R1 for example -- also
should form smooth splines. The word MESH indicates that the
points form a coordinated, but flexible grid in space. The
word *XYZ' indicates that the grid is completely general,
while the presence of another word (such as XYPLAN) indicates
that the grid is somewhat specialized and the surface will
occupy less storage and process more guickly.

As in the case of the synthetic curve a number of
optional constraints may be attached to any point of a MESH,

1.,e, ]

1 . : EIGHT,W
Q ‘{:Epi:;sgr:ﬁr.r}.ﬁcnssm,vc} {{NORMAL, Vif {{WEIGHT, W}

The word MESH is a temporary word. It has been used as a
MAJOE word in ‘'some APT systems, Other words such as *NET' or
'GRID* may possibly replace it in the future,
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Here
= VT is a vector tangent to the surface and spline at Q1

« VC is a vector tangent to the surface and cross spline
at Q1

« VN is a vector normal to the surface (and splines) at
Q1. Tf VT and VC are not perpendicular to the normal
VN, then they are forced to be perpendicular

+ W is a scalar weight which is attached to Q1 to be
used in moving {1 to obtain a smoother curve,
Smoothing is conducted only on the splines in the
major direction and at least three points not on a
line must+ be present for smoothing to occur )

» L is a scalar limit which controls the maximum
movement of Q1 from its original position during
smoothing,

The default value of all weights is 1.0 {certitude) and
of all limits is infinity. Weights can vary reasonably
anywhere from 0.0 to 1,0,

s Sl Al S S SO P i A . (I Wt sl

A second +type of surface definition is the individual
PATCH inpu+, This process permits a programmer to directly
create the individual patches which define a surface, There
are three basic patch inputs: PNTVEC, POLYGN and PNTSON,

The syntax is as follows:
PNTVEC
S = SSURF / PATCH, |POLYGN| , 4, 2, 3
PNTSON

(PL.US
MINUS| , PV1, PV2, ..., PV16, $

 PLUS

[ MINUS) , QV1, QV2, «es, OV16, $

[ PLUS

MINUS| , RV, RV2, «.., RV16, $ (See Figure 4a)

A three patch surface is defined above., The word °*PATCH®
means that patches are individually described, The selection
of PNTVEC, POLYGN or PNTSON indicates the detinition form for
the irndividual patches, U4 is the number ot 'U' boundaries in
the total patch structure, 2 is the numbar of 'V!
boundaries, PLUS or MINUS are primarily markers betwsen

11
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Figure 4a
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Figure 4b
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patches, Each patch is then defined by a combination of
sixteen points and vectors, Please note that it is possible
to defire patches which do not match at their boundaries and
also surfaces which do not have smooth slopes where they
meet. It is intendsd that the programmer will guarantee a
proper match when defining surfaces in this way., Note: the
addition of the number of U's and number of V's in the PATCH
definition is the only sculptured surface syntax change
required for SSIP processing, It should also be not2d that
the PATCH structure shall be rectangular (see Figure 4b).

The *PNTVECt option indicates that the patches are
defined by Coon's point/vector canonical form as shown in
Figure 4,

SP20, SP10, FDOO, FD10, §
SP01, SP11, FDO1, FD11, $
sD00, SD10, TWO0, TW10, §
sD01, SD11, TWO1, Tw11

Here SP is mnemonic for surface point, FD for first direction
vector, SD for second direction vactor andi TW for twist
vector, Fach patch is visualized as a unit sguare which has
been stretched and formed. The corners are still referred to
by their original valuss, i.e., SP0O0 is the surface point at
the u = 0, v = 0 corner, Again, the programmer must input
these vectors in the correct order or unexpected problems may
occur in the desired surface representation,

The 'POLYGN' option signifies that the patches are
defined by points which form a 'Bezier' polygonal umbrella
(see Fiqure 5a). The points must be entered in the order
shown in the figure. In this representation, the points
(cther than corner points) do not lie on the surface, but do
define tanagents ard normals to the surface at the corners,
Fenault Motor wWorks in France (under P. Bezier)} has used this
form successfully for interactive graphics design of car
bodies.

The 'PNTSON' option signifies that patches are defined
SO as to pass through sixt2en points as shown in Flgure 5b.
If several interconnected patches are so defined, they are
subsequently modified to achieve closer slope continuity
across boundaries, The !'PNTSON'! system was originally
installed before the 'MESH' definition and still presents
opportunities of special utility.

The third major type of sculptured d=finitions are those

which detine surfaces by using synthetic curves., The
following definitions are available:

13




SD11 v

spoy (W b

Figure 4. Example of 'FNTVEC' Canonical
Definition of Patch

SP = Surface point; FD = first direction tangent
~ 8D = Second direction tangent; TW = Twist vector
S = SSURF/PATCH, PNTVEC, PLUS,$
SP00, SP10, FDOO, FD10, §
Sp0l1, SPll1l, FDO1l, FD11, §
$D00, SD10, TWO0O, TW10, ¢
SD01, SD11, TWOl, Twll
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Fig. Sb. S = SSURF/PATCH, PNTSON, PLUS, Pl, P2, ..., P16

+Flgure 5, Contrasting Examples of 'POLYGN' and
"PNTSON' Derfinitions
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Surface _of Revolution

[92] I:CLW]

S = SSURT / REVOLV, C, AXIsx, p1, [V e CCLW] , A, B

This statement reads, S is a sculptured surface formel by revolving
curve C around an AXIS defined by the two points P1 and P2 in a clo
direction from ar angle A to an angle B (in degrees). The AXIS mav
by a point and vector. It is noteworthy hare that the curve C is

« either a conic or spline, and
« can *ouch the axis, or
« be twisted out of the plane of the axis, and

« form a closed loop (in which case the surface is a
form of donuty,

Mhese capabilities, combined with the fact that the surface
can be revolved through a finite range of angles and has
linear extensions beyond all boundaries make this surface of
revolution one of unparalleled flexibility.

12—y

L
\Y
§ = SSURF / RULEC, C, AXIS*%*, [;1, Pé]

This statement reads that S is a sculptured surface which is.
RULED (that is, generated by moving a straight line through
space) and that the rulings pass through the synthetic curve
Cc, with a tixed axial direction parallel to the vactor V,

The axial direction of the rulings may also be defired by two
points. since the axis is fixed, the resulting surface is
cylindrical., It is planned that in the future, variable
rulings will be allowed under this format., This will be
possible since varying cross tangent vectors can be attachegd
+o0 a synthetic curve during its definition,

In the S5X3 system the programmer should use the word 'XAXIS!'
instead of '2AXIS'. The word 'AXIS' has not yet been loaded
into the system.

In the SSX2 system, the word 'AXIS' has not yet been loaded

into the Translator Table. For the interim period the word
*XAXIS' is being us=d instead,

16




1.2.,3 Lanquage_Techriques_for Easy Definition

— s s s e

At times *here are complaints that since RAPT is a
symbolic processor, too much data preparation is reguired.
In the case of sculptured surfac=s, since large numbers of
points are required tor definitions, this problem is more
acute, It is well to remember, however, tnat the APT system
has many work-arounds so that these problems are not as great
as they seem,

For example, consider a *MESH' surface defined by
twenty-one points as follows:

Q1 = POINT/ 0. , 1.238, 1,745
02 = POINT/ 01 FJ 2.1 ) 1.3
Q3 = POINT/ .15, 2.9 , 1.2

021 = POINT/10, 5.8, 3.7
S = SSURF s MESH, XYZ, SPLINE, Q1, Q2, @3, Q4, 05,%
Q6, 07, %
Q13, 014, §
SPLINE, Q15, Q16, 017, Q18, 019, $
20, 021

If the above text were prepared on a keypunch with an
automatic duplicating feature then the following formulation
would reduce much of tie encoding to duplication and number
entry only. Furthermore, a synonym may be used for the word
POINT %o further reduce data, Thus the part program would
appear as simple as:

SYN/pPOINT, P, SPLINE, SPL
RESERV/Q, 21

I =20

Q(I = I4+1) = P/C. , 1.238, 1.745
QI = I+ =P/ .1, 2.1 , 1,3
QI = I41) = pr .15, 2.9 , 1.3

Q{I = I+ = P/10, 5.8, 3.7

S = SSURF / MESH, XYz, SPL, Q{(1, THRU, 7), §
spL, 0O(8, THRU, T4}, $
SPL, Q(15, THRU, 21}

If the surface needs'to be transformed in space all that
is required is tha* a *REFSYS/M' statement be placed around
the poin*s herore the sculptured surface is defined or around
the surface definition itself, The latter is not true tor

17




the SCURV/ and SSURF/FEVOLV., Either form of 'REFSYS/M' may
ke used but not both,

A particularly useful feature of the sculptured
processor is that surfaces which are represented by equations
can be rapidly approximated. For example, consider the
surface defired by an 2guation

Z = X2 4 Y3,

This is not in the stardard APT repertoir2 of surfaces,
Suppose the area of interest is in first gquadrant of the XY
plane where X is bhetween 1 and 5 and Y is betw=en 1 and 6,
Then the following loop in APT can pe used to define a
network of points on the surface and approximate the surface
by a sculptured mesh. Please note that the greater the
rumber of points, the more accurate the surface
representation, Also the representation is only accurate
within the bourds of the point mesh.

RESERV/C, 130

J =0 !
X =20

ID1) X = X + 1
Y =0

IF (X - 5) ID3, ID3, IDEND
ID3) ¥ = ¥ + 1
IF(Y - 6) 1ID&4, ID4, ID1
ID4) T = X®X  Y*Y*Y
J=J + 1
0(J) = POINT/X, Y, 2
JUMPTO/ID3
IDEND) S = SSURF/MESH, XYPLAN, SPLINE, Q(1, THRU 6), $
SPLINE, Q(7, THRU, 12), 3
SPLINE, Q(13, THRU, 18), $
SPLINE, Q(19, THRU, 24), §
SPLINE, (25, THRU, 30)

In general, the utilization of the system is limited
mainly by the programmer's knowledge and resourcefulness in
applying the full capabilities of APT to the problem at hand.

1.3 Synthetic_Curve capability

The new type of geometry in the SSX3 syster is the so-
called synthetic curve or *SCUFV*. The word synthe+ic is
descriptive of the ultimate objective for this curve --
namely, that it be possible to describe curves which are made
up (or syn+hesized) from many different arcs. However, at
present a synthetic curve can be either

« a twisted spline in space or else

18




« a planar conic curve in space.

Synthetic curves mathematically are interlinked cubic
{parametric rational cubic) arcs., In the case of a conic --
a single arc is used for the description, while in the case
of a spline, a cubic arc is inserted petween consecutive
input points along the spline., Beyond the boundaries, these
curves are treated as linear extensions of the final tangent
vector,

At present, there is no direct interface between
synthetic curves anrd other APT definitions (i.e., lines,
circles, ellipses, ete¢,), There is an indiract interface --
for example, if an APT circle is known, then points can be
obtained from it by geometric construction and these poirts
can then be used to define the synthetic form of the same 1
circle,

The programmer should be aware of the following
conceptual differences between a synthetic curve and an APT
surface,

« A synthetic curve is a true space curve, i.e,, it is not
a cylinder, It should be conceived as a thin wire in
space,

= A synthetic curve is bounded =-- that is, it extends from
one finite position in space to another. ©On the other
hand, APT surfaces are infinite or extent.

« Ordirary concepts of tool control do not apply directly
to synthetic curves,

1.3.1 Conic Arcs

A variety of conic arcs can be definad by the curve-
segment. (CUFSEG) option of the synthetic curve language. All
of the definitions deperd on an orderly stream of points
which approximately lie on the arc in question, 1In
particular the programmer must provide the starting and
ending points of the arc, A cuxve segment can only be a
finite, contiguous arec, For example, it cannot represent two
branches of a hyperbola at the same time, As mentioned
earlier, the basic definition statement for a curve segment
is of the following form:

¢ = SCURV / CURSEG, Pt, P2, P3, P4, ..., PN
The points should proceed in an orderly stream from one end
of the arc to the other. As mentioned earlier constraints

may be entered a* any point, including tangent or normal
vector constraints and weights or limits,
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In the case of CURSEG definition, the meaning of weights
and limits is that the points should first be moved and then
a conic should subsequently be fit through the new positions,

A conic arc is uniquely defined by five conditions
(three poirts and two vectors)., Any additional data amounts
to overkill =-- so that if a programmer inputs a total of more
than six points and vector conditions he will receive a
diagnostic and the definition will fail.

« The points must lie in a plane,

« All tangent vectors must lie in the same plane as the
points.

« The sum of all points and tangent vectors must not
exceed six.

« The points and tangents must not force an inflection in
the resul+ting arc.

« No two points in the input should be identical.,

of arc, (llenca a complete circle or even semi-circle
cannot be defined as a single curve segment).

« In the case of an SCURV, the direction of flow of the
curve is determined by the flow of the input points,
Any tangent or normal constraints can point in either
direction and will be automatically adjusted «o point
in the same direction as the point flow,

+ Finally, the processor generally attempts to fit a conic
closely through all of the data, but an exact fit is
guaranteed only under special conditions., In all cases,
the arc does match the end points and also end vector
directions if any directions are provided.

The following describes the system action for various
inputs,

Iwo conditions

If two points are input, a straight line segment from
the first to the second is generated,

Three_conditions

There are five possible ways in which thr2e conditions
can be input, They are:

C = SCURV/CURSEG, P11, P2, P3
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C = SCURV/CURSEG, P11, TANSPL, V1, P23

C = SCURV/CUFSEG, P1, NORMAL, VN1, P13

¢ = SCURV/CURSEG, P11, P3, TANSPL, V3

C = SCURV/CURSEG, PY, P13, NORMAL, VN3
In all of the ahove cases an exact circular arc is fit
through the input data. The use of a normal vector is
particularly useful when the center of the circle is xnown,
since a normal vector is then the difference between tiie

center and one end point of the arc.

Four conditions

Four conditions are in general too many to defins a
circle, and too few to specify a unigue conic. Cons2guently,
the processor tries to determine a 'smooth' conic which
approximates the data., If three or four points are input,
the conic does not pass exactly *hrough the interior points.
Howevey, any end slopes are matched. Finally, it the four
points should lie on an exact circle, then a circular segment
will be defined,

The one input format which guarantees a unique general
conic is the format where three points and slope vectors
(tangent or normal) are provided at each end. 1In this case
a unique conic matching all of the input conditions is
generated,

1f five or even six points are input, only one of the
interior points will te matched. The others will be used
only to determine approximate slopes at the ends and the
resulting conic will ke an approximation to some of the
input, For example, up to six points may be chosen on an
ellipse, but the resulting *CURSEG! arc will be a conic which
only approximately fits the interior positions,

1.3.2 Splires

— s s i

A synthetic spline curve is defined by tlie forma+t
5 = SCUFV/SPLINE, PY, P2, s+, PN

2s mention=d earlier, various global and local constraints
can be applied at the input points. The resulting spline
which is generated consists of a set of interlinked cubic
arcs, each spanning the space between ¢onsecutive input
points,
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The presence of a TANSPL or NOPMAL vector constraint at
any interior point of the spline actually causes the spline
to be split there for purposes of slope determination. This
feature allows a splin2 to nejotiate a sharp corner without
universal wrinkles by the addition of only one or two
constraints., However, if weights are used, the spline is
first treated as a whole for purposes of smoothing and split
later for final slope determination,

The input points do not have to lie in a plane, For
example, they could lie on the outer periphery of a winding
helicoid. In gereral, two consecutive points should not be
equal, However, the first and last point of the spline can
agree in which case a smooth, continuous closed curve is
automatically generated,

The points in a spline do not have to be spaced at equal
intervals, However, programmer experience is definitely an
asset regarding practical choices in the number and
distribution of points required for a good fit.

1.3.3 Verification Listing

The programmer receives a verification listing each time
a synthetic curve is defined, This consists of three
components:

« the blocked input data before the input is subjectz2d
to splining and conic fitting algorithms;

- a display and analysis of the curve segment by
segment, showing points, tangent, vectors, normals
and radii of curvature at five positions on each
segment, This part of the display is most useful
toc part programmers;

« the blocked output structure which is the final
canonical forr of the curve. This part of the
output is of little use to the part programmer
and is included temporarily as an aid in systems
validation, since the curve is a brand new feature
in the system,

A sample curve definition and listing are shown in
Figure 6, Note in the listing that all spline points have
been translated to a local coordinte system with the first
spline point +«he origin. This is for purposes of compression
(see section 1,1.9). ~

1.3.4 Size Considerations

R synthetic curve can describe curves of any practicable
physical size, either small or largye. However, there are
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limits on the amount of data which can be used in a single
curve dezfinition,

« The system cannot handle more than 5S4 points in one
def inition,

+ The numerical size of the synthetic curve is usually
not a problem, However, more important is the amount
of data generated when using it in a large sculptured
surface defirition. The size limitations are as
follows:

CUFSEG case: therz are no overflow problems; the
largest SSURF that can be defined would be one with
only 3 patches,

SPLINE case: maximum of 54 points when combined in a°
RULED surface definition, The maximum for a REVOLV
surface is 39 points for .GT. 120°; 23 points for
«LT, 120° and .GT. 240°; 16 points for ,LT., 24009,

1.4 Surfaces

There are four major cateqories of definition for
sculptured surfaces, namely, MESH, PATCH, FEVCOLV and RULED,
All of these definition methods have a great deal in common
-~ they have all been developed to give the programmer useful
ways in which *0 define a surface, and the resulting surface
is always a patch structure and is displayed arnd analyzed as
such.

1.4.1 MESH-of-Pecints

The general MESH-of-points surface (see Figure 7) is
still the most important capability in the SSX3 system. A
set of points defining roughly parallel curves across the
surface are input to the MESH processor. These determine the
major splire direction, Each spline must contain the same
number of points, There is an added difficulty in the MESH
definition that these points must also be coordinated in +he
transverse or cross-spline direction so that smooth splines
can be generated in that direction as well, 1In the example
shown, four splines are fit in the major spline direction and
tive splines are fit in the cross direction, The resulting
slopes at the junction points are used to interpolate surface
patches among neignhoring points,

The resulting number of patches is twelve, which can be
computed as the product of the number of points per spline
less one times the numbher of parts per cross-spline less one
(i.e,, 12 = (5-1) x (4-1)). The patches are numbhared
sequentially first in the direction of the major spline and
rext in the direction of the consecutive cross splines,
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S = SSURF/MESH, XYZ, §
SPLINE, Pl, P2, P3, P4, P5, TANSPL, VS, $

SPLINE, Ql, Ol, Q3, Q4, Q5, §

SPLINE, Rl, RZ, R3, R4, RS, §

SPLINE, S1, CRSSPL, VC, S2, S3, S&, §
NORMAL, VN, S5

Figure 7. Mesh-of-Points Illustration
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since patch verifica+*ion listings provide a display ot
patches in their sequential order, it is usetul to a
programmer <0 know the logic used in determining this
sequential layoue.

The concepts of vector constraints and smoothing have
been treated in previous sections, In the mesh definition
there is presently no way in which to effect a global setting
of weights ani/or limits. In other words, weight or limit
constraints must be entered at every point where the
programmer wishes to change them from thes default values.
2lso, the programmer should be aware that the smoothing
concept for a mesh applies only to individual curves in the
major spline direction. These curves are each smoothed
individually without regard to the position of other curves
in the mesh, The basic problem here is that unwanted '
fluctuations may %hen occur in the cross direction because
the smoothing does not presently consider the cross fitting
problem when adjusting the major splines.

A1l of the mesh definitions have a striking capability
to describe a rulad surface which is generated by a straight
line sliding along one or two curves in space. The original
*RLDSRF! in the APT system is an example of this, However, a
different group of ruled surfaces can be generated using the
sculptured surface 'MESH' definition, The idea is that any
time the programmer inputs only two spline curves in a mesh
definition, his implication is that he wishes to define a
ruled surface where the rulings span the space between the
two splines. There is a high degree of control of the
rulings by the programmer in that each two corresponding
points of the two splines are connected by a ruling, A
perfect ruled surface is not created if either a CRSSPL or a
NORMAL cons+traint is present. For an example of a ruled MESH
surtace, the helicoidal surface in Figure 8 was defin2d by a
mesh of points,

R specialized version of the mesh surface can be invoked
whenever the defining grid points form a parallel grid in one
of the coordinate planres, If the parallel condition is
satisfied, ths part programmer r2ques+s the special mode with
one of the words 'XYPIAN*, *YZPLAN' or 'ZXPLANT', whichever is
appropriate, Figure %a illustrates a case wheére the 'XYPLAN!
can be used successfully and Figure 9b, a case where it would
be invalid. Relevant to SSX3A/SSIP, this specialized vearsion
of +he mesh surface offers no advantage in data size or
AFELEM efficiency. Also it shoudl be noted that 'XYPLAN'
option produces a slightly different surface that the more
general 'XYZ' mode.

A number of constraints are imposed on the input points

-- namely, that two consecutive input points on a splire or
cross spline may not he identical, or else, for any three
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Figure 8. A Helicoidal Surface Defined by a Sculptured
Ruled MESH of Points.

27




F3

z

Figure 9a.

A Valid XYPLAN Mesh of Points

An Invalid XYPLAN Mesh of Points

" Figure 9b.
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consecutive points of a spline, the middle point must project
somewhers in the interior of the line segment between the
outermost pair,

The programmer must be aware of certain size limitations
built into +he SSX3/SSIP system -- otherwise, he may 2asily
define surfaces which are too large for the system to handle,
The maximum mesh sizes are tabulated below.

SURFACE SI7E

NPS x NPC NUMBEK NUMBER NUMBER
OR OF OF PATCHES OF WORDS
NPC__x__NPS ____ POINTS (NPS=1)_x_ (NPC=1} {4 _x NP_4+ 18)
2 x 54 108- 53 450
3 x 31 93 60 399
4. ox 22 88 63 370
S ox 17 B85S 64 358
6 x 10 84 65 354
7 x 12 8u 66 354
8 x 10 aC 63 338
S x__.9 81 64 342

NP = NUMRER OF POINTS
NPS = NUMPER OF POINTS PER SPLINE
NPC = NUMEER OF POINTS PER CROSS SPLINE

A large numher of constraints applied within a mesh
definition will increase the word count and could cause an
overflow within 1000 word table (DEFTAB). Therefore, the
following algorithm should be applied for predicting the
maximum word count.

(NUMBER OF WORDS) + (NUMBER OF VECTOR CONSTRAINTS x 5) ¢
{NUMBEF OF WFIGHT CONSTRAINTS x 2) = TOTAL NUMBEE OF WORDS
As an example, a general XYZ MESH surface defined by 7
splines with 12 points each and 72 vector constraints and 590
welght constraints, would yield a numerical surface size of:
354 + (72 x 5) 4+ (50 x 2), = 814 words
consequently the above mesh definition fits well within the
confines of the 1000 word limits, There are no restrictions

on the number of sculptured surtfaces defined in a single part
program,

1.4,2 PATCH Defiritions

The *PATCH! definitions were the first implemented in
the sculptured processor. At the time of formulation, they
were desigred to prove the feasibility of using the patch
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technology in APT. However, these definitions still serve
three major funcions =- namely,

« they provide a learning tool to aid programmers in
building an understanding of the patch concept

« they provide a means of interfacing between special
design preprocessors and the APT manufacturing system

« in many cases, they provide the means of describing
complex shapes with very few patches. However, the
prograrmer must possess greater understanding of the
underlying technology than with the MESH approach,

There are three major types of PATCH definitions --
namely, the PNTVEC (mnemonic for point-vector) format, the
POLYGN {mnemonic for +he Bezier Polygon approach) and PNTSON
{mnemonic for the points-on-processor),

Patch Definition - PNTVEC

In the 'PNTVEC' version of the patch definition ([Figure
4) four corner points, major first direction tangents, Cross
or second direction tangents and twist vectors are introducad
at each corner. Both the length and magnitude otf these
vectors are siqgnificant to the surface shape, These points
and vectors actually represent the canonical form of Coon's
patch == that is, in every sculptured surtface *he final
representation of surface patches is by means of Coon's
canorical form points and vectors. Accordingly, the PNTVEC
method can, at times, be used as a direct override of
sculptured surface mathematical smoothing techniques, 1In
general, the corner points and tangent vectors control the
shape of boundary curves of a patch, For good general
results the length of these tangents approximate the length
of the curves, Finally, the twist vectors modify slopes
across the boundaries of patches and accordingly modify the
interior shape of a patch. A mathematical definition of the
surface represented by Coon's canonical points and vectors
was provided as an aprendix to the release documentation of
the 5sSX2 system.

Patch Definition = POLYGN

The essential idea of the 'POLYGN' input is to define
boundary curves not hy points on the curves directly, but by
'‘characteristic' polygqons =~ which detine the important shape
characteristics of the curves and patches. Tnis definition
of patches adapts itself particularly well to on-line inter-
ac+ive design using only ?'small* computers. The definition
has been particularly included in this processor so that
surfaces which are defined elsewhere in such modes of
operation, can then be input directly to APT by the
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sculptured surface processor to perform the manufacturing
function.

Figure Sa shows a typical characteristic polygon of
points and the resulting surface. ©Notice that only four
corner points actually lie on +he patch, The remaining
points determine a polygonal 'umbrella' over the surface
which controls tangent directions at patch corners. The
'POLYGN' input always demands sixteen points per patch,
However, if *he eight central points are identical, a ‘rulad®
patch will be genarated across two parallel boundaries, and
if the four 'central! points are identical, then a patch wi+th
zero twist vectors will be generated (see Figure 10a ard
Figure 10bh).

A third method of defining indjividual patches is by the
* PNTSON' method. 2n example of this type of definition is
shown in Fiqure 5b, The 'PNTSON! method accepts a small mesh
of sixteen points to define each patch. There is a
difference, +though, between this definition and the other
patch definitions == namely, that after processing the
definition of each individual patch, the system performs
global processing *0 insure that patches blend smoothly
together, During this process of blending, there is no
longer a guarantee that the final surface actually passes
through all of the interior points -- only that the surface
is blended and makes an approximation to the input, There
are many defaul+ conditions available in the PNTSOUN
definition for a single patch. If two of four points which
define a boundary are identical, then the boundary will be a
straight line, If three instead of tfour distinct points are
defined for a boundary, a parabolic-type curve on the
boundary will be generated, If the eight central points are
identical, a ruled patch will result and if the four central
points are identical, a zero twist patch will result. In a
sense then, the 'PNTSON' processor c¢an be used as a learning
tool for Coon's canonical form. There are also times when a
single~patch is all the sculptured surface required for a
giver job., It should be noted that the input for a *PNTSON'
patch is far mores randomized than a mesh., The illustration
tries to convey this concept by placing the sixteen points in
a non-uniform spatial relationship.

The maximum number of patches allowed within a "PATCH®
surface are 16,

1.4.3 gurface of Revolution
The surface of revolution is a new surface in the

sculptured system, It is defined by revolving a synthetic
curve around an axis in space., This processor actually
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generates a mesh-like sculptured surface, FEach segment of
the synthetic curve sweeps out from one to three patches as
it revolves around the axis. a single patch can span up to
one hundred and twenty degrees of revolution. As mentioned
in tne language section, this surface of revolution has few
practical constraints ~- that is, the curve need not lie in
the plane of the axis, the curve can touch or cross the axis,
the curve can be multi-valued with respect to the axis (for
example, a closed circle) and the anqular extent of the
revolution car be restrained within finite bounds. A limitad
angle of revolution is very useful for die sinking a cavity
-~ by generating only the lower half of the surface the part
Programmer does not have to contend with interference caused
by the presence of an undesired uoper halt of the surface,

The lanquaqge for defining a surface of revolution (as
described earlier) is !

P1, Vv CLW
S = SSURF / FEVOLV, C, AXIS, P11, P2 CCLY « A, B

Where C is a previously defined synthetic curve. The axis is
a directed space line passing from the point P1 to P2, 1In
order to determine the rotational sense for the surface ths
progragmer should imagine placing his =2ye at P2 and looking
toward P1 or the vector directed towards the programmer, The
first point of the curve C which does not lie on the axis
determines a zero-angle for referencing other angular
positions. 2angles are measured as clockwise or
counterclockwise from the programmer?®s sighting point at P2,
In case a full surface of revolution is to be genarated, the
angles 0 ard 60 must be entered, however, a full 260 degree
surface is no% recommerded within SSIP. Difficulties may
arise during arelem processing,

While a curve can cross the axis of revolution and still
define a surface, a programmer should treat such a surface i
with caution since the surface reduces to a point at the
axial intersection and surface normals perform a dangerous
reversal around this point,

It is perfectly valid that the profile curve be a
straight line. 1In general, if a straight line is revolved
around an axis, a section of a cone is generated, Since
extensions ares linear, the extended surrace is a complete
cone, However, an attempt to move from one branch of the
core to another will mee® with failure, since the apex of the
cone is a sirqularity of *h2 surface, If the profile line
does pot lie in the same plane as the axis, then a section of
a hyperbola of revolution is generated, Wwhat this shows is
that the concept of rotating a twisted profile curve around
an axis can be highly relevant to real problems, Finally, it
should be no+*ed that the profile curve can be multivalued

———em ey o an w
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with respect to the axis, For example, the closed curve in
Fiqure 11 may ke rotated around the axis to form a donut ==
or more practically, the surface of an auto tire.

For size limjitations see Sigze_considerations (Section
1.3.4).

The format for generating a cyllndrlcal surface from a
synthetic curve C is

S = SCURV / RULED, C, AXIS, V

This feature is not extremely significant at the present

time. However, it will be very significant in the future -=-
for, when a synthetic curve becomes a composite of conics and
$§plines, this cylinder will represent a general 2-D contour.
Secondly, in the future synthetic curves will be used
extensively for defining general surfaces, Then, it will be
very useful to construct cylinders or ruled surfaces through
these same boundary curves to use them as bounding surfaces
for cutter control.

For size limitations see Size Considerations (Section
1.3.4),

1.4,5 Verification Listing for Surfaces

All sculptured surfaces, whatever the definition --
generate a patch structure. Subsequent to definition, the
programmey receives an analysis of the surface on his print
output, This analysis proceeds by first displaying corner
points, slopes, surface normals and curvatures for each
patch, When used intelligently, this listing can tell the
programmer a great deal about his surface and can also be
used to detec* errors in the input, For example, if one
point in a mesh of points is grossly out of position {say
from an encoding error) the surface area of the affected
patches and possibly the entire surtface will be abnormal,
The verification listing for a sample part program is
explained below,

1.4.5.% General Descrivtion of a_Sample Part Program

A complete verification listing of a part program
execution using sculptured surfaces is shown on five pages in
Figqure 12, The surface defined is a simple two-spline
sculptured ruled surface.

Figqure 12a lists the input part program, and Figures 12b

and 12c show the surface analysis and display data for the
generated sculptured surface, This display will be explained
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in detail later, MNote, however, *that this display outputs
the total surface area and the worst curvatures encountered
on the surface,

1.4.5.2 Description of sSurface Apnalvsis _and_Display

In Figqures 12b and 12c of the axample part program,
there is a detailed analysis output for the surface. This
output is admittedly somewhat voluminous -- however it serves
two purposes, One purpose is that a great level of detail is
required by system programmers to cross check the surfaces
which are being generated by this complex experimental
processor. DBut even more important =-- certain parts of the
information allow a part programmer to judge the quality of
the surface without even seeing a picture of it. A
description of the output on these figures will bhe given,
including references to additional pictures and graphs as
necessary. '

The part defined in this sample part program is sketchad
in Figure 13, Here you see graphically a structure of three
surface patches which is generated by a mesh input consisting
of two splines of four points each,

Refer now to the analytic output displayed in Figure
12b. The header information is self explanatory, It should
be noted that, whereas the total size of the structure in
this sample is 115 numbers, approximately 2600 numbers may be
used to define a surface in the current system. Also it
should be noted that the first point of the first patch is
the origin of a local coorinate system and all other points
are translated accordingly,

Now continue to sgcan Figure 12L. Three blocks of
information follow ~-- one for each surface patch, The points
and vectors SP00, FD0O, etc,, are coon's canonical form for
each patch. For more detail on this symbolic notation, refer
to the earlier section in this documentation which describes
the 'PNTVEC' definition of a Coon's patch. In order to
obtain a better intuition on the meaning of these vec+ors,
refer to the magnified picture of patch number 1 in Figure
14, Here, some of these symbolic vectors are plotted on a
sketch of patch number 1., The patch is parameterized as a
(u, v) unit square with the uevalue proceeding in the major
spline direction from P?' (SP0C) to P2 ({SP10) and the v-value
proceeding in the cross spline direction from P1 (SP20) to S1
{sP01). In order *o gain a quick idea of the orientation of
this patch in space, skip to the ninth line of that patch,
Here you will find the center point of the patch (u=,5, v=.5)
and its unit normal to be:

SP55 = .5, 1.5, .49
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Previous Verification Listing
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SNSS = '065. 003' 75
]

In order to obtain the relation of this patch to others
in the structure, observe the boundary information on line
number 9. The boundaries B1, B2, B3, and 34 are clearly
marked on the fiqure and it can be seen that only boundary B3
has adjacen*t patches, namely patch number 2. In other words,
B3=2. It is of interest to examine surtace normals display=d
on the right-most columns of the page -~ especially since
this is a ruled surface, 1In particular, three surrface
normals are output along the center (u=0.5) ruling of the
patch, namely SNS¢, SN55, and SNS1., Note that these surface
normal vectors are not parallel so that this patch is a
twisted ruled surface as opposed to a developable one. In
case that these normals were all parallel -- then and only
then would it be possible to 'develop' the surface -- that is
roll it without wrinkles or stretching onto a plane.
Furthermore, since these normals are different -~ it is not
truly correct to lay a cutter along a ruling or to move
across a ruling with a single cut vector., Some gouging in
either case will occur, However, by examining this output,
the programmer may make some judgment on the severity of this
‘twisting' eifect.

In addition to Coon's canonical vectors and surface
normals, the last line for patch number 1 describes surface
curvatures at the patch center (Figure 12b)., If a patch has
a generally consistent curvature, then th2 curvature analysis
at the center of a patch is frequently of use in judging the
character of the complete patch. However, there are times
when curvature of the patch center is not representative of
the total curvature of the patch and the use of this output
is a judgment factor on the part of the programmer,

There are four curvatures and two radii output at the
center of patch number 1, Curvature is nothing more than the

‘inverse of the radius. For example, a curvature of 2 would

signify a radius of 1/2. Curvature is a preferred quantity
Pecause a plane has a curvature of 0, but its radius is
infinity. Surface curvature is also a siqgned quantity, The
idea of sign is based on the 'natural! surface normal to tha
surface, If the surface curvature is *cupped' toward the
normal, then the curvature ‘(and radius) is positive, while a
curvature ‘cupped! away from the surface normal is negative,
The picture of curvature is still not complete because a
surface really has many curvatures at a point, A saddle
surface, for example, has both positive and negative
curvatures at every point{ Curvature in any direction at a
point on a surface is measured by slicing the surface with a
plane which contains the surface normal. As this plane is
rotated around the surface normal as an axis two extreme
curvatures are encountered (a largest and a smallest). These
two extreme curvatures are called the principal curvatures of
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the surface, and they actually occur in perpendicular
directions,

The first two numbers printed on the last line of the
output display (Figure 12b) for patch number 1 (at
‘CURVATURES AT SP55'=_, are the two principal surface
curvatures, Likewise, the radii output at the end of this
line ("RADII=') are the reciprocals of these numbers,

Because *hese numbers are opposite in sign, the programmer
can immediately deduce that the surface does have a gentle
inflection, Also the sharper’ curvature (-3,294 radius),
curves away from the 'natural! surface normal (SN55=(-,65,
.037, 0,75))., This is expected from the definition., 1t is
surprising that one of the curvatures is not zero =-- because,
after all, this is a ruled surface., What could be wrong!

The answer is nothing! As mentioned earlier, the ruled
surface is a 'twisted' ruled surface so that there is no zero'
curvature direction on the surface -- in a sense, surface
Sharacteristics are quite different than the character of
curves which generate the surface. Thus, straight lines can
generate the ruled surface, but the curvature of the surface
is not necessarily zero.

Two additional curvatures are output at the center of a
patch -- the so-called Mean and Gaussian curvatures, These
curvatures are merely the arithmetic mean and product of the
two principal curvatures as can be seen below,

Principal curvatures K1 = ,04697 and K2 = =0, 30358

Mean curvature = K1 4 K2 = ,04697 - ,30358 = -,2566

Gaussian curvature = K1 % K2 = (,04697)%(-,30358} = -,01426,
‘ 2

Gaussian curvature is a very informative guantity. A
positive Gaussian curvature means nQ intlection, while a
negative Gaussian curvature means the surface does have an
inflection. (An inflection means that the surface cuts its
own tangent plane). The only time the Gaussian curvature is
zero is for developable surfaces =-- i.2,, one that can be
rolled out on a plane without changing relative distances on
a surface., There is also a very direct interpretation of the
Gaussian curvature, namely the ratio of the spread of the
surface normils over a region around a surface point to the
area of the region itself., This number, better than any
other, describes surface curvature at one point.

This completes the description of the analysis provided
for individual patches. As mentioned already, the display is
detailed, bhut certain key quantities can guickly be extracted
which will tell +*he programmer a great deal about the surface
of patches which he has defined. .

43




The second item on the patch display {(Fiqure 12c)
consists of three bits of information about the complete
surface -- ramely the total surface area can be useful for
two purposes =-- it tells the programmer how much area he
must clear, and it can intorm him of gross errors in his
input. That is, if by accident, one point is drastically
misplaced in the mesh definition, and if the mesh definition
processes without error, he may then notice a larger surface
area than he was expecting -- leading him to further study
the situation. The two worst curvatures and radii are
obtained by saving the algekraically largest and the smallest

‘curvatures computed at the patch centers. They inform the

programmer, based on his judgment as mentioned before, of the
most extreme curvatures encountered on the surface, The
programmer may then use these curvatures as a gquick measure
of whether the surface inflects at all (if both worst
curvatures have the same sign, there is no inflection), and
of how severe a curvature is present, In addition, the
programmer canr use this information in judging the largest
cutter radius which can be applied to the surface without
gouging., Beware, that this judgment depends on the side from
which the surface is to be cut, The data output in our
example indicates that the 'natural' surface normal is
generally plus 2 oriented., 1In order to apply the cutter from
+he plus Z side of the surface, the dangerous surface radii
are those which are cupped toward the cutter (in other words,
positive surface radii). The largest positive radii
encountered is 1%,02887 at the center of patch number 3, so
that, in effect, there is no significant gouge problem from
the plus 7 side of the surface, On the other hand, in
cutting the female version of the same surface, the cutter
radius should not be larger than 1.83616 inches, and this
curvature occurs at the center of the second patch.

S0 much for the generalized surface numbers, In the
special case where a surface is defined by a mesh, a simple
display of the final points and normals on each spline is
printed, Recall that if weight constraints are used in the
spline definition, then the points displayed may be different
from the input points =< otherwise, they should be identical.

1
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SECTION 2

BART EROGRAMMER GUIDE




2,  PAET PROGRAMMERS GUIRE TQ_SSIP
2.1 Gengral Remarks .

The purpose of this section is to assist the part
programmer in the use of SSIP. The programming techniques
indicated have been tested but not rigorously in the sense
that any guarantee could be attached to the reliability or
capability of the system or its documentation, The major
advantage over other systems is an improved reliability and
performance efficiency for a useful set of surfaces and
cutter paths,

This documentation was not designed to stand alone bhut
rather to he used in conjunction with the System/360 APT Part
Programming Manual. It is concerned only with those features
which are peculiar to SSIP or which differ, in one respect or
another, from what is found in IBM ARELEM, At the end of
each section segment, when applicable, cross reference is
made to the manual mentioned above, more specifically, the
Version IV Edition, bearing the serial number GH20-030%-4.

-

There are some items which, conceivably, should have
been included and were not, such as multiple intersections
and the special feedrate option, It was felt that the
differences here between 35IP and IBM ARELEM were
insignificant,

2.2 CUTTER

The format of the cutter defining statement is:

CUTTER/d,r,0,0,0,b,h

where:
d = diameter at cutting end
r = corner radius
b = bevel angle in degrees
h = height

Ll

These parameters are shown in Figure 15, SSIP does not
recognize the third, fourth, fifth (e,f,a) parameters of the
System/360 APT CUTTER statement. These parameters must be
set to zero. Any combination of d, r, b, h which produces a
real shape is permissible, The parameters (d,r,h) must be
positive, as in System/360 APT, but the parameters (b) may be
negative and the parameter (h) may be less than the corner
radius (r), Of the 4 tool elements - top, side, corner
radius, end flat - any or all may reduce to zero. Two
alternata forms of the CUTTER statement are acceptable:

CUTTER/d, r

45




Figure 15

Undercutting:

Qveggutting: \

‘Figure 17
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CUTTER/d

It should be noted that where (h) is not specified, it
is equated to (r); where (r) is not specified, it is equated
to (0); where the CUTTER statement is not specified, or where
it is invalid, all parameters are equated to (0) and
processing continues,

RPiagnosticy:

-617 Contact point not between tool top and bottom
1010 CUTTER/--~- statement no good

Cross Reference: System/360 Part Programming Manual:
5.01.01,

2,3 Telexange Spegification
2,3.1 Iﬁsz‘_QQIIQL_ggdamgLEB: are three words which

relate to the tolerance control of a contoured surface, In
System/360 APT, INTOL stipulates undercutting; OUTTOL and
TOLER stipulate overcutting. Undercuts on a convex surface
are chordal; undercuts on a concave surface are *angential.
The opposite is true in overcutting., Overcuts on a convex
surface are tangential; overcuts on a concave surface are
chordal. Refer to Figures 16 and 17.

SSIP accepts each of these three words but does not
apply them as described above, 1In SSIP the cut vectors, as
related to the surface, are always chordal. Accordingly,
there is undercutting where the surface is convex and
overcutting where the surface is concave. The allowable
crown height, or maximum distance from curve to chord, is the
sum of INTOL and OUTTOL, Default settings are as follows:
INTOL/. 0005, OUTTOL/.0005 and TOLER/.001. When TOLER/n is
specified, OUTTOL is set equal to TOLER and, if n is greater
than 0005, INTOL is set to zero. If n is less than .0005,
INTCOL remains unchanged. Finally, SSIP will ignore INTOL/n,
if n is less than ,00001, The following examples point up

usage and effect: ' T T

a, Default (See Figure 18)
.00t
c1 CIRCLE/11,11,10
L1 LINE/3,11,7,71
PTY = POINT/XSMALL,INTOF,L1,C1
GOTO/PT1
CUT, PENDWN, INDIRV/1,1,0
GOFWD/C1, L1
PENUP, DNTCUT

[

Figure 18
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. 00858

be. INTOL only (See Figure 19)

INTOL/Z,005

C1 = CIRCLEZ11,11%,10
L1 = LINE/3,11,7,11
PT1 = POINT/XSMALL, INTOF,L1,C1
GOTO/PT1
CUT, PENDWN, INDIRV/1,1,0
GOFWD/C1,L1
PENUP, DNTCUT ‘ Flgure |9

c. INTQL_apnd OUTTQL (See Figure 20) ,010

INTOL/, 005

OUTTOL/.005

c1 = CIRCLE/11,11,10

L1 = LINE/3,11,7,11

PT1 = POINT/XSMALL,INTOF,L1,Ct

GOTO/PTI

CUT, PENDWN, INCIRV/1,1,0

GOFWDsC1,L1

PENUF , DNTCUT Figure 20

2.3.2 GQUGCK

Sometimes the diameter of the cutter is too large as
related to the sharp curvature of the surface or, conversely,
+he curvature of the surface is too sharp as related to the
large diameter ot the cutter. Such a relationship can make
for an erratic cutter path. For this reason the GOUGCK
teature was added to SSIP. It applies only to the drive
surface.,

GOUGCK /ON
GOUGCK/0OFF

Originally, it was felt that the special calculation
phase occasioned by GOUGCK/ON was very time consuming, but
this is no+ the case, Accordingly, the default is GOUGCK/ON
and this is contrary to the default in System/360 APT.

2.3.3 MAXDP

Relates to tolerance, inasmuch as it controls maximum
step size., In System/360 APT it applies only to steps
arrived at by iterative rather than analytical methods. By
way of example, it would not apply if DS, FS and CS were
planes. The default setting in System/360 APT is ten (10).
The default setting in SSIP is two (2), and it applies to any
motion which involves DS, PS and CS. '

gcross Reference: System/360 Part Programming Manual:
5.01.02, 5.05.
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2.4  cutter to Surfgce Relationghips
2.4.1 PRart Suxface

Two APT words (modal) describe the relationship between
cutter and part surface: '

&

TLONPS
TLOFPS

TLONPS specifies that contact between cutter and part
surface be at the tool end point., TLOFPS implies that it be
at the point of tangency between cutter and surface, by
specifying tha+t the tool end point be off the part surface.
If neither is specified, TLOFPS is assumed with one
exception: when TLAXIS/NORMPS is in effect, the cutter to
surface relationship is always TLONPS, any absence of
specification or specification to the contrary
notwithstanding,

2.4.2 Drive_ surface

The following APT words imodall describe the
relationship between cutter and drive surface:

TLLFT
TLRGT
TLON, TLNDON

If the part programmer imagines himself as sitting on
top of the cutter and looking in the direction of motion then
TILFT relates to the left side of the drive surface, TLRGT to
the right side of the drive surface., TLON and TLDNON are
synonymous, each specifiying that the tool end point is to be
located on the drive surface, SSIP differs from System/360
APT in three respects, In Ssip, the default is TLON.
Secondly, if a modifier is specified which does not agree
with the current position of the cutter, the position of the
cutter is changed to agree with the modifier, A =501 warning
is issued -=- An unprogrammed move was output by SSIP.
Thirdly, when SSIP encounters_a GOBACK statement it changes
the TLLFT/TLRGT settings. The new setting is modal,

2.,4,3 check Surface

The following APT words (non modal) describe the
relationship between cutter and check surface:

TO

ON

PAST

TANTO, DSTAN
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There is no difference between SSIP and System/360 APT
in the meaning or usage of TO, ON or PAST and the default in
each processor is TO, In reqard to the synonyms TANTO and
DSTAN, SSIP will honor them only if the subject check surtace
is a plane, cylinder or cone, SSIP differs also from
System/360 APT inasmuch as it does not recoynize PSTAN,

2.4.4 Multiple Check Surfaces

The System/360 Part Programming Manual states that the
maximum number of check surfaces allowed for a cut sequence
is three, Not so in SSIP where the maximum is two. Another
difference is this: SSIP requires each surface to be in the
path of the cutter, IBM ARELEM does not, TRANTO, although
not restricted to, is used in conjunction with Multiple Check
Surfaces, SSIP and IBM ARELEM both require that the transfer
be to a statement which will generate a PROTAP record. SSIP
further requires that the transfer be forward and not
backward or, in other words, to a subsequent and not a
previous statement,

Riaggostics:

282 PS is parallel DS cannot proceed

329 (PERPTO) vector direction too far from forward sense

1703 Cosine argument, angle between TLAXIS and surface
normal, no good -

1704 TLON mode not allowed

cross_Reference: System/360 Part Programming Manual:
5.02,01, 5,02,02, 5,02,03.

2.5 Tool axis Specification

Tool axis control is effected by means of the TLAXIS
statement. SSIP allows this statement to take on many forms,
‘Some of these forms are recognized by other processors, some
are not, Turnabout, some forms which are recognized by other
processors are not recognized by SSIP. All tool axis
settings are modal with the exception of TLAXIS/i,3j,k
described in 2.5.2.

2.5.,1 TLAXIS/]1 (Modal)

Specifies that the current tool axis orientation is to
be maintained until a new onesis specified.

2.5.2 TLAXISzi,i.k (Non Modal)

Allows for tool axis setting per vector direction
(i,3,k). It is used most often for purposes of
initialization, more specifically, to establish a sense of
direction: which way is up or down! It will be maintained
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until changed in point to point programming. It will be lost
when the programmed motion invelves PSS, DS and €8, It may be
locked in by using TLAXISZI,

2.5.3 TLAXIS/NQRMPS (Modal)

Sspecifies that during a cut sequence the tool axis is to
be always normal to the part surface, The axis will change,
as required, t¢ meet this condition. As noted in 2,4.7, wnen
TLAXIS/NORMPS is in effect, the cutter to surface
relationship is always TLONPS any absence of specification or
specification to the contrary notwithstanding.

2.6 gtarfup Procedures

The GO/ statement is used to position the cutter with
reqard to one, two or three surfaces, The general format is:

TO TO TO
GO/ON , DS, ON , PS, ON , CS
PAST PAST PAST

Startup is frequently a problem to the part programmer
and this is not something which is peculiar to $SIP, He will
fare better, if he keeps in mind the following:

1, Theoretically, the more information given, the
greatar the likelihood that the cutter will be
positioned properly. Therefore a three surface
startup should be better than a two which, in turn,
should be better than a one,

2., In spite of what was written above, it is not always
advisable to use INDIRV or INDIRP. These initiate a
one way search, whereas the default is a two way
search, However, one or the other must be used when
there are two positions which will satisfy the given
conditions e,qg, intersection of a plane and cylinder.

3. Set the TLAXIS perpendicular or approximately
perpendicular to the Ps. The TLAXIS may not be
parallel to the P§ or perpendicular to the DS,

4, Immediately before the GO/ command the cutter, not
merely its axis, should be off all three surfaces:
DS, PSS and CS, Moreover, if any of the three is a
closed surface avoid dtarting up from its centreoid or
axis. This applies to CIRCLE, CYLNDR, SPHERE,

Diagnostics: ‘

1 NUMPTS exceeded without finding CS
128 Forward sense may not be PERPTO DS at cut start
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198 TLAXIS may not be parallel PS at cut start
204 TLAXIS may not be parallel PS at cut start
519 Too many surfaces given in start-up
2851 Tool is on surface centroid (move it slightly)
$130 Forward sense may nhot be parallel TLAXIS during
startup

Reference: System/360 Part Programming Manual:
5.03.02, 5.03.02,0%, 5.03,02,02, 5.03,02.03.

2.7 The THICK Statement

This statement (modal) specifies that a positive or
negative thickness be applied to any or all of the surfaces
used in a motion or startup statement., The format of this
statement is:

where:

THPS is the thickness to be applied to Part Surface
THDS is the thickness to be applied to Drive Surface
THCS is the thickness to be applied to Check Surface

2 positive THPS will bring the cutter up off the PS; a
negative THPS will move the cutter down into the PS, THDS
and THCS are dependent upon the relationship of cutter to
surface, If TLRGT is in effect a positive value will move
the cutter to the right, negative to the left, TIf TLLFT is
in effect a positive value will move the cutter to the left,
negative to the right, The positional modifier TLON (DS)
nullifies THDS; the positional modifier ON (CS) nullifies
THCS,

Cross Reference: System/360 Part Programming Manual:
14,01, 05, E -

2.8 Unprogrammed Moves

In treating the relationship between cutter and DS, it
was stated that if the tcol position does not agree with the
positional modifier: TLLFT, TLON, TLRGT, then SSIP will
generate an unprogrammed move in favor of the modifier and
issue a =501 warning: "An unprogrammed move wasS output by
SSP." Actually, unless instructed otherwise, SSIP will issue
this warning and generate an unprogrammed move whenever the
entry to a motion sequence is not the logical start position,
By way of example, this situation will arise where there is a
mismatch of surfaces and SSIP is asked to move the cutter
from one to the other., It matters not whether the surfaces
are DS, as described and shown below, or PS, not shown. In
Figure 21 motion is along 51 to PL1, If the next instruction
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PLI

Figure 21

S8C (SIN & C0S)

"Figure 22

A\
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is a ROFWD/52, SSIP will isfue the warning, generate an
unprogrammed move from position #2 to position #3 and then
move on to position #4, The programmer can control the
issuance of warning and move by use of the statement:

DELETE/ON

OFF ,

The default is DELETE/OFF and, when in effect, the

processor will perform as described above, If DELETE/ON is
in effect the processor will issue neither warning nor move.
In Fiqure 21 motion will be from position #2 to position #4.
The programmer who uses DELETE/ON should exercise greater
care in verifying his program,

Riaapgstics: .

~501 Warning - an unprogrammed move was output by SSP

2.9 PRebygaing aids
2.9.1 DEBUG

This feature is activated by the statement:
DEBUG/SEC2,0N

If activated, SSIP will print an abundance of
information for debugging purposes:' intermediate tool
positions, flaqg settings, direction senses and the like, It
will continue to do so until it encounters the terminating
member of the couplet:

CEBUG/SEC2,0FF

<+

This feature is designed for use by the system
programmer, DYNDMP is not available,

2.9.2 ERRPRT

Designed for the part programmer is an abbreviated,
automatic print which is put out whenever SSIP issues an
error message. This does not apply to warnings. Nor will i+
be put out if DEBUG/SEC2,0N is in effect., The error message
and debugging information are arranged and interpreted like
S0

$58353 ERROR NO. __ $5353
*** DEBUG INFO FOR ISN * ko
***x POSITION OF TOOL AT START OF PASS **x

TEX TEY TEZ WI WJ WK FVA FVB ¥VC

—r —— ——— bt o ————

Lo s m——— — ———
-
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{Tool ©=nd) (Tool Axis) (Forward Vector)

CUTH cuTs cuTC CUTR CUTE CUTN CUTA

- - w— - ————— A s oy Al o

In Figure 22 CUTH
cuTs
cuTc
CUTR
CUTE
CUTN
CUTA

W HN

pZmEmunmxs =

This is followed by the TLAXIS specifications: 1, NORMPS,
etc, and the APT statement which generated the pass.

Finally, when available, the tirs+ and last ten points of the
pass are listed under the following format:

MENDFL X Y Z I J K FVA FVB FVC CSDIS

wheres:

MENDFL = flag which indicates the position of the point
in the pass: (=) Startup; (+} Endup: (0) in
hetween

X.Y,Z = location of tool end

1,J,K = tool axis orientation

FVA,FVB,FVC = forward vector

CsDis = true distance to CS5

Riagncatics:

«901 wWarning - tool to PS contact point not as expected
(Printed only if DEBUG/SEC2,0N)

=902 Warning - tool to DS contact point not as expected
{Printed only if DEBUG/SEC2,0N})

-903 warning - tool to CS contact point not as expected
(Printed only if DEBUG/SEC2,0N}

Cross Reference: System/360 Part Programming Manual:
15.02-01.

2.10 Defaults

werd/phrase Reference comment

CUTTER/0
INTOL/, 0005
OUTTOL/, 0005
TOLER/, 001
GOUGCK/ON
MAXDP/2
TLOFPS

ol o ol e B

(SN S SIS N NN
* &
L’ AL I I

Not so, if TLAXIS/NORMPS
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TLON

TO

TLAXIS/
TLAXIS/0,0,1
DEBUG/SEC2,0FF
SSIP ,
MULTAX/OFF

-
a

NN N
.

oW e F
.

- ) = N

2,11 Diaanostics

The following diagnostics are generated by SSIP. As in
System/360 APT a minus (=) sign before a number indicates a
warning rather than an error.

Numpber Text
1 RUMPTS exceeded without finding CS.
10 System Read/Write error.
11 System Read/Write error.
41 System Read/Write error,
128 Forward sense may not be PERPTO DS at cut start.
198 TLAXIS may not be parallel PS at cut start,
204 TLAXIS may not be parallel PS at cut start.
222 OFFSET not allowed,
282 PS is parallel DS cannot proceed.
329 {(PERPTO) vector direction too far from forward
sense, ‘
334 Invalid surface type (poorly defined).
343 Tool must not be on DS here,
348 Forward sense must not be PERPTO DS here.
352 surface axis indefinite (vector too small) or
TLAXIS is incorrect,
360 SECUT/--- statement no good.
462 TLAXIS wmay not be PERPTO DsS.
-501 Warning - an unprogrammed move was output by SSP.
519 Too many surfaces given in start-up.
524 Indicated move is too small (less than .001),
542 Pass end indeterminate for this DS-CS TANTO case.
543 Pass end inde;;rminate for this DS-CS TANTcase.
610 Tool to TABCYL failure {check geometry).
-617 Contact point not between tool top and bottom.
-620 BEVELS/--- statement no good,
E66 Tool vs. QADRIC failure (non-convergence in 10
tries). )
668 Tool to TABCYL failure (check geometry).
-716 warning - End-up not as expected. See Section II
diagnostics, T
740 Tool forward motion has stopped PS-DS angle no
good, radius curve too small etc.
=901 Warning - tool to PS contact point not as expected,
{Printed only if DEBUG/SEC2,0N). .
-302 Warning - tool to DS contact point not as expected.

(Printed only if CEBUG/SEC2,0N).
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-903 Warning - tool to CS contact point not as expectad.
{Printed only if DEBUG/SEC2,0N},

1010 CUTTER/~~-- statement no good,

1703 Cosine argument, angle between TLAXIS and surface
normal, not in range.

1704 TLON mode not allowed.

2102 25 warnings on one pass.

2851 Tool is on surface centroid {move it slightly).

2.12 DISPLY/6

Prints 'PSIS*' patch boundary points in Saction 3. Data
is sequenced by U then V parameters, Surfaces of revolution
are not supported.,

EXAMPLE: JOE=3SSURF

PSIS/JOE
DISPLY/6
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3.1 Fuselage Mounted Pylon and Nacelle

PARTNU  SSIP/SSX3A —TEST 1- FUSELAGE MOUNTED PYLON AND NACELLE  (CHUBR)
$$ PURPUSE - 1, DEFINE A SET OF SCULPTURED SURFACES THAT REPRESENT
133 A TYPICAL GROUP OF ATRCRAFT LOFTED SURFACES.

s

$$ 2. DEFINE A LARGE NUMBER OF SCULPTURED SURFACES IN

s A SINGLE APT PART PROGRAM.

$3

Y 3. DEFINE A LARGF VARIETY CF SSX3A SCULPTUREL SURFACES
5

$5 4. PROVINDE A SET OF SURFACES THAT MAY BE USEC IN

$3 SUBSEQUENT TEST CASFS.

$%

LY S« TEST RFFSYS,

$s

I 6. GENERATE MOTINN ON THE SURFACES(VARTETY OF CUTS).
$¢

54 7. TEST THE GO/ DS,PS4+CS UNDER A NUMBER OF DIFFERENT
$3 CONDITIONS.

$s

B e e e e e e
MUL TAX

CLPRNT

TLAXIS/NORMPS

CANDN/ZON

MAXDE/ 12

TULFKR/,0025
SSEIN aSSURF/DISPLY,,ON

il TR R et LT T T LI
s

$$  SCULPTURED SUFACE -NAMF- ~TYPE-

133

$+ (FUSELAGE) FUS SSURF/MESH,XYZ

$$ (PYLON FWD) PYLONF SSURF/RULEC, { SPLINE)

$% (PYLON UPPER AFT) PYLNUA
$¢ (PYLON LCWER AFT) PYLNLA
t% (NACELLE FwWD QOUTBD) NACFQOR
$% (NACELLF FWD INBD) NACFIR
$¢ (NAC. NOZ/ZLE QUYBDY NNOZO
¢ (NAC. NOZZLE INBRD) NNO2I
$+ LINLET OUTHD) INLETO SSURF/REVELV, I SPUINF )
O OLINLEDL INBD) INLETI SSURF/ZRFVOLYV . { SPLINE)
L S, ek e L 8 e e o = e o
XV = VELFTCR ¢/
YV = VECTCR /
/
/

SSURF/MESH,XYZ (2 SPLINE RULED SURF)
SSURF/MESH,XYZ,{2 SPLINE RULED SURF)
SSURF/PATCH,PNTVEC
SSURF/PATCH,PNTVFC

SSURF/REVCLY, (CURSTG)

SSHRF/REVCLV, [CURSEG)

B & H H A U H HH N

IV = VFCTOR
NOR = POINT
PRINT/Q
$88¢4% DFFINITION GF FUS $5S% S

1 31

RFESERV/FP 64

SYN/ POINT,PT

4

FP( 1)=P1/ 52,6099, AIA, &3, N?25A
Fe({ 2)=PT/ 52.2075%, 838, 62.74401
Fol . 3)=PT/ 51.6382, 858, 62,3455
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FPI
FP
Fol
FP
FPL
FPI
el
FP
£
Fel
FP
FP
Fel
Fo
FP{
FP{
Fo
FP i
Fo I
FPl
FPY
FP
FR(
FPi
Fi
P
FPI
FPI
FP(
re(
Frd
FPI
FP
FP
FP{
FP(
Fo
FP
FP Y
Fi
FPI
i
Fire
Fpy
Fpy
FP U
FP
FP U
FP
FP{
FPI
FP{
FP(
FP{
FP(

4)=PT/
SY=PT/
61=PT/
T)=PT/
BY=PT/
9)zPT/
10)Y=PT/
11y=p1/
12)=P1/
13y=p71/
14)=PT/
15)1=PT/
16y=PT/
i71=PT1/
18y=P7/
19)=PT/
20)=PT/
21)=PT/
22)1=PT/
23)=P7/
24)=PT/
25)=PT/
26)=PT/
21pTY/
JBYsPY/
29)spl/
iD)y=PT/
31)y=PT/
32)y=pVyy/
33)=pT/
34)=pPT/
35)=P[/
36)=PT/
37)=PT/
3I8)=PT/
39)=PT/
40)=PT/
41)=PT/
42Vy=PT/
43)=PT/
44)=PT/
45 )R T/
4t ) =P T/
4T)=21/
48)=PT/
49)=PT/
50)1=PT/
51)=p7T/
$2)=PT/
53)1=PT1/
54)=PT/
55)=PT/
56}=PT/
57)=PT/
58)=PT/

50.8Q079,
49,6375,
48,0820,
46,1009,
44,9228,
57.7064,
HT.1455,
D6.4104,
55,3715,
61092260
52,0075,
49,5763,
4B,1292,
60.9279,
60¢1QQI'
59,2968,
58.0545,
56.3382,
54.0822,
51.2287,
49,5307,
62.2244,
61.3397,
AD L2886,
YB8.8695,
56-9242’
54,3755,
51.1537,
49,2394,
61'9176!
60.9249,
59.7296,
58.1200,
59.9294,
53.0792’
49-5168|
4T.4346,
60,2531,
59.1625!
5708009!
5%.9368,
5344419,
50. 5017'
4ﬁ0503q'
44.3338,
57.2002,
55.9726,
54,3162,
52.1634,
49-4540’
46.1781!
42.3266,
40.1671,
53,5726,
52.1460,

8T8,
B9R,
918,
338,
948,
818,
B3b,
B5H,
878,
B9R,
318,
938,
48,
818,
838,
858,
878,
898,
918,
938,
348,
818,
83a,
958,
ara,
RE,
718,
918,
948,
818,
838,
858,
878,
898,
318,
238,
948,
818,
B3R,
858,
B8,
894,
918,
238,
48,
818,
8138,
858,
878,
898,
918,
938,
948,
818,
338,

61.7640
60.9446
59.8554
58,4682
5Te6433
53.0969
52.8353
52.4926
52.0081
51l.3325
50.4395
492.3058
48.6310
42.5136
42,3183
42.0765
4l.T436
41.2838
40,6793
39,3147
39.4597
31.61319
31.5545
31,4825
31.3384
3I1.16R2
30.9452
30.6633
30.4958
20.7709
20.8577
20.9623
21.1031
21.2948
21.5441
21.8558
22.03R0
10.06432
10.3354
10.7002
11.1997
11.R682
12.7094
13.7273
14,3087
- 4849
<0875
«8598
1.8637
3.1272
4.6547
6.4507
T.4577
-8.6154
~T.6760

3y




FP( 59)=PT/ 50.3198, 858, —-6.4901

FP( 60)=PT/ 48,0504, 878, =5.0163

FP{ 61)=PT/ 45,2939, R98, -3,2262

FPL 62)=PT/ 42.0435, 91B, -1.1154

FP{ 63)=PT/ 3B.2921, 938, 1.3207

FP( 64)1=PT/ 36.2156, 948, 2.6692

1 3

NOFS =POINT/ 85, 835, 28

NPT2 =POINT/ 75, 935, 28

INO  =PLANE/ (G.0,1,28

XNO =PLANE/ PERPT(O,7NO, NOFS, NPT?2

¥YND  =PLANE/ NOFS, PFRPTO, XNO, ZINO

NSZ2FS= MATRIX/ (PLANE/P&RLFL!XNO,XLARGE!O)v(PLANE/PARLELfYNCvYLARGE:C}'5

{(PLANE/PARLEL yZND,ZLARGE,0)

FS2NS= MATRIX/ INVERS,NS2FS

PRINT/C

REFSYS /7 FS52NS

FUS=SSURF/MESH,XYZ, ¢ FUSELAGE SURFACF
SPLINEFP( 1,THRU, B),%
SPLINELWFP( 9,THRU, 16),%
SPLINE+FPl 17,THRU, 24),%
SPLINE,FP( 25,THRU, 32),$
SPLINE+FP{ 33,THRU, 40),%
SPLINFLWFP( 41,THRU, 48),%
SPLINE«FP( 49,THRU, 56),%
SPLINE,FP({ ST,THRU, 64)

REFSYS / NOMORE

PRINT/C

$885% DEFINITION OF PYLONF $$8%$

1 3

RESERV/ PPF,23

PPF{ 1)= POINT/ =-18. v+ 50. v —3.640 $% M= (535
PPE{ 2)= POINT/ -18. y 45, v =3.862

PPF{ 3)= PCINT/ -18. v 40, + —4.010

PPF{ 4)= POINT/ -18, r 35, r ~4,063

PPF{ S)= POINT/ -18, + 30. y —4.,025

PPFL &)= PQINT/ -18, y 25. » =3,835

PPF( ?,= pGINT/ "'I.Bc ] 20. ] —3-{142

PPF{ 8)= POINT/ -18. y 15. v —2.630

PPF{ 9)= PCINT/ -18. ’ 11.5 v —l.544

PPF{10)= PQINT/ -18, s 10.5 M -+927

PPF(11)= POINT/ -18. v 10,15 -.530

PRI {12)= POINT/ -18. vy 10.00 0. s v
PPECL3)= POINT/ =18, v 10.15 «530

PPF{14)= POINT/ -118, + 10.%0 , «927

PPFLLS)= POINT/ —18. ' 11.50 l1.544

PPF{l6)= POINT/ =18, ' 15. ' 2.630

PPF(17)= PCINT/ -18, + 20. ’ 3.442

PPF{18)= POINT/ —-18. r 25, ' 3.835

PPF{19)= POINT/ -18, + 30, ' 4,025

PPF{20)= POINT/ -18, r 35. ' 4.063

PPF{21)= PCINT/ -18. v 40, ' 4.010

PPF(22)= POINT/ -18, y 45, ’ 3.862

PPF(23)= PCINT/ ~18. r  50. ' 3.640 $% M=-,0635

$%

60




PYLV=VECTOR / 0,1, .0535
PYUVVLECTCR / 041,-.0535

M=~

M=-—

PPEL2y THRUy 121, TANSPL,

« 0535

+ 0535

PPALZ2,THRU, &),
PPA{B,yTHRU,12)

PRINT/OQ
PYLSPL = SCURV / SPLINE, PPF(L11,TANSPL, PYLV,
IVy PPFUL3,THRU,23), TANSPL,PYUV
PRINT/O
PYLONF = SSURF/ RULED, PYLSPL, XAXIS, XV
PRINT/C
$3%%% DEFINITION OF PYLNUA $$3%$
5%
RESERV/ PPA,l2
PPAL 1)= POINT/ -28.5 v 50. ' 3.640 4
PPA{ 2)= PQOINT/ -28.5 y 60, ’ 3.050
PPAL 3)= PCINY/ -28.5 v 70, ’ 2.375
PPAL 4)= PCINT/ -28.5 v+ PO ’ 1.620
PPAL 5)= POINT/ -28.5 v 90, ’ 844
PPA( 6)= PUINT/ ~-28.% v 100. ’ Qo
PPAL T)= POINT/ =~8,5 + 50, ' 3.640 t%
PRAL 81= POINT/ =-8,6 v 56.3 ' 3.248
PPA{ 9)= POINT/ ~B.5 v 5245 ’ 2.660
PPA{10)= PCINT/ -8,5 v 68,9 ’ 1.908
PPA{ll1)= PCINT/ -8,5 v 75.7 ’ 1.CCH
PPA(L2)= PCINT/ -8.5 r 81,5 ’ 0.
4 3
PRINT/C
PYLNUA= SSURF/ MESH.XYZ, SPLINE, PPA(1),TANSPL,PYUV,
SPLINF, PPA(T7},TANSPL,PYUV,
PRINT/O
$868% DEFINITION CF PYLNLA $$¢ts$

5%

0s1,0,0,

PPA(CL1)TANSPL,PYUYV,
PPA(7),TANSPL,PYUV,

010"1!0

)

PPA({2yTHRU6),
PPA(R,THRU,12}

RESERV/ Pl,164P2,164P3,16,4P4,16,P5,16,P6,164P7,16,P8,16,P9,16,P10,16

REFSYS / (IVERSZ=MATRIX/ 1,0,0,0,

s

PYLNLA= SSURF/ MESH,XYZ, SPLINE,
SPLINE,

REFSYS / NOMORE

PRINT/ZO

$8885 OEFINITION OF NACFOB $$%4%%

$¢

$% PATCH ND. 1

$%

Pl € 1}= POINT/ 0. ’ 0.

PlL ( 2)= POINT/ C. ’ 2.50 -

PL { 3)=VECTOR/ C. ' O.

Pl ( 4)=VECTOR/ 0. ’ 4.9528

PL { S)= POINT/ 9. ' O.

Pl ( 6)= PCINT/ 11.05 , 2450

Pl { 7)=VECTOR/ 235 0.

P1L t 8)=VECTOR/ 1.7370, 4.,9628

Pl ( 9)=VECTUOR/ 14.9117, 0.

Pl (10)=VECTOR/ 18,3082, 0.

Pl (11)=VECTOR/ 3.8935, 0.

P1 (12)=VECTOR/ 2.8778, O

P1L {13)=VECTOR/ 0. ' O.

Pl (1l4)=VECTOR/ 0. ' 0.

r
1
’
?
4
r
'
1 4
’
t
*
L
’
]

_1419117
—18.3082

61

s
s
$s
$s
1 3
£%
5%
t 3
5
$$
$5
$5
s
4

SPOO
SPlo
FDCO
FD1C
SP0l1
5P11
FOO1
FO11
SDOl
SD1¢
TWOO
TW1O0
SDO1
SO11

$

$

t



vl

pl-

1 3
+%
L}
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
D2
Pe
P2
$%
$s
$%
P3
P3

- P3

P3
P3
P13
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
X
133
t4
P4
P4
A
A
P4
PG
P4
P4
hTA
P4
P4
P4

(in)=VCCTUR/
(L6)=VECTUR/

PATCH NOL2

{ 1= POINT/
{ 2)= PCINT/
{ 3)=VECTOR/
{ 4)=VECTOR/
{ 5}= PCINT/
{ 6= POINT/
{ 7T)=VECTOR/
{ 8)=VECTOR/
{ 9)=VECTOR/
(10)=VECTOR/
{11)=VECTOR/
(12)=VECTOR/
(13)=sviCTOR/
(L& )=VECTOR/
{15)=VECTUGR/
{16)=VECTOR/

PATCH NO, 3

1)= POINT/
2)= POINT/
3)=VECTOR/
4)=VECTOR/
5)= POINT/
6)= POINT/
TI=VECTOR/
B)=VECTOR/
9)=VECTOR/
(1G=VECTOR/
(11)=VECTOR/
(12)=VECTOR/
(13)=aVECTOR/
(141=VECTUR/
(15)=VECTOR/
(16)y=VECTOR/

P A e e e e e )

PATCH NQO. 4

L)= PGINT/
2)V= POINT/
3)=VECTOR/
4)=VECTOR/
9)= POINT/
&)= POINT/
Tr=VECTOR/
B)¥=VECTOR/
9)=VECTOR/
LOY=VECTOR/
11)=VECTOR/
12)=VECTOR/

P . T T S S R Y

nl ]
0. [}
0' ]
0. '
0. L
0.  J
11.65
12.25
1.5692'
8148,
18.3082,
20,2965,
2.5998,
1.350 ,
U *
0. '
Y v
0. '
0. y
0. ]
0. [
0. L
12.25
12.60
.6910’
0- ]
20,2965,
20.BT64,
1,1448,
0. [}
0- ]
0. ’
_1014481
C. '
0- [
0.
0. '
o '
12.60
12.60 '
0. r
0. ’
20.8764,
20,8764,
0. ’
0. ’

Qs ’
O. '
2.50
8.75 *
4.4R33,
7.9%86,
2.50 ]
B.75 ’
4,4833,
T.7886,
O '
o. ]
0. ]
0. ’
0. '
O. ’
0. '
0. ’
B.T75 '
16.00
6-77‘!1'
T.4300,
B.75
16.00
6.T741)
Te430
0. ’
0. ’
0. v
0- ]
O ’
0. '
0. ’
0. '
16.00 ’
55,00
21.8798,
3%9.9812,
16,00
55.00
21,8798,
39,9812,
0. '
0. ’
0.
0. ]

-1,R8935
"’208778

11.05
12.25

1.5692

+B143

O.

0.

0.

O.

o.

0.

0.

0.
-18.3082
=20.2965

-72.5998
_1n350

"2“- 8764
0.
0.

62

L]
$s

1 3
i
$%
$s
%
st
£%
L3
t
5%
$¢
s
1 3
$%
5
13

$¢
5%
£s
$5
$$
5%
55
s
$s
$s
$s
$s
$s
$s
$s
%

L 33
$¢
$s
3
$S
$%
£5

5%
$%
s
3%

TWOl
TWll

SPQO
5P10
FDOO
FD1C
SPO1
S5P11
FDO1
FD11
SDoo
SD10
TWOO
TWl0
5001
sD11
TWO1
TWll

SP0O
5P10
FDOC
FD10
SPC1
SP11
FDO1
FO1l
SDOC
snD10
TWOO
TWl0
5001
SD1l
TWO1
Twll

SPOC
SP10
FDOC
FD1Q
SPOl
SP11
FOO1
FD11
5DcO
SD1C
TwWO0O
TWlO




P4
P4
P4
P4
$3
$$
$$
Ps
Ps

p5.

P5
P5
PS5
PS5
PS5
PS
PS5
P5
Ps
5
PS5
P5
PS5
ts
5%
5%
P&
P6
P6
P6
P6
P6
P6
P6
P&
e
PY
6
P6
P6
Po
P6
£
53
t3
P7
P7

PT

7
P7
P7
P7
p7

P7

p7

(13)=VECTOR/
{14)=VECTOR/
(15)=VECTOR/
(16)=VECTOR/

PATCH NQ.
( 1)= POINT/
( 2)= PCINT/
{ 3)=VECTQOR/
( 4}=VECTOR/
{ 5)= PCINT/
( 6)= PCINT/
{ T)=VECTOR/
{ 8)=VECTOR/
{ 9)=VECTOR/

(lO})=VECTGR/
{11)=VECTOR/
(12)y=VECTOR/
{13)=VECTIOR/
(14)=VECTOR/
{15)=VECTOR/
(16)=VECTOR/

PATCH NO.

1)= PCINT/
21= POINT/
3)=VECTOR/
4)=VECTOR/
5)= PCINT/
6= PCINT/
TY=VECTOR/
BY=VECTOR/
9)=VECTOR/
(10)=VECTOR/
{11)1=VECTOR/
(12)=VECTOR/
(13)=VECTOR/
{14)=VECTOR/
{15)=VECTOR/
{16)=VECTOR/

PATCH NO,.

1= PCINT/
2)= POINT/
3)=VECTUR/
4)=VECTOR/
S5t= POINT/
6)= POINT/
TY=VECTCR/
8§)=VECTOR/
9)=VECTOR/
10)=VECTOR/

i N R el

e
L]
w w - -

9.00
11.05
2.35

1.7370

O.

0'

0.

0.

0.

(v

0.

0. '
-14.9117,
=-1B.7850,

-405562!
-4.,3972,

w W W% W W W W W W ww

11.05
12.25
1.5692,

«8148,
0. ’
0.
C.
O.
O.
0.

- - W - w

.0
-0
«0
+0

- - e W

55.00
67,50
12.40
12.60
55.00
67.50
12,40
12.60

0.
O.
0.

0.
0.
0.

-
. W % W W " W W W W 4 W W+ 9 -

~
[
O
o -]
al
O
W W W AW W w % W w 4 W W o ow W W

2.50
B.75
4,4R33,
T.9886,
2.50
B.75
4.5024,
7.9701,
0- ']
0. '

-20.8764%
—2098764
0.
0.

12.6C

11.65
0.

-1.90

C.

0.

0.

0.

0.

O

0.

0.
~-20.8764
=-19.3C24

Q.

3.1479

0.

0.

Q.

0.
"'9.0
=2.75
—206041

~14.9117
-19.8560
~3,8935
~5.9343

0.

0.

0-

0.

0.
0.
0.
Q.
-11068
-2-3525
"'1 -8"11
-19.8560C
-26,0355

63

$s
L1
$$
s

%
58
$s
4%
s
%
$s
$%
$s
$%
5t
$s
$s
5s
$s
$%

53
$s
$%
%
$s
s
s
$s
$%
%)
$s
£%
$s
$s
5
$S

5
$s
3
5%
%
3
$%
$s
s
$s

SDO1
5D11
TWO1
TWll

SPCO
SP10
FDOO
FD10
SPO1
SP1l
FOO1
FD11
SD0O
SD10
TWOO
TWl0
sbo1
$011
TWol
TWll

SP0OO
SP10
FDOO
FD1O
SPOL
SP11
FDO1
FD11
sooc
SD1cC
TWOO
TW1l0
SDo1
SD11
TWOl
TW11

SPOCQ
5P1C
FDOC
FD1Q
SPQl
SP1l1}
FDO1
FD11
SDoo
SD10




P7 (L1)=VECTGR/
PT (12)=VECTCR/
PT (13)=VICTOR/
PT (14)=VECTOR/
PT (15)=VFCTUR/
PT (16)2VECTORY

s
%
$%
Py
P8 {
P8
pE
2R
Pa |
PE |
pa {
P8
e
PE |

O. L
C. L
-18.,7850,
~-23.1280,
=3.9724,
~4.0157,

PATCH NO. 8.

11= PUOINT/
2)= POINT/
3)=VECTOR/
4)=VECTOR/
D)= POINT/
6)= POINT/
7T)=VECTOR/
8)=VECTUR/
9)=VELCTOR/

LO}=VECTQR/
11)=VECTOR/

P8 (12)=VECTOR/
P8 (13)=VECTOR/ -23,1280,
P8 (14)=VECTQOR/
P8 (15)=VECTOR/
P8 (L6)=VECTOR/

$3
53
$s
P9
P9
P9
P9
P9
P9
P9
P9
P9

A, ey ey i e p—

PATCH NO.

L)= PCINT/
2)1= POINT/
3)=VECTOR/
4)=VECTOR/
5)= POINT/
6)= POINT/
T)=VECTGR/
B)=VECTOR/
9)=VECTOR/

P9 (10)=VECTOR/
P9 (11)=VECTOR/
P9 (12)=VECTOR/
P9 (13)=VECTOR/
P9 (14)=VECTOR/ =21.9744,
P9 (15)=VECTOR/
P (16)=VECTOR/

5
54

$s

P1OY
PLOY
P10t
P10¢
P10
P10O{
P1O(
P1OIL

PATCH NO,

L= POINT/
2Y= POINT/
31=VECTOR/
4)=VECTOR/
5)= POINT/
b6Y= PQINT/
T)=VECTOR/
8)=VECTOR/

n i

0. ¥

~25.2000,
‘3.4052'
-07733!

12.60
12.60
0.
0.
0.
0.
O.
0.
0.
0.
O.
0.
“25-2 L

. W W W W W W W W W W w

=2.2771,
6.,h2464,

10

0- 1]
O- L
0. ]
00 r
0. L
0- r
R.75
16.00 ,
6077417
T.43
B.T75
16. '
6.7584,
8.0751,
O v
0. r
0. ’
0. ’
0. ’
Oq L
Q. *
0. ?
16,00 ,
55-00 ]
21.8798'
39.9812,
16-00 ¥
55.00
23,7795,
54,7555,
00 4
o. '
0. ¥
0- [
O. !
O. ’
C. '
0. ]
55.0 '
67.50
l12.40 ,
12060 b 4
55%.0 ’
675 ’
16.9853,
T.3825,

'5.3609
~6.3067
0.
0.
0.
0,

G

0.

0.

0.
-13'79
‘15-1

-1.5612
-1.1C23
-26.0355
~30.2
-5.3479
-2.8888

0.

O.

G

-15.1
~13.35
=-3.2459
6.912C
=-30.2C
_23-2824
-8.5C618
13,8751
0.
0.
0.
0.

2.1437
1.2038

64

5%
$s
L3
't
$4
L} )

s
%
£%
L3 3
£%
$3
$$
$$
£%
L
$s
$$
$%
s
s
3

$%
$s
s
$%
$%
$s
s
5%
£s
5t
53
L
$s
1 3
L )
$s

$s
£%
$s
$s
$
s
$$
s

TWOO
TW10
spol
SPh1t
TWol
Twil

SPQQ
SP1G
FDOO
FD10
SPO1
sPll
FDO1
FD11
S0oo
SCle
TWOC
TWl0
Spol
SD11
Twol
TWll

SPOO
SP1e
FDOC
FR10
SPO1
5P11
FDO1
FD11
sooc¢
SC10
TWOO
TW10
SDO1
S011
TWO1l
ThWll

SPoC
sP1¢C
FOOO
FD10
SPO1L
SP11
FDO1
FOL1l




POt 9)=VECTOR/ 0. ’ 0. y -23.,2824 $$ S000
PLO(10)=VECTOR/ 0. v 0. y —19.3C24 $$ S0O10
P1O(11)=VECTOR/ 0. v 0. ' 44,3033 §$ TWOO
PLO{12)=VECTUR/ 0, ’ 0. ’ 3.1481 $$ TW1Q
PLO(13)=VECTOR/ -21.9744, 0. ’ 0. $% SDO1
PlO(14)=VECTOR/ -19.3024, 0. ' 0. $¢% SD11
P10(15)=VECTOR/ 2.0545, 0. ' 0. $3 TWO1
Pl1Ool16)=VECTGR/ l.9344, O. ' O. $$ Twll
5t
PRINT/C
NACFOB= SSURF/ PATCH, PNYVEC, 6, 3, PLUS, $

Pl { ALL | PLUS, $

e2 { ALL ), PLUS, s

P3 (  ALL ), PLUS L 3

P4 [ ALL ), PLUS, s

PS5 (  ALL ), PLUS $

R | ALL )}, PLUS, s

PT ( ALL ), PLUS, $

P8 | ALL ), PLUS, $

P3 (  ALL ), PLUS, 3

P1O {  ALL )} .
PRINT/O )
3838 DEFINITION OF NACFIB  $$$%$
$3

REFSYS / (IVERSX=MATRIX/ ~1204040y 041:0+,0, Cv041+C )
5

NACFIB= SSURF/ PATCH, PNTVEC, A, 3, PLUS, $
Pl ( ALL )., PLUS, $
P2 { ALL )y PLUS, $
P3 | ALL 1 PLUS, $
P4 { ALL )y PLUS, : ]
P55 ALL )y PLUS, $
Pe6 { ALL ), PLUS, ]
pr | ALL )y PLUS, $
P8 AL L Y, PLUS, 4
P ( ALL ), PLUS, $

- P1C | ALt }

REFSYS / NCNORF

PRINT/O

$558% DEFINITION OF NNOZO AND NNOZI  $$$sS

$%

CPTF =POINT/ Oy 67.5, 11,65

CPTM =POINT/ Oy 75, 10.1

CPTA =POINT/ O, 8l.5, 8.35

CONVF=VECTOR/ 0y 12.6¢ ~1.9

COMVA=VECTOR/ 0, 1, ~.290

PRINT/O

NOZCON= SCURV/ CURSEG,CPTF , TANSPL,CONVF , CPTM, CPTA, TANSPL, CONVA
PRINT/O

NNOZU =SSURF/ REVOLVyNOZCONYXAXIS NCR,YV.CCLWs €y 180
PRINT/C _

NNUZT =SSURF/ REVULV,NOZCOUN,XAXIS,NCR,YV, CLW, Cy 180
PRINT/ZC

$£88% DEFINITION OF INLETO AND INLRTI $$sss

3%
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RESHERVY/ P9

IPI1) = PCINT / C. v C. v 9.0C0O
IP{Z) = POINT / 0. ' «250 B8.4CQ
IP{3) = PCINT / Qs ' « 750 8.06%5
[Pl4) = PCUINT ¢ 0. ’ 1.500 T.832
IP(5) = PCINT /7 O, v 2.300 ,  7.760
IPLE) = POINT / O ] $.000 [} 8.230
1P{8] = PCINT / C. v 11.750 . 9.770
12191 = eCINY / 0. v 17.250 + 10.0C0
5%

PRINT/LC

INLSPL = SEURVY SPLINE, IP(1), TANSPL.ZV, IP(2},IP(3),1IP(4),IP(5),
TANSPL, YV, IP(O) . IP(7),IP(B),IP(3), TANSPL,YYV
PRINT/C
INLETO=SSURF/ REVCLV, INLSPL,XAXISyNGR,YV,CCLWy Cy 180
PRINT/C
INLETI=SS5URF/ REVOLV, INLSPL,XAXISNCR,YV, CLW, C, 180
PRINT/O
$¢5F 5 DEFINE FUS PATCH BOUNCARIES
RESERV/ RADVMLN,8, YFUS,8
LOOPST
A=l
B=l
1C) OBTAINGPUINT/FPI{BY, X1,¥Yl,21
DBYAIN,POINT/FPtB+g}.XZ,YZ.ZZ
ORTAIN:PCINT/FP{B4T) yX34Y3,23
REFSYS/FS2NS
RADPLNUA)SPLANE/ (XL oYY sZ1l) o {X2,¥24722)4(X3,Y3,23)
REFSYS/NOMORE
A=A+]1
B=84+8
iF(8-4) 2C,1C,1C
2C)LEIOPND
REFSYS/ FS2NS
YFUS( 1)=PLAME/ 0,1,0,818
YFUS( 2)=PLANE/ 0,1,0,838
YEUS{ 3)=PLANE/ 0,1,0,858
YFUS( 4)=PLANE/ Cs14+0,4878
YRUS( S5)1=PLANE/ 0+1+0.+898
YFUS( &)=PLANE/ O4+140,918
YFUS( 7)=PLANE/ 04,1,0,938
YFUS( B)=PLANE/ Q4+1,0,948
REFSYS/NOMORE
$% YN NAUCSLLE PLANES
RESERV/ YN,9, ELPLy12, AFL,S
PL120=PLANE/ (0+40,C )5(0,10+0)4( BE&.,60254,0,-50)
PL240=PLANE/(O0,04C)s(0,10+0),( B85.60254,0, 5C)
NU LI=PLANE/D21,0,0
YN{ 2)=PLANE/O+14042.5
YNU 3V=PLANC/0,1+0+8.75
YMN{ 4)=PLANF/D41,0+16
YNU S)=PLANF/G,1,0,55%
YN{ 6)=PLANE/O,1,+04,67.5
YNI T)=PLANE/N,]1,0,81.5
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YN ) =PLANLZ/OWw140,50
+t

XNQ = PLANE/ 14040,0
YNG = PLANE/O41,0,0
INQ = PLANE/ 04,0,1,0

LECYL= CYLNDR / NOR,YV, 9

CUT 4 PENDWN, INDIRV/XV
GOFWD/ YN[A), XNO
PSIS/NACFIR
GOFWD/ YN{A},
PENUP,DNTCUT
AzA+]
IF(6-A)
LOUPND
GGTO/ 5470415,41,0,1
GO/ YN(7), NNOZO,XNO
CUT,PENDWN, INDIRV/XYV
GOFWD/ YN(7),XNO
PSIS/NNOZT
GOFWC/YN(7) 4 XNO
PENUPONTCUT

GOTO/ 5,15,15,1,0,1
GO/ YN(B) 4 INLETD,XNO
CUTyPENOWN, INDIRY /XY
GOFWD/YN(B) 4 XNO
PSIS/INLETI
GOFWU/Z/YN{8) 4 XNO

XNO

ZA,14,1A
2A)

NZV= VECTCOR/ 0,0,-1
£555s DEFINE PYLON ELEMENT PLANES
ELPL{ L1}=PLANF/ PERPTC, XNOC, PBF{ 1Y, PPF(22)
ELPL{ 2}=PLANE/ PERPTC, XNC, PPFE{ 2}, PPF(22)
ELPL{ 3)=PLANF/ PERPTO, XNO, PPF{ 3}y PPF(21)
ELPL( 4)=PLANE/ PERPTND, XNG, PPF({ 4)y PPF(2C)
BLPLL 5)=PLANE/ PERPTC, XNOy PPF{ 5), PPF({19)
ELPL{ 6)=PLANE/ PERPTO, XNO, PPF{ &)y PPFL18)
ELPLU 7)=PLANF/ PERPTC, XNO, PPF( 7), PPF(17)
FLPLC B8)=PLANE/ PERPTQ, XNQOs PPF{ B), PPF(16)
FLPL({ 9)=PLANE/ PERPTC, XNO, PPF{( GYe PPF{15)
FLPLILO)Y=PLANE/ PFRPTA, XNO, PPF(10), PPFL14)
ELPL{LL)=PLANE/ PERPTO, XNO, PPF{11), PPF(13)
ELPL(12)=PLANF/ 0,0,1,0
AELUL)Y=PLANE / PERPTO, INO, PPA{ 2), PPA( 8)
AEL(Z2)=PLANE / PERPTO, ZNO, PPA( 1), PPA{ 9}
AEL(3)=PLANF / PERPTO, ZNQ, PPA{ 43y PPALL1Q)
AEL{4)=PLANE / PERPTO, INO, PPA( 5}y PPA(L1])
AFL{5)=PLANF / PERPTQ, ZINO, PPA{ &)y PPALLYZ)
$54% 4 CRAW YN BOUNDARIES
TMARK/1
LCOPST

A=2

PENUP

DNTCUT
14A) GOTO/ 5425415, 1,0,1

GO/ YN(A), NACFOB, XNO
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PENUP,DNTCUT

GOTC/ 9, 0y Oy 04~1,0

PSIS/ ¥YNO

CUT,PENDWN, INDIRV/ZV

GOFHD/LECYLpszNTQF'ZNO

PENUPLCNTCUT
123333 DRAW XN=0 AND ZIN=(Q
TMARK /2
RADCUT=MACRC/DS'1STPS=RNUZU:2N095=NACFUBv3RDPS=INLETU

CUT+PENDWN, INDIRV/0,-1,0

PSIS/iSTPS -

GOFWD/DSyYN(G)

PSIS/2NDPS

GOFWD/DSLECYL

PSIS/3RDPS

GOFWD/DS,YNI(B)

PENUP,,DNTCUT

TERMAC

GUTO/0,4R1.5,8,.35,2V

CALL/RADCUT+DS=XNO

GAOTO/B.35,81.5,0,XV

CALL/RADCUT,0S=ZNO

GOT0/0,81.5,-8.35, 0:0,4~1

CALL/RADCUT,DS=XNO

GUTO/-B.35.81.5:0:*190v0

CALL/RADCUTrDS=ZNO'15TPS=NNUZ[f ZNDPS=NACFIB, 3RDPS=INLETI
15658 CRAW PYLON INTERSECTION W/FUUS ANC NACELLE
TMARK/3
PYINTR= MACRU/ Ds1,0582, PS2:STRY

PENUR, DNTCUT, 60TN/=-18,5,1,0,-1,0

GO/ INC+PYLONF, DSI1

CUT»PENDWN INDIRV/ STRV

GOFWD/DS1, YN(9)

PSIS/PS2

GOFWD/DS1, YN(&)

GOFWD/0DS2,y IND

PENUP,DNTCUT

TERMAC

CALL/ PYINTR,DS1=FUS, NS2=FUS, PSZ2=PYLNUA , STRV= 7V

CALL/ PYINTR,DS1=FUS, DS2=FUS,y PS2=PYLNLA , STRV= NZV

caLL/ PYINTR,DS1=NACFIB,DS2=NNOZ | y PS2=PYLNUA , STRV=ZV

CALL/ PYINTR,DS1=NACFIB,DS$2=NNQZI + PS2=PYLNLA , STRV=NZV
$53%s ORAW PYLON ELEMENT LINES L.E. TFRU T.E.
TMARK/ 4
LOOPST

A=]

PENUPONTCUT
1r) GOTO/-1541345,0,~1,1

UU/ELPL(A)vPYLUNFvNACFlB_

CUTyPENDWN, INDIRV/~1,0,0

GOFWD/ELPLIAY,FUS

PENUP,DNTCUT

A=A+}

IF{12-4) 2B,18,18
2R) A=1
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g} GOTO/-159134-5404-1,~1
GO/ELPL(A) ,PYLONF ¢NACFID
CUTPENDWN, INDIRV/=1,0,0
GUFWD/ELPLLAY ,FUS
HENUPLZONTCUTY
ArAs]

. [FCLLl=-A) 4li,3R,3H

4B A=)

5'3, GUTU/"I.S;()OQS,O'O'I
GO/ZALLIA) +PYLNUA,NACFIR
CUTyPENDWN, INDIRV/~-1,0G,0
GOFWD/AEL(A},FUS
PENUP ,DNTCUT yGODLTA/ 1lsls~1
GO/AEL(A) s PYLNLA,FUS
CUTPENDWUN, INDIRV/ XV
GOFWD/AFL{A) NACFIEB
PENUP,ONTCUT
A=A+]

IF{2 -A)b6B,58,58

&BY  GAOTO/-15,7R45,0,0,1
GOSAEL{A)Y 4PYLNUALNNOZ
CUT,PENDWN,,INDIRV/=1,0,0
GUFWU/AEL{A),FUS
PENUPLDNTCUTGODLTA/ 1,1,~1
LO/AEL(A) yPYLNLA,FUS
CUT»PENDWN, INDLIRV/ XV
GOFWDR/AELTA)NNQZ]
PENUP,DONTCUT
A=zA+]

IF{5 =-A}7B,6B,68

78) LOOPND

$55%% ORAW FUS PATCH BOUNDARIES
TMARK/S
PSIS/FUS
LOOPST
A=]
B=12
PENUP,DNTCUTY

10} GATD/~20,50+15,1,0,0
GOZYFUS(A) 4FUSHyRADPLNI(1)
CUT, PENDWN, INDIRV/0,0,~-1
GOFWD/YFUST{A)Y,RANPLNI{S)
PENUP DNTCUT
A=A+l
B=H+1
IF{8 -A)Y2D,1D,10

2n) A=l ’
B=12

30)  GOTO/-20404041,0,0
GO/YFUS{1) +FUS+RACPLN{A}
CUTPENDWN, INDIRV/0,1,0
GOFWD/RADPLNIA) ,YFUSI{8)
PENUP,DNTCUT
A=A+]
B=8+11




[F{6-4)4D,3D,30
40)LO0PND
FINT
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3.2 Machine Angle Between Tus/Pylon

PARTNU  SSIP/SSX3IA ~TFST 2- MACHINE ANGLF BLTWEEN FUS/PYLUN {CRURD)
1 39 PURPUSFE = 1. TEST TLAXIS/ZL

13 TEST TLAXIS/NDRMPS

1 X} TEST THICK/ PS,DS

%5 TEST REFSYS

133 TEST FLAT END MILL CUTTER

$ ¢ TEST BALL END CUTTER

&% TFST GO/ DS,PS,LCS

$% TEST TLLFT -~ TLRGT

5%

B e e e e ———————————————
NOPUST i

MULTAX

CLPRWT

CANONZON

SSON  =SSURF/DISPLY,0ON

PT2 = POINT/ -21.852, 73,240, 1.988

IPS = PLANE/ PTl, PERPTQO, {VECTCR/1,0,1)
¥YPS = PLANF/ PT1l, PT2, PERPTYO, ZPS

XBS = PLANE/ PTl, PERPTN, 2PS, YPS

PS 2 NS = MATRIX / {(PLANE/PARLELXPS,YLARGFE,C), $
(PLANE/PARLFLyYPSZLARGE,C), $
(PLANE/PARLEL+ZPS.2ZLARGE,C)

NS 2 PS = MATRIX / INVERS, PS 2 NS

PARK = PUINT/ 10,10,10

STRTPT= POINT/ 1,044

ENDPT = PQINT/ 21,044

CK1 = PLANE/ llO’OiZ

CK? = PLANE/ 1,040,420

133339 MACHINING MACRO 4t s

CUTAN =MACRD/ PS,DS,THKPS,THKDS CUTMON,TLSIDE
$5 CUTMOD=TAl OR NRMPS
$% TLSIDE= TLL CR TLR
JUMPTO / CuTMQD
TAl) TLAXIS /7 1
JUMPTO /7 THK
NRMPS)ITLAXLS / NORMPS
THK)  THICK / THKPS, THKDS,O
GOTO / STRTPT, 0,0,1
GO/DS,PS,CK]
JUMPTC/TLSIDE
TLR) TLRGT,INDIRV/1,0,0
JUMPTO/ GF
TLL) TLLFT,INDIRV/1,0,0
GF) GOFWD/DS,CK2
GOTC/ENDPT,0,0,1
GOTC/PARK
TERMAC
$53%% DEFINITION OF PYLNUA $8t%s$
%
PYUV=VECTOR / 0,1,-.0535
RESERV/ PPA,12
PPAL 1)Y= POINT/ -28.5 v 50, ’ 3.640 §§ =-,0535
PPAL 2)= POINT/ -28.5 y 60, ' 3.050
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POINT/ -28.5
POINT/ -28.5
PCINT/ -28.5%
POINT/ =2B.5

PPA( 3)=

PPAL 4)=

PPAL 5)=

PPAL A)=

PPAL 7)= POINT/
PPAL B)= PUINT/
PPAL )= POINT/
PPALLO)= POINT/
PPAILL)Y= POINT/
PPALL2)= POINT/
6%

PRINT/O

RLFSYS/Z NS 2 PS
PYLNUA=

-8-5
~-B.5
'8.5
-R.5
-R.5
"815

REFSYS/ NOMORE
$$55s DEFINITION OF FUS

$%

RESERV/FP 464
SYN/ POINT,PT

11
FR I
FP(
FP(
Fio(
FP(
FP
Fi
Fp
Fi
Fid
FPl
FP(
FP(
FP
FP(
Fp{
FP(
FP(
FP
et
FPU
FP(
FRl
FP(
FPt
FPy
FP(
Fp
FP{
FP(
FP(
FPI
FP{
FP(

1)=PT/
21=PT1/
3)=PT1/
4)=PT/
5)=PT/
&)=PT/
Ti1=PV/
81=PT/
=PT/
LCY=P1/
11)=PT/
121=PT/
13)=P1/
14)=PT/
151=P7/
lo}i=PT/
17 y=p1/
18)=PT/
19)1=P1/
20)=PT/
211=P7/
22)1=pPT/
23)=pT1/
24)1=PT1/
25)=PT/
26)Y=pPT/
T)=pT/
28)=0T1/
cF)=PT/
30V =pPV/
31)1=PT/
32)=PT/
33)=PT/
34)=PT/

52.609%,
52.2C75S,
5106382!
E0.8079,
49,6375,
4B .0R20,
H6,100%,
44,9228,
5T.7064,
5741455,
56.4104,
55.3715,
h3,9226,
52.0075,
49.5TH3,
48012q2!
60.9279,
60.1991,
59,2368,
38,0845,
5643382,
54,0822,
51.2287,
49,5307,
heoal2204,
6£1.3397,
60,2886,
SR.8695,
56.92"2!
54,3755,
51.1%37,
49,2394,
61.9176,
60.9249,

- W W W W W W w W

SSURF/ MESHXYZ,

R18,
838,
858,
878,
A93AR,
918,
938,
348,
Al8,
838,
858,
B78,
g8,
918,
938,
948,
818,
838,
858,
R78,
838,
918,
338,
348,
818,
838,
858,
878,
898,
918,
938,
948,
B18,
838,

1C0.

T0.
a0.
90.

50.

5643
h2.6
6R, 9
5.2
81.5

- - & W B w W @ W *

SPLINE,
SPLINE,

S5 %

63.0758
62.T441
62,3455
4l.7640
60,9446
59.8554
SB.4682
5T.6433
53.0969
52,8353
52.4926
52.0081
51.2325
50.4395
49.3058
48.6310
42.5136
42,3183
42.0765%
41,7436
41.2838
40.6793
39.9147
39.4597
31,6319
315545
31.4625
31,3384
31.14682
30.9452
30.60633
30.4958
20,7709
20.8577

24375
1.620

«B44
C.
3.640
3.248
2.660
1.908
1.0C8
0.

$s

PPA(]1) , TANSPL,PYUV,
PPA(T),TANSPL ,PYUV,
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M=-,0535

PPA(2,THRU,6),
PPA{E,THRU,12)
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FPU 35)=PT/ 59,7296, 858, 20.9623
FP{ 36)1=PT/ 58.1200, 878, 21,1031
FP{ 37)=PT/ £55.9294, 898, 21.7948
FP{ 38)1=PT/ 53,0792, 918, 21.5441
FPU 39)=PT/ 49.5168, 9383, 21.8558
FP{U 40)=PT/ 4T.4346, 948, 22.0380
FPL &41)=PT/ 60.2531, 818, 10.0432
FPU 42)=PT/ 59,1625, 838, 10.31354
FPL 43)=PT/ 57,8009, B58, 10,7002
Fl 44)=PT/ 5%.9368, ATH, 11.1997
FP{ 45)=PT/ 53,4419, 898, 11.8682
FP{ 46)1=PF/ 50.3017, 918, 12.7096
FP{ &4T7)=PT/ 46.5039, 938, 13,7273
FP( 48)Y=PT/ 44.3338, 948, 14,3087
FP{ 49)=PT/ &7.2002, 818, -+4849
FP( 50)=PT/ 55.9724, 838, D8BTS
FPL B51)=PT/ 54,3162, 858, «R59AR
FP{ 52)=PT/ 52.1634, 878, l1.8637
FP{ 53)1=PT/ 469.45%40, 898, 3.,1272
FPIL 54)=PT/ 46,1781, 918, 446547
FP{ 55)=PT/ 42.3266, 938, &.4507
FP( 561=PT/ 40.1671, 948, T.4577
FPL 537y=PT/ 53,5726, B1l8, -8.6154
FP{ 5B8)¥=PT/ &2.1460, 838, =T7.6760
FPL 59)=PT/ 50.3198, 858, -6.4901
FPI ©0)=PT/ 4B8.0504, 878, -5.0163
FPU 611=PT/ 45,2939, 898, =-3,22562
FPO &2)1=PT/ 42,0435, 918, -1.1154
FPC B3)=PT/ 3R,2921, 938, 1.3207
FP( &4)=PT/ 34,2156, 948, 2.6692
$s

NOFS =PQINT/ 45, A35, 28

NPT2 =POINT/ 75, 935, 28

INO =PLANE/ 0,0,.1,28

XNO =PLANE/ PERPTO,INO, NOFS, NPTZ2
YNO  =PLANE/ NOFS, PERPTD, XMO, ZNO

NS2FS5= MATRIX/ {(PLANE/PARLEL,XNQ, XLARGE,Q}, (PLANE/PARLEL,YNCsYLARGE,0),$
(PLANE/PARLELyZNDyZLARGE, 0}

FSENS= MATRIX/ INVERSyNSZ2FS

PRINT/G

REFSYS/(FUS 2 PS=MATRIX/ NS 2 PS, FS 2 NS )

FUS=SSURF/MESH,XYZ, $ FUSELAGE SURFACE
SPLINEFPIL 1:THRU, 8).%
SPLINE.FP!L F2THRU, 16),%
SPLINEFP( 17+THRU, 24}+%
SPLINEFP{ 25,THRU, 32),8%
SPLINE,FP( 33,THRU, 40),3%
SPLINE,FP( 4)1,THRU, 4B),$
SPLINEFP{ 49,THRU, S6),%
SPLINESFP( 57T,:THRU, 5A4)

REFSYS /7 NCMORE

PRINT/O

$584%% CALL MACRO $55%%

CUTTER/ 2

PPRINT PASS NO. 1
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CALL/CUTAN 4 PS=PYLNUA, DS=FUS, THKPS=-_,10, THKNDS=2, %
CUTMOD=NRMPS,y TLSIDE=TLR
PPRINT PASS NO. 2
CALL/CUTAN , PS=PYLNUA, DS=FUS, THKPS=-,10, THKDS=1, %
: CUTMOD=NRMPS, TLSIDE=TLR
PPRINT PASS NO. 3
CALL/CUTAN , PS=FUS, DS=PY{NUA, THKPS=-,2C, THKDS=2, $
CUTMND=NRMPS, TLSIDE=TLL
PPRINT PASS NO. 4
CALL/CUTAN 4 PS=FUS, NS=PYLNUA, THKPS=-,20, THKDS=1, %
CUTMDD=NRMPS, TLSIDE=TLL
CUTTER/1,.5
PPRINT CLEAN QUT CORNER WITH BALL ENDMILL
LOOPST
A= .9
cl) CALL/CUTAN 4 PS=PYLNUA, DS=FUS, THKPS==,10, THKDS=A, §
CUTMOD=TAl, TLSIDE=TLR
A=A-,1
[F{-.2-4) Cl,Cl.C2
c2) A=Q
c3} CALL/CUTAN , PS=PYLNUA, DS=FUS, THKPS= &, THKDS==,2+$
CUTMOD=TAL, TLSTDE=TLR
AzA*cl
[F{.9-8) C4.,C4,C3
C4)LUJOPND
FIiNI
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3.2a Same as 3.2 (Alternate RLCFSYS Method)

PARTNO SSIP/SSX3A ~TEST 2A- MACHINF ANGLE BETWEEN FUS/PYLON (CHUBB)
%3 PURPQOSE —- 1, SAME AS TEST 2 FXCEPT FOR REFSYS TELHNIQUE
$$ 2. THIS PROGRAM SHOULD RUN ON APT 4 (SSX3A) WITH ONLY
$t MINCR MOCIFICATIONS.
5
5% NOTE - THIS WAS NEVER ACCOMPLISHED
X
B — e e e e e r e —— e —————mmm———————
NOPOST
MUL TAX
CLPRNT
SSON= SSURF / NISPLY ¢ CN  $8 APT 3 (SSIP)
$% PRINT/TABPRT , ON $% APT 4 (SSX3A)
PTL = POINT/ -21.659, 50.0C0, 3.640
PT2 = POGINT/ -21.852, 73.240, 1.988
ZPS = PLANE/ PT1ly PERPTO, (VECTOR/1,0,1}
YPS = PLANE/ PTl, PT2, PERPTO, IPS
XPS = PLANE/ PT1, PERPTO, 2PS, YPS

PS 2 NS = MATRIX / (PLANE/PARLFEL+XPS,YLARGE,C)y $
(PLANE/PARLELYPS,ZLARGE,0),
(PLANE/PARLELyZPSyZLARGE.C)

NS 2 PS = MATRIX / INVFRS, PS5 2 NS§

PARK = PQINT/ 10,10,10
STRTPT= POINT/ 14044
ENUPT = POINT/ 214044
CKl = PLANF/ 14040,2
K2 = PLANE/ 140,450,720

ZV=VEC[OR/Ot001
$534% MACHINING MACRN $55% 8%
CUTAN =MACRO/ PS,0S5,THKPS , THKDS CUTMID,TLSICE
$% CUTMOD=TAl OR NRMPS
$% TLSIDE= TLL OR TLR
JUMPTQ 7/ CUTMOD
TALl) TLAXIS /7 1
JUMPTE / THK
NRMPSITLAXIS /7 NORMPS
THK ) FHICK / THKPS, THKDS,O
GOTO/ STRTPT,ZV
GO/DS+PS+CK1
JUMPTO/YLSIDE
TLR} TLRGT,INDIRV/1,0,0
JUMPTC/ GF
TLe) TLLFTLINDIRV/1+0,0
GF) GOFWD/DS,CK2
GOTOY ENGPT,.,ZV
GOTO/PARK
TERMAC
8388 DEFINITION OF PYLNUA 558¢8
1 3 .
RESCRV/ PPA,12
$+% REFSYS POINTS TO PARY SYSTEM
REFSYS/ NS 2 PS .
PYUV=VECTOR / 041,-.0535
PPA( 1)= POINT/ ~-28.5 r 50, 1] 3.640 $% ==,0535
PPAL 2)= POINT/ -28,5 vy 60. ' 3.050
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PPA( 3)= POINT/ -28.5 + 0. ' 2375

PPA{ 4)= POINF/ -28.5 y 80, ’ 1.620

PPAL 5)= POINT/ -2R.5 y 90. ' « 844

PRAL B} = POINT/ -28.45 1 100. r C.

PPAL T7}= POINT/ -8.5 , 50, ' 3.640 $% ==,053%

PPAL B)= PCINT/ -8.5 + 56,3 ’ 3.248

PPA( 9)= POINT/ -8.5 vy b62.6 ¥ 2.660

PPALLO)= POINT/ -8,5 y 68,9 ' 1.908

PPA{LI1}= POINT/ -8.5 v 15.2 ' 1.008

PPA(12)= POINT/ -8.5 + 81.5 ’ C.

REFSYS/ NOMORE

13

PYLNUA= SSURF/ MESH,XY¥Z, SPLINF, PPAL1),TANSPL,PYUV, PPA(2,THRU,&), ¢

SPLINE, PPA(T),TANSPL,PYUV, PPA(B,THRU,12)}

#3448 DFEFINITION OF FUS $55t$ '

1 3

NOFS =POINT/ 8%, 835, 28

NPTZ? =POINT/ 75, 935, 28

INO =PLANE/ 0,0,1,28

XNO =PLANF/ PFRPTO,IN0O, NDOFS, NPT2

YNO =PLANE/ NOFS, PERPTO, XNO, 7ZINO

NS2FS= MATRIX/ (PLANE/PARLEL ¢XNQyXLARGE D)o {PLANE/PARLEL»YNC:YLARGE,C) 43
(PLANE/PARLELyZNQ,ZLARGE, Q)

FS2NS= MATRIX/ INVFRS,NS2FS

RESERV/FP 64

SYNZ/PT ZPUINT

b 3 REFSYS POINTYS 7O PART SYSTEM

REFSYS/IFUS 2 PS=MATRIX/ NS 2 PS5,
$6 REFSYS/UIFUS 2 PS=MATRIX/ FS 2 NS,

$s
FP(
Fe(
FP(
FP(
Fof
FP(
FP(
FP
FP(
FP(
FP(
FP(
FR(
FP(
FP(
FP(
Fi(
FPi
Foy
FP(
FP(
FP(
FP(
FP(
FP(

1y=PT1/
2y=P1/
31=PT/
4)=PV¥/
51=PT/
6)=PT/
Ty=PY/
By=PT/
Fy=PT/
10)=PT/
11=PT/
121=PT/
13)y=P71/
14)=PY/
15¥=P7/
161=PT/
17)=PT/
18)=PT/
Loy=PT/
20=PT/
21)=PT/
22)=PT1/
23)=PT/
24)=PT/
29)1=P1/

5206099!
52.2075,
51.6382'
50,8079,
49.6375,
48.0820'
46.1009,
44,9228,
57.7T064,
57.1455,
5604104!
55.3715,
53,9226,
52.0075,
49.5763,
48,1292,
60-9?79'
60.1991,
59.2968,
58,0545,
56.3382,
54.0822,
51.2287,
49.5307,
622244,

8l8,
838,
858,
878,
898,
918,
938,
948,
818,
838,
B58,
378,
898,
918,
938,
948,
B18,
838,
858,
8TA,
898,
918,
938,
948,
8148,

63.02%8
62.744]
62.3455
61.7640
60.9446
59.855¢4

58.4682

57.66433
53.0969
52.8353
52.4926
52.0081
5143325
50.4395
49.3058
48.6310
42.5136
42.3183
42,0765
41,7436
41.2838
40.4793
39,9147
39,4597
31.6319

FS 2 NS
NS 2 PS
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) $% APT 3
) $% APT 4

{(ss1m)
(55x34A}




FPL 26)=PT/ 61,3397, B238, 31.554%
FPL 2T71=PT/ AO,2B8RA, ARS8, 314625
FPL ?B)=PT/ SH.B695, 878, 31.3384
FPL 29)+«PY/ 56,9242, B8, 31.146R2
Fr{ 30)=P7/ Ha,3755, 918, 10.94572
FPE 3L)=PT/ 51.1%37, 938, 30,4631
FPU 421=PT/ 49,2394, 94A8, 30,4958
FPL 33)2PT/ 61.9176, 818, 20,7709
FP({ 34)=PT/ &0,9249, 838, 20.8577
FPL 35)=PT/ 59.7296, B58H, 20.96213
FP{ 36}=PT/ 5R.1200, 878, 21.1031
FP(O 37)=PT/ 585.929%, B3B8, 21.2948
FPL 38)=PT/ S53.0792, 918, 21.5441
FP{ 39)=PT/ 49.5168, 938, 21.8558
FP{ 40)=PT/ 4T7.4346, 948, 22,0380
FP(L 41)=PY/ 60.2531, B18, 10.0632
FP{ 42)=PT/ 59.1625, 838, 10.3354
FPt 43)=PT/ 57.8009, 858, 10.7002
FP{ 44)y=PT/ 55.93568, 878, 11.1997
FPL 4%)=PT/ 53,4419, B98, 11.8482
FP{ 46)=PT/ &0.3017, 918, 12.7096
FPL 47)=PY/ 44,5039, 938, 13.7273
FP{ 4B)=PT/ 44,3338, 948, 14.3087
FPU 49)=PT/ 57.2002, 418, -+4849
FPl SQ)=PT/ 55.9726, B38, -.0875
FPU S1L)=PT/ 54.3162, 858, «R598
FP( 52)=PT/ 52,1634, 878, 1.8637
FP{ 53)=PT/ 47.4540, 898, 3.1272
FP{ 54)=PT/ 46.1781, 918, 4.,6547
FP[ 55)=PT/ 42,3266, 938, &.4507
FP{ 56)=PT/ 40.1671, 948, T.4577
FP{ 57)V=PT/ 53.5726y 818, -8.6154
FPt 58)=PT/ 52,1460, 838, -~-7.6760
FP{ 539)=PT/ S50.3198, 858, =56,.4901
FPl 6G)=PT/ 48.0504, B78, -~5.0163
FPl 61)=PT/ 45,2939, B8998, -3,224&2
FP{ 62)=PT/ 42,0635, 918, -1.1154
FP{ &3)1=PT/ 38,2921, 338, 1.3207
FPU 64)=PT/ 36.2156, 948, 2+:65692
REFSYS / NOMORE
%
FUS=SSURF/MESH, XYZ, $ FUSELAGE SURFACF
SPLINE,FPI 1¢THRUy B)s$
SPLINE,FPI FeTHRU, 161)1,%
SPLINEWFP({ 17,THRU, 26),%
SPLINEFP( 25,THRit, 32),%
SPLINEsFP( 33,THRIiJ, 40’0{
SPLINE,FP( 41,THRU, 4B),$
SPLINEFP{ 49,THRU, 56})},%
SPLINE+FPI 57,THRU, 64)
$55%% CALL MACRO $58%¢
CUTTER/ 2

PPRINT PASS N2, 1
CALL/CUTAN , PS=PYLNUA, DS=FUS, THKPS=-,10, THKDS=2, $
CUTMOD=NRMPS, TLSIDE=TLR
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PURINT PASS NO. 2
CALL/CUTAN , PS=PYLNUA,

CUTMOD=NRMPS,

PPRINT PASS NO. 3

CALL/CUTAN , PS=FUS,y DS=PYLNUA,
CUTMOD=KRMPS,

PPRINT PASS NO. 4

CALL/CUTAN , PS=FUS, 0S=PYLMNUA,
CUTMOD=NRMPS,

CUTTER/L1+45

PPRINT CLEAN OUT CORNER WITH BALL ENDMILL

LUOOPST
A= .9
C1y CALL/CUTAN , PS=PYLNUA,

CUTMOD=TAL,

A=A-,1
IF{-.2-4) Cl,C1,C?2
c2) A=0
L3 CALL/CUTAN , PS=PYLNUA,
CUTMOD=TAL,
Az=A+,1
[IF{.9-A) C4,C4,C3
CaILGUOPND
FINIT

DS5=FUS,

THKPS=~,10,
TLSIDE=TLR

THKPS=-420y
TLSINE=TLL

THKP3=‘020|
TLSIDE=TLL

THKPS=-.10,
TLSIDE=TLR

THKPS=
FLSIDE=TLR
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THKDS=1,

THKDS=2,

THKBDS=1,

THKDS=A’

THKDS==,2,$




3.3 Machine COutboard Side of Nacelle 16 x &0

PARTNG  SSIP/SSX3A -TEST 3~ MACHINE OUTRD SICE OF NACELLE 16X60 (CHUBBY
4 PURPOSE - 1. DEMONSTRATE SPFED

$% 2. DEMCONSTRATE SIMPLICITY OF MACHINING LARGE AREAS

4 3. DFMONSTRATE =501 WARNING USEAGE

L3 3 4, DEMONSTRATE ODISPLY/6

£

NOPOST

MULTAX

CLPRNT

MAXDP/ 10

TOLER/ L0C25%

CANQON/ZON

SSOFF =SSURF / DISPLY, OFF
5%4% DEFINITION OF NACFOR
5% -

RESERV/ P1ly164P2,164P3,16,4P4416,P5,16,P6416,PT4164PB416,P9,16.P10,186

$18%%

54
$4
Pl
Pl
P1
[
P1
P1
Pl
Pl
Pl
Pl
Pl
Pl
Pi
Pl
P1
Pl
%%
%
s
P2
p2
P2
p2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
p2
1 3

PATCH NO.

1)=
2¥= POINT/
31=VECTOR/
43¥=VECTQOR/
St= POINT/
b)= POINT/
Tr=VECTOR/
8)=VECTOAR/
( 9)=VvECTUR/
(LO0)=VECTUR/
(111=VECTOR/
(12)=VECTOR/
(13)=VECTOR/
(14)=VECTOR/
{15¥=VECTOR/
{(l6)=VECTUR/

— gy gy swmy el prm e

PATCH NO.2

POINT/
POINT/
)=VECTOR/
4)=VECTOR/
5)= PQINT/
b1l= POINT/
TI=VELTOR/
8¥=VECTOR/
91=VECTOR/
(10¥=VECTOR/
(LL)=VECTOR/
(12)=VECTOR/
(13)=VECTOR/
{14}=VECTOR/
{15)=VECTOR/
[16)=VECTOR/

)
)

1
2
3

o~ mp e, e g e e ey

1

POINT/

0-

*

O '
0. '
0. '
9. ]
11005 L
2035
1.7370'
14.9117,
18,3082,
3,8935,
2+.87T78,
Oo ’
0- ’
0- L)
G, '
Q. )
Oo ’
0. ’
0. ’
11.05
12.2%
1.5692!
8148,
18.3082,
20.2965,
245998,
1-350 r
0. '
O []
0. '
0. T

0. '
250
0. ’
4,.9628,
0. ’
2,50
0. ]
4.952R,
0. ’
0. *
0. '
0. '
Ce '
0. ’
0. ¥
00 ]
2.50
B.7%
44,4833,
7.988B6,
2.50 | 4
8.75 ]
4.4833!
T.9RBE,
O. '
Oc L
0- r
0. *
'0. L ]
0. *
0. *
0. ’

9.00C
11.05

2.35

1.7370

0.

0.

0.

D.

0.

0.

0.

0.
-14.9117
-18.3082

-3.8935
-208778

11.05

12.25
1.5692
+ 8148

0.

0.

0.

0.

0.

0.

0.

0.
-18.3082
-20.2965

-2.5998
=-1.350
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$$
%
$%
$$
$$
$%
$%
$s
s
$$
$S
$$
%
$3
L 31
3

$3
$s
£$
L 3
$3
£S
£ 3 1
$s
$5
1 3
$%
L}
L 3]
5%
3
t 34

SPOO
SP1C
FDCC
FO10
SPO1
sP11
FDO1
FD11
S001
sD10
TWOO
TW1l0
SDO1
SD11
TWwol
TWil

SPOO
SP1¢C
FDOC
FD10
SPo1
sPl11l
FOOL
FD11
snoe
snlc
TWQO0
TW10
S001
SD1l1
TWO}
TWll




+5
$3
D3
P
Py
3
Py
3
P3
P
P3
v3
P3
P3
P3
P3
P3
P3
$%
b
133
P4
P4
A
A
Py
P4
P&
Py
A
A
P4
P4
Pg
P4
P4
P4
3
$3
s
PS5
P5
Py
PS5
P5
P5
Ps
P5
P5
PS
P5
Ps
P5
P5
PS5

PATCH NO.

( POTNT/
{ POINT/
{ 3)=vECTOR/
{ 4)aVECTORY
t 5)s PUINT/
{ &)= PUINT/
{ 7T)=VECTUR/
{ B)=VECTOR/
( 9)=VECTOR/
{
{
(
{
(
(
(

i

L
2)

10)=sVECTOR/
11)=VECTOR/
121=VECTOR/
13)=VECTOR/
14)=VECTOR/
L5}y=VECTOR/
16}=VECTOR/

PATCH NO.

li= POINT/
2= POINT/
3)=VECTOR/
4)=VECTAR/
Sk= POINTY/
6¥= POINT/
TY=VECTOR/
B)=VECTOR/
P =VECTOR/
(10)=VECTQOR/
(11)y=VECTOR/
{12)=VECTOR/
(l3)=VECTOR/
{14)=VECTOR/
{15)1=VECTOR/
{16)Y=VECTOR/

N e e e e e e e

PATCH ND.

1= POEINT/
21= PCINT/
3)=VECTOR/
4)=VECTOR/
51= PCINT/
6l= PCINT/
T)=VECTOR/
BY=VECTUR/
FV=VECTOR/
{10)=VECTOR/
(LL)=VECTOR/
(12=VECTOR/
{13}=VECTOR/
(14)=VECTOR/
(151=VECTOR/

— g, g iy, p— g —

0, ’
0O, )
O- ’
0. '
12.25
12-60 ?
«6910,
0. '
202965,
20.8Tb%,
l1.1448,
00 ?
0- ’
0. ¥
-1.1448,
Oo ¥
Oc | ]
O. L
o. v
0. ’
12.60
12.60
0. '
0. *
20,8764,
20.8764,
Oo ]
C. v
0- L ]
00 ?
O. '
0- L ]
0. 1
0. '
0. | 4
. [
12.60
11.65
Oo ’
"'Ilqo ]
20.8764,
19.3024,
0. '
-301479’
0. ]
O '
Oo r

R.T5
16.00
6.?7’#11
?o"]OO!
R, TH '
16,00
6H.TT41
T.430
O.
0.
0.
0.
0.
GC.
0.
0.

- W e e = % w u

16000 ’
55.00
21.8798,
39.9812,
16.00
55.00 ]
21-8?981
39.9812,
0- ?
0-
0.
0.

+0

«0

»0

+0

N W P W W W -

55.00
67.50
12.40
12.60
56.00
67.50
12.40
12.60

- W W W P W w W W W W W % @ W

12.25
12.60
HILN

n,

0.

0.

0.

0.

C.

C.

0.

0'
-20.2965
-20.8764%

0.

Ol

0.
0.
0.

12.60
11.65

0'

~1.9C

0.

0.

0.

0.

0.

0.

O'

0.
=20.8764
-19.3024

0-

83

%
1%
't
133
'
$t
$s
ts
8
$s
5%
$%
L33
£%
s
$$

£
L 3
$%
$%
$s
s
$t
3
$%
s
£ 31
s
$%
£s
5%
$s

£
$s
$s
$%
$4
$$
1 3 3
£ 3
$s
%
£
L3
$s
$%
3%

SPOO
S5P1C
oo
rnto
SPOL
SP11
FDO1L
FN11
500¢
sola
TWOQ
TWlcG
sDol
sD11
TWwol
TWHll

SPOQ
SP10 -
FDOO
FD10O
SPO1
SP11
FDO1
FOll
SDCC
SD1¢C
TWOo
TWl0
S001
SD1L1
TWOl
TwWll

SPO0
SPLlO
FDOO
FD1¢C
SPO1
5P11
FOO1
FD11l
SDoO
SGlo
TWOC
TWl0
Sool
5011
TWwol




PS5
$$
133
$s
P&
Pé
Po
Po
P&
P&
P6
Pé
P&
P6
Pé
Pé
P&
Pé
P6
P6
$3
$$
131
P7
P7
P7
P7
P7
P7
P7
P7
P7
P7
P7
PY
Pp7
P7
P7
p7
13
$1
13
PR
P8
P8
PR
P83
Py
P8
P8
P3
P8
PB
PR
Pa

(16)=VECTUR/
PATCH NO.

1= POINT/
2)= PQINT/
3)=VECTQR/
4)=VECTQOR/
5)= POINY/
6)= PCINT/
T)1=VECTOR/
B)=VECTOR/
¥=VECTOR/
(L0)=VECTOR/
(11)=VECTOR/
(121=VECTOR/
(13)=VECTOR/
(14}=VECTOR/
{15)=VECTOR/
{16)=VECTOR/

PATCH NO,

1¥= POINT/
2)= POINT/
3)=VvECTOR/
4)=VECTOR/
5)= POINT/
6)= POINT/
T)=VECTOR/
8¥=VECTOR/
=VECTOR/
(lO)=VECTOR/
(11)=VECTUR/
{12¥=VECTOR/
(13)y=VECTQR/
(14)=VECTOR/
(15)=VECTOR/
(16)=VECTOR/

g, gy m—

PATCH NO.

1)Y= POINT/
2)= POINT/
3)Y=VECTOR/
4)=VECTOR/
5)= POINT/
6)= POINT/
T)=VECTOR/
BY=VECTGR/
9)=VECTOR/
(10}=VECTGR/
{11)=VECTQOR/
(12)=VECTOR/

i T I NP e ST Y

0. ]
9.00
11.0% ,
2.35 ,
1.7370,
0- L
0. *
0. v
O. [ ]
0. ’
O. L ]
0. »
Oc L
-14.9117,
-18.7850,
-4.5562|
-44,3972,
11.05
12-25 ’
105692'
u8148'
0. ]
Oo ¥
0- ?
0. L
0. L4
00 L
0. L4
00 L
-1807850!
-23.1280,
~3.9724,
-4.0157,
12.2%
12.60
«6910,
0. ]
O '
0. ’
0- L
C. '
Oo ]
O. *
0. r
O. ¥
14

(13)=VECTOR/ -23,1280

Ol ]
0- L
2.50 ¥
0- ]
4$.9628,
00 *
2.50
O. L
409839!
0. ’
e L
O- r
Oo ¥
0- 1 4
0- r
0. ’
0. ’
2.50
3-75 )
4.4833,
7.9886,
2.50
8.75 ,
405024!
709701'
On ¥
00 T
0- ]
0. '
00 ?
0- *
0. '
0. ’
8.?5 L
16.00
6.7T741,
7.43 ,
B.75
16. 14
H.T584,
8.0751,
0. ’
0- ’
Oo »
0. ’
0. ’

3.16479

‘506041
-14,9117

-2.3525
-108411
-19.856¢C
~26.0355
‘5.3609
'6-3C6?
0.
0.
0.
0.

0.

0.

0.

0.
-13!79
-15.1

-1.5612
~-1.,1023

=26.0355

-30-2
~-?.8888
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$5

$s
3
$3
L 3 3
%
$%
$%
%
5%
$s
£ 3 )
58
%
3%
s
$s

s
$3
5%
ts
$%
$s
$%
3%
$3
$%
1 31
$t
$s
$$
$s
5t

s
$$
$s
t 3
$5
s
$%
£t
5%
L3 1
$s
£S5
$%

TWll

SPO0
5P10
£DOC
FD10
SPO1
SP11
FDOl
FDLl1
5D0C
sb1o
TWQO
TwWlC
5001
5011
TWOl
Twil

SPOO
SP10Q
FNO0
FD10
SPO1
sPl1l
FDO1
FDI11
speo
SD10
Twoo
TW10
SDO1
SN11
TWO1l
TwWwll

SPOQ
sP1Q
FDoo
FO10
5pPC1
sP11
FDO1
FD11
sDoo
SD10O
Twao
TWl0
so01




Pe
Py
P8
53
5%
$5
P9
PY
P9
)
P9
Py
P9
P
P9I
P9y
P9
Pa
P9
PO
PG
p9
+$
13
5%

{14)=VECTUOR/ -25.2000,
{15)=VECTOR/
(16)=VECTOR/

{
(
{
{
(
(
(
{
{

PATCH NO,

1)Y= POINT/
2)= PCOINT/
3}=VECTOR/
4)=VECTORY/
5)= POINT/
41= POINT/
7T)1=VECTOR/
8)=VECTUR/
F)1=VECTOR/

{10)=vECTOR/
(11)=VECTOR/
(12)=VECTOR/
(13}y=VECTUR/
(14}=VECTOR/
{15)=VECTOR/
(l6)=VECTOR/

P10t
PLOA{
eLOH
P10t
PLOI
PLOL
P1OL
PLGH
P1Gt
P12{10)=VECTOR/
P1O(11)=VECTOR/
PLO(12)=VECTOR/
PLO(L13)=VECTOR/
P1OU14)=VECTQR/
P1C(15)=VECTOR/
Pi0(16)=VECTOR/

$%

PATCH NO,

1)= PGINT/
2)= POINT/
3)=VECTOR/
4)=VELCTOR/
5)= PCINT/
6)= POINT/
T)=VeCLTOR/
B1=VECTOR/
91=VECTOR/

o

PRINT/G

NACFOB= SSURF/ PATCH,

P1
P2
P3
Pe
PS5
Ps
PT
P8
P9
P10

PRINT/C

“304052.
-077331

9

-
M W W W W W w w W W w w

Ol
~-25.7 *
_2109744’

=2.2771,

6.6244,

10

12.60

11.65
O‘

-1.90

.
+ w W W w % W oW w w

O- r
‘21.9744|
*19.3024'

2.0545,

1.9944%,

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

T Nl St Rl e meP kM S War
. W W W W W W W ow

O A
0. 14
0. ]
16.00 ]
55.00 1]
21.8798,
33.9812,
16.00 A
55.00
23.7795,
QQ.?@SB,
0- ]
Oo r
Oo ’
0. 13
0. L)
Q. ’
Q. A
Ol ?
55.0 '
5T7.50
l2.,40
12.60
55.0 L
67.5 y
16.9853!
7.9825,
Oo L
0. v
O. ]
G J
Oo r
O. ’
Oc ’
0. ’

PNTVEC, 6. 3,

0.

0.

G.

0.
-15.1
-13.35

-3,2459
6.912C
"30.20
~23.2824
“8.5668
13.8751

Q.

a.

0.

0.

0.

0.

e

0.
=13,35
-11065

2.1437

1.2038
"23-2824
~19.3C24

4.3033

3.1481

0.

0.

0.

0.

PLUS,
PLUS,
PLUS,
PLUS,
PLUS,
PLUS,
PLUS,
PLUS,
PLUS,
PLUS,
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%
5%
$s

%
s
%
$3
s
§$
L 3
b 3 )
%
$s
$%
$s
1§ ]
55
5%
s

$s
s
5%
$%
L 3
$s
$%
L3
$s
3 3
$s
$s
33
ts
s

W A A e

SO1l1l
TWOl
TW1l

SPOO
SP10
FDOO
FD10
SPC1
5P1L1
FDO1
FCL1
S8Co
S010
TWOO
TW1l0
SDC1
So11
TWol
TWll

SPOQ
SP10
FOOQ
FD10
SPOl
sP1l
FDO1
FOll
sboc
SO19
THWOO
TW1C
Sool
SD11
TWO1
Twll




$R060 DEFINITLION OF NAGCFIR  $84%$

1 3 )

RFFSYS / ([VERSK*MATRIX/ ‘1,0'010' OvlvO!C! Qvoolvo '
5%

NACFIR= SSURF/ PATCH, PNTVEC, 6, 3, PLUS, $
Pl (  ALL 1}, PLUS, $
P2  ALL 1}, PLUS, $
P3 ( ALL ), PLUS, %
Pe  ( ALEL ), PLUS, $
PSS ALL )y PLUS, $
P65 ALL 1}, PLUS, $
PT ALL )y PLUS, $
PB U ALL ), PLUS, $
P9 { ALL 1V, PLUS, $
pP1o ¢ ALL )
REFSYS /7 NOMODRE
PRINT/O
CKL = PLANE/Oy1+0,3
CK2 = PLANF/0,1,0,87.
CUTTER/ 2.1
£58%4 MACHINING LOOP f65¢¢
LOOPST
TLAXIS/ 1
A=-9§
6GOT0/ 12414-10, 1,0,0
PSIS/NACFOB
Al) INDIRV/Qs1,40
GUFWD/ (PLANE/Os0,194),CK2 $% =501 WARNING WILL ACCRUE HERE
A=A+.15

IF(8-A) A3, A2, A2

A2) INDIRV/D,-1,0
GOFWD/(PLANE/O,0s1,A),CK1 $% =501 WARNING WILL ACCRUE HERE
A=A+.15
IF(8-A) A3, Al, Al

A3} GODLTAZ 5
LOOPND

tebts DISPLY / & $5%%4
PSTIS/ NALCFOB
BISPLY 7 &
FINI
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3.4 Tool Failure Crossing Boundaries

PARTNO SSIP/SSX3A -TEST 4- TONL FAILURE CROSSING BOUNDARIES (CHUBR )
£3% PURPCSE - 1. DEMONSTRATE SSURF CTAGNOSTIC PRINT ON AND OFF
£% 2. DEMONSTRATE ~501 WARNING

t% 3. DEMONSTRATE -2856 WARNING

£t 4. DEMONSTRATE DELETE/ ON AND OFF

1 31 5. TEST TOOL RECOVERY AT BOUNCARIES

1 3 3 G. TEST BOUNNARY MISMATCH

B e e e e e e
NOPQOST

MULTAX/0ON

CLPRNT /(N

CANON/ZGN

ODS1L = PLANE / 1,0,0,0 L 11 90 DEG

D52 = PLANE / .923979513, Cy ~+438268343, 0 $% 67.5 DEG

D53 = PLANE / 70710678, 0O, =+ TOT106T8, C % 45 DEG

Y64 = PLANE /7 0,41,0,64

Y12 = PLANE 7/ 01100072

Y6715 = PLANE / 0!1!0[67.5

AFTPT= POINT / 3,75,15

FWUDPT= POINT / 3,62,15

PYV = VECTOR/ 0+1,0

MYV = VYECTOR/ 0,-1,0

PRINT/Q

#6888 DEFINITION OF NNOZO AND NNOZI  $$$s$

$

CPTF =POINT/ Oy 67.54 11.65

CPTM =POINT/ Oy 75, 10,1

CPTA =POINY/ 0, 81.5, 8,35

CONVF=VECTOR/ 0, 12.6, -1.9

CONVA=VFCTOR/ Oy 1, =-.290

YV = VECTCR / 0,1,0

NOK= PQOINT / 0,0,0

PRINT/C

NUZCUN= SCURV/ CURSEG,CPTF , TANSPLyCONVF , CPTM, CPTA, TANSPL, CONVA
PRINT/OQ

NN(QZO =5SURF/ REVOLV,NOZCON,XAXTS ¢ NOR,YV,CCLW, 0y, 180

PRINT/O

NNOZT =S5SURF/ REVOLVNGZCON,XAXIS,NCR,YV, CLW, 0y 180

PRINT/O

$$5%3 DEFINITION OF NACFOB $$$$%

5%

RESERV/ pl!16!P2|16'p3’16'P4116'P5'16|P6'16'P7!16’P8|169p9'16'PICl16
54 PATCH NO. 1

$5

Pl ( 1)= POINT/ 0. ' o. ' 9.00 $% SPOOC
PL  2)= POINT/ 0. ' 2.50 4 11.05 $% SPIC
Pl { 3)=VECTOR/ 0. ’ 0. ' 2.35 $$ FDOO
Pl ( &)=VECTOR/ 0. ' 4.95628, 1.7370 ¥$ FDI1Q
Pl  S5)= POINT/ 9. ’ 0. ' 0. §$ SPO1
P1 ( &)= POINT/ 11.05 , 2.50 , 0. §$ SP11
Pl ( T)=VECTOR/ 2.35 0. ' 0. - $% FDOL
PL { 8)=VECTOR/ 17370, 4.9628, O $$ FD11
Pl ( 9)=VECTGOR/ 14.9117, 0. ' G. - £$ 5001
Pl (10)=VECTOR/ 18.3082, 0. ’ 0. $% 5D1C
Pl (11)=VECTOR/ 3,8935, 0. ’ O. $% TwOO
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Pl
Pl
Pl
Pl
P1
5
1 3
s
P2
P2
P2
2
p2
P2
p2
P2
P2
P2
o2
P2
pe
p2
p2
P2
£t
5
$%
P3
P3
P3
P3
P3
P3
P3
P3

3

P3
P3
P3
P3
P3
P3
P3
$s
$3%
$s
P4
P4
Py
P4
P4
P4
P&
P4
P4

(12¥=VECTOR/
{l3)y=VECTOR/
{14)=VECTOR/
(15)=VeCTOR/
{16)=VECTOR/

PATCH NO.2
1)Y= POINT/
2)= POINT/
3)=VECTOR/
4)=VECTOR/
9)= POINT/
6)= POINT/
7)=VECTOR/
B8)=VECTOR/
9)=VECTOR/
{10)=VECTOR/
(11)=VECTOR/
(12)=VECTOR/
(13)=VECTOR/
{14)=VECTOR/
(15)=VECTYOR/
{16)=VECTOR/

P e e I e T e Y O

PATCH NO.

L= POINT/
2)= POINT/
3)=VECTDOR/
4)=VECTOR/
S)= POINT/
6)= POINT/
7)=VECTOR/
8)=VECTOR/
9)=VECTOR/
(10)=VECTOR/
{11)=VECTOR/
(12)=VECTOR/
(13)=VECTOR/
{14)=VECTOR/
(15)=VECTOR/
(16)=VECTOR/

iy e, g s—

PATCH NO.

1¥= POINT/
2)= POINT/
3)=veCTOR/
4)}=VECTOR/
5)= POINT/
61= POINT/
TI=VECTOR/
B8Y=VECTOR/
9¥=VECTOR/

P N el el ]

2.8778,
0. '
O. ’
0. ’
0. ’
0- '
0. '
0. *
0. *
11.05
12025 r
1.5692'
«Bl4aB,
18.3082,
20.2965,
245998,
1.350 ,
0. [
00 *
O. ’
0. '
0. '
00 []
0. ’
0O, ’
12.25 ]
12.60
+6910,
O. v
20.2965,
20.8764,
1.1448,
C. '
0. ’
0. '
=1.1448,
0- [
0. ’
0. ’
0. ]
0. +
12.60 r
12.60
0- L)
O- | 4
20.8764,

0.

|

0. y

0. 1

0. '

0- ?

2,50

BsT75

4.4833!

T.9886,

2.50

8.75

4.4833,

T.9886,

O. '

0. ’

0. ’

O. ’

0. ]

0. ]

0. ’

0. v

8-?5 [

16.00
6.T7741,

T+4300,

8-75 ’

16-00 ?
6.7741,

Tets30

0. ?

C. '

0. '

0. v

0' ’

0. .

0. ’

0. '

16.00
55.00 ’
21.8798,
39.9812'
16'00 1 4
55.00
21.8798,
39.9812I
0. ]

0.
-14.9117
-18.3082

-3.8935
onﬁTT&

11.05

12.25
1.5692
«8148

0.

O.

0.

0.

0.

0.

0.

O.
-18.2082
~20G.2965

-215998
-1.35%0

-2002965
-20.8764
0.
0.

12.60

12.60
0.
0.

0.
O.

0.
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L}
3
$$
1 33
5%

$%
$3
b3 ]
i
$¢
£
$s
5
s
s
L ]
$s
$$
$s
$s
53

s
$s
$$
5%
5
$S
s
s
s
$%
$£$
$s
L3
S
$$
$s

3
$%
$$
$3
$$
$$
$s
33
s

TW1O0
SDO1
SD11
TWOl
TWll

SPOG
5P1¢C
FDOO
FD10O
5f01
5P11
FDO1
FD11
SDCO
5D1C
Twoo
TWlo
5001
SO11
TWol
TWll

SPOO
5P10
FDOO
FD1C
SeQl
SP11
FDO1
FO11
5000
Sc10
TWOO
TW10
$001
sD11
TWOl
TW11

SPoO
SP10
FDOC
FD10O
SPO1
5P11
FDO1
FOL11
SDOO




P4
14
P4
P4

Py

P4
P4
'3
5
tt
P5
PS5
P5
PS5
PS5
P5
CX)
PS5
P5
PS
05
PS
Ps
Ps
PS5
PS
s
$s
$s
P6
P6
P&
Po
P&
P6
P6
P6
P6
P6
P6
P
P6
P6
P&
Po
$s
$s
$s
PT
p7
P7
P7
P7
P7
p7

(10)=VECTUR/
(LL)=VECTOR/
(121=VECTOR/
(13}=VECTOR/
(14)=VCCTOR/
(15)=VECTOR/
(16)=VECTOR/

PATCH NO.

1= POINT/
2)= POINT/
3)=VECTOR/
4)=VECTOR/
5)= POINT/
61= POINT/
TI=VECTOR/
8)=VECTOR/
9)=VECTOR/
{LO)=VECTOR/
(11)=VECTOR/
(12)y=VECTOR/
(13)=VECTOR/
{14)y=VECTYOR/
{15)=VECTOR/
{16)=VECTQOR/

oy — g — — p— p—

PATCH NO.

1)= POINT/
2= POINT/
3)=VECTOR/
4)=VECTOR/
5)= POINT/
6)= POINT/
TYI=VECTOR/
81=VECTOR/
9)=VELTOR/
(l0)=VECTOR/
(L1)=VECTOR/
(12)=VECTOR/
{13)=VECTOR/
{14)=VECTOR/
(15)=VECTQR/
(16)=VECTOR/

PATCH NO.

1L)= PCINT/
2= POINT/
3)=VECTOR/
4)=VECTOR/
5= POINT/
6= POINT/
7)=VECTOR/

R P

20,8764,
0. '
00 ’
0. '
O. '
Oo L
0. '
0. ’
0. ]
0. ’
00 ’

12.60

11-65 ’
0. *

-1.90 A

20.8764,

19.3C24,
0. '

=3.1479,
Ce '
0. v
0- *
O- ]
9i00 [}

11,05
2035 1
1.7370,
O. ’
00 r
0. '
00 ?
0. '
0- 1 ]
O. '
00 r

-14.9117,
_1807850|
~4.5562,
~-4,3972,

11.05

12.25
1.5692,

8148,
Oo | 4
0. '
0- ¥

*
O
- - w w w w w

0. )
2.52
Oo L
4,9628,
00 )
2.50
00 r
4.9839,
0- L
0.
0.
0.
0.
O.
0.
0.

w» wW W W W W B

2.50
Bs75
4.4833,
T.3886,
250
B.75
445024,

0.

0.

0.
-20.8764

O.

0.

-20.8764

~19,3024
0.
3.1479

c.
OI
0.
0.
‘9-0
-11.68
=2.75
—2.6041
-14.9117
=-19.8%60
-308935
~5.9343
O.
G.
0.
0.

O.

0.

0.

0.
-11068
-13.79

=2.3525
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$$

$s
st
| R
$s
L3

$%
$%
L 3
$s
$s
$3
$%
$s
$$
$s
$s
L 3
£
$s
5%
$3

$%
$s
s
L33
t 31
i
%
£
s
$s
is
$%
$s
$s
53
$s

$$
$s
$$
$s
$s
$$
£

SD10
TWOO
TWlQ
SDO1
sD11
TWOl
TWll

SPOQ
SP1C
FDCO
FO10
SPO1
SP11
FDOL
FO11
Spoce
Sp10
TWOO
TW10
5001
5011
TWOl
Twll

SPQO
SP1¢C
FDIO
FD10
SPOl
sP1l
Focl
FD11
5000
sDlo
TwOQ
TWlO
SO0l
S011
TWCl
TWll

SPOO
SP10
FbOC
FD10
5PO1
SP11
FDO1




PT ( 8)Y=VECTOR/ 0. ’
PT { 9)}=VECTOR/ O. '
PT (10¥=VECTUR/ 0. ’
P CLLYsVECTOR/ (. '
BT (L2VwvFLTURY O v
PT (L3)=VECTORZ ~18,78%0,
PT (la)=VECTOR/ -23,1280,
PT (15)=VECTOR/ -3.9724,
BT (16)=VECTOR/ ~&4.,0157,
$4

$5 PATCH NO.

5% .

P8 [ 1}= POQINT/ 12.25
pa ( 2}= POINT/ 12.6C
P8 { 3)=VECTOR/ «6910,
P8 ( 4}l=VECTOR/ 0. ]
P8 ( 5)= PCINT/ 0. '
P8 { 6)= POINT/ O. '
P8 ( 7)=VECTOR/ O '
Pa { 8)=VECTOR/ 0. ’
Pe ( 9)=VECTOR/ C. ’
PR (101=VECTOR/ 0. '
P (1l1)=veCTOR/ 0. ’
PR (12)=VECTOR/ Ge '
PB (L3)=VECTOR/ =-23.,1280,
PH (14)=VECTUR/ -25.7000,
P8 (15)=VECTOR/ -3,4052,
P8 (16)=VECTOR/ -+ 7733,
1

%5 PATCH NO. 9

5%

P9 { 1)= POINT/ 12.6C ,
P9 ( 2= PGINT/ 12.60 ,
P9 ( 3)=VECTCR/ 0. '
P9 { 4)=VECTOR/ 0. '
P9 { 5}= POINT/ De v
P9 { 6)= POINT/ 0. '
P3 { T}=VECTOR/ 0. ’
P9 { 8)¥=VECTOR/ 0. ’
P9 { 9)=VECTOR/ 0. ’
P9 {10)=VECTQOR/ 0. ’
P9 (11)=VECTOR/ 0. '
P9 (12)=VvECTQR/ C. '
P9 (13)=VECTOR/ -25,2 ’
P9 (14)=VECTOR/ -21.9744,
P9 (19)=VECTUR/ =2.27T71,
P9 (16)=VECTOR/ b.6244,
$s

L33 PATCH NO. 10

1 %

P1O0{ 11= POINT/ 12.60
P10t 2)= POINT/ 11.65
P10( 3)=VECTOR/ 0. ’
P10{ &4)=VECTOR/ -1.90 ,
P1O( 5}= POINT/ O. ’

T.9701,
0.
0.
0.
0.
0.
0.
0.
0.

- W W W w wm W

8.75
16.00
6.7741
T.413
8.75
16,
6.7584,
B.0751,
0. [4
O.

0.

w w W W W -

o
-
- % W w W @ w»

16.00
55.00
ZIUSTQBD
39,9312,
16-00 14
55.00
23,7795,
54.7655'
0. ]
C.

0.

5500 L
67.50
12.40
12060 L
55.0 '

[=
*
- W W W - w =

-103411
-19.8560
-26.0355

-5-3609

'ﬁo‘Oﬁ?

0.
0.
0.
0.

0.
0.
O.
0.
-13.79
-15.1

-1.5612

‘101023
-26.0355
-3012

-5.3479

~2.8888

0.
0.
0.
0.

o.

0.

0.

0.
”1501
‘13035

-3.2459

6.9120
-30.20
-23,2824

-8.5068
13.8751

Q.

0.

0.

0.

0.
0.

0.
“13.35
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%
$s
L}
s
1 3]
L}
L3
$t
$s

$s
$s
s
33
$$
$%
$s
s
$s
£
s
s
s
$$
3
3%

$s
$$
s
$s
$$
$s
Y
$s
s
$$
$$
$3
$s
$s
$s
$s

$3
$s
$s
%
$$

FOLl
$D0C
SR10
TWOO
Twio
Sho
SU11L
Twol
TWl1

sP00C
SP10
F000
FD10
Se01
SP11
FOO1
FD11
sDo¢e
SnN1C
TW0O
TWiO
5001
SN11L
TWol
TW11

S5P0O
SP10
FDGQ
FD1C
SPO1l
SP11
FDOL
FDL1
5000
SD10
THOO
TW1G
SDol
5011
TWCl
TWll

SPQOO
$P1C
FDOO
FD1C
SPO1




POl &)= POINT/ C. y 67,5 y =1l1.65 $% SP11
PLO( 7)=VECTOR/ 0. ’ 169853, 2.1437 $$ FDO1
P10 BY=VECTOR/ O N T.9R25, 1.2038 $$ FDO11
PLIOC 9)=VECTOR/ N. » N vy —23.,2824 % SNOC
PLOCLO)=VECTQR/ 0. v 0. v =19.3024 $¢ SD1O
P1O111)=VECTOR/ 0. v O« ' 4,303% $% TW0O
PLOLL2)=VECTOR/ 0. ' 0. ’ 3.1481 $$ TWI1C
PLOIL3}=VELTOR/ =21.9744, O. ’ 0. $% 5001
P1O(14)Y=VECTOR/ <19.3024, Q. ' O 4% 5D11
P1O{15)=VECTUOR/ 2+0545, Q. ' O. $8 TWO1
P1OtL16=VECTOR/ 149944, 0. + D. £% TWll
$%
PRINT/OC
SSON  =SSURF/0DISPLYLON $$ TURNS DIAGNNOSTIC PRINT ON
NACF(B= SSURF/ PATCH, PNTVEC, 6y 3, PLUS, $

Pl ( ALL L PLUS, $

P2 aLL )y PLUS %

P3 ALL 1y PLUS, $

Pg  ( ALL ) PLUS, $

PSS  ( ALL ) PLUS, $

Pe | ALL 1, PLUS 3

P7T ALL ), PLUS, $

P8 {  ALL )y PLUS, $

P9 { ALL ). PLUS $

P10 § ALL )
PRINT/O

SSOFF =SSURF/DISPLY,OFF $% TURNS DIAGNOSTIC PRINT OFF
$$88% DEFINITION OF NACFIB $538$

$% : :

REFSYS / { IVERSX=MATRIX/ =14040.,0, 0!1!000' 09001'0 )

$s

NACFIB= SSURF/ PATCH, PNTVEC, 69y 3, PLUS, $
P10 ALL ), PLUS, $
p2 At L Yy PLUS, $
P3 ALL ) PLUS, $
P4 ( ALL Yy PLUS,
PS { ALL 1}, PLUS, 5
P ALL | PLUS, $
PT L ALL )y PLUS, $
Pe | ALL | I PLUS, $
P ALL Yo PLUS, ]
PLIC t  ALL )

REFSYS 7 NOMORE

PRINIZCG

$55%4 HBOUNDARY CHECK  MACRN £8%84%¢

BCK  =MACRO /CUTMOD=1,0=2,R=0,PS1,PS2,TLCK*ON,CKSTICKNDySTVEC,STPT, $

DELET= NO,y DS

TLAXIS/CUTMOD

CUTTER/ DR

FROM/STPT0y0.1

GO/ONyDS+PSLoON,CKST

INDIRV/ STVEC

GOF WD/ DSy TLCK, YOT75

PSIS /7 P52

JUMPTO / DELFT
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YES)
NG )

4
PPRINT
1 3
caLy /

caLr 7/

CALL 7/

5%
PPRINT
$%
caLL 7/

CALL 7/
CALL /

4
PPRINT
$s
CALL /

3
PPRINT
$%
CALL /

FINI

DELETF/ (N

GOFWD/ DS+ONSCKND
DELETE/ OFF
TERMAC

TEST 1 2IN CUTTER  EWD TO AFT  TLAXIS NURMPS

BCKy CUTMOD=NORMPS, PS1=NACFCR,PS2=NNCZ?0y CKST=Y64&, CKND=YT2,
STVEC=PYV, STPT=FWDPT, DS=DS1
B8CKy CUTMOD=NORMPS, PS1=NACFCB,PS2=NNCZQy CKST=Yb64, CKND=Y72,
STVEC=PYV, STPT=FWDPT, DS=DS2
BCK, CUTMOD=NORMPS, PS1=NACFCB,PS2=NNG20, CKST=Y64, CKND=Y72,
STVEC=PYV, STPT=FWDPT, DS=0S$3

TEST 2 10 IN BALL CUTTFR FWD TO AFT TLAXIS 1

BCKyN=104R=5,PS1=NACFOB,PS2=NNDZO,CKST=Y64,CKND=Y72,STVEC=PYV,
STPT=FWDPT, DS=DS1
BCKsN=104R=5,PS1=NACFOB,PS2=NNDZN,CKST=Y64,CKND=Y72,STVEC=PYV,
STPT=FWDPT, DS=DS2
BCKyN=10,R=5,PS1=NACFOB,PS2=ANOZ0,CKST=Y64,CKND=YT2,STVEC=PYV,
STPT=FWDPT, DS=0S3

SAME PASS WITH DELETF ON

ACKy D=10,R=5,PS1aNACFOB,PS2=NNDZ0,CKST=Y64,CKND=Y72sSTVEC=PYV,

STPT=FWOPT, DS=DS3, DELET=YES
SAME PASS AFT TO FWD W/ CELET QFF

BCK'D=10,R=5,PSl=NNUZD,PSZ=NACFOB;CKST=Y72.CKND=Y64,STVEC=MYV-
STPT= AFTPT, 0S=DS3
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3.5 HELIX Surface

PARTNO SSIP/SSX3A -TEST 5- HFLIX SURFACE (CHURB)
$$ PURPUSE - 1. DEFINE HELIX S.S. SURFACE

5% 2. DEMOCNSTRATE DISPLY/6

-3 3. DEMONSTRATE SECTN3/ LARGE CR SMALL

5% 4. TEST HFLIX AS PART SURFACE

5t 5. TESY HELIX AS NDRIVE SURFACE

$% 6. TEST GO STARTUP

B e e e e e
PPUNCH/3

MACHIN/GERDAC 21050,0FF

MULTAX/DN

CLPRNT

TLAXES/ZNORMPS

MAXOP/Z L2

TOLER/.0025

CANON/ON

SSPRNT=SSURF/DISPLY,ON
PTO=POINT/0,0,0

IVEC=VECTOR/0+0,1

$856%%  HELIX MACRO VARIABLES £6%%$

1 31
$% P= PITCH PER REVOLUTION NOYE- POZ P IS CCLW UP AND NEG P CCLW DWN
$s R= HELIEX RADIUS
$3 NREV= NUMBER OF REVOLUTIONS NCTE- MAX NUMBER IS 4
$s
L 33 QuUTPUT IS PCCIN) { PARAMETRIC CUBIC COEFFICIENT )
$%
$s
RESFRV/ PCL+256 $% MAX NUMBFR REVOLUTIONS 4
DEFHLX = MACRO/ Py, Ry NREV
' A=0
8=0
C=1
PP=Q
QP=P/4
H=QP

SD1B=4uR®,41421356
SO1H={P/(2#R%3,141592654) 125018

1a) PCCI{B+1)=POINT/0,0, (PP+(H=-QP))
PCCIB+2)=PDINT/ (RaCCSF(A)) {ReSINFIA)),{PP+{H=QP})
PCCIB+3)=VECTOR/(RaCOSF(A}) ,(RaSINFLA)),O
PCL(B+4)}=VECTOR/ (R#COSF(A}) ,{ReSINF(A}),D
PCLIB+S)=POINT/0404(PP+H)
PCC{B+6)=POINT/ (R#COSFLA+90) }y(ReSINF{A+90)),(PP+H)
PCC(R+T)=VECTOR/(R#COSF{A+90)),{ReSINF{A+90)),0
PCC(B+B)=VECTOR/ [ReCOSF{A+90) )4 (ReSINF{A+90)),0
PCLIB+9 )=VECTOR/0,0,RP
PCLCIR+10Y=VECTOR/Z(SD1IBwCOSF(A+90) ), (SD1BaSINF(A+90) ) SD1H
PCC{B+11)aVECTOR/ISDLRACNSF(A490) ), [SD1ReSINFIA49C) ), {SD1H=QP)
PCCIB+12)=VFCTOR/(SD1IReCOSF{A+90) ), (SND1B#SINFLA+90)),(SD1H-QP)
PCC{IB+13)=VECTOR/0,0,0P
PCLCIB+L14)=sVECTOR/Z(SOLAR®COSF(ALRB0) )y ISOIR=SINFIA+LAN))y SDIH
PCC(R+15)=VFCTOR/(SDLAReCNSF{A+LBO) ), (SDL1BeSINFIA+L1BO0) ), {SULH-UP)
PCCIR+16)Y=VECTOR/ISNIARSCNASF(A+L1A0) ), (SCLRaSINF(A+1B0)),{SOD1H-QP}
AzA+90
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A=f+16A
H=H+(P
IF{360-A}2A,2A,1A
2A) A=Q
H=QP
C=C+1
PPz=PP+P
IFINREV-C)I3A,1A,1A
3A) TERMAC
CALL/DEFHLX, P=4, R=1C,NREV=?2
HELIX=SSURF/PATCHPNTVECy24 9y $
PLUSy PCCH ly THRU,L16 )y § a0 DEG
PLUSy PCCU 17y THRU,32 ), $ 180 CEG
PLUS, PCCL 33, THRU,48 ), ¢ 270 DEG
PLUS, PCCC 49, THRU+64 Y, $ 360 DEG
PLUS, BCCIL 65y THRULBO ), % 450 DEG
PLUSy PCCE Bly THRU496 ),y & 540 DEG
PLUSy PCCHL 97y THRU,112), $ 630 CEG
PLUS, PCCI(113, THRU,128) $¢ 720 BEG
PENUP,OGNTCUT
LOOPST
A=1
LAY GOCTO/ Ay Oy Oy Os=-a5+1
INODIRV/C+1.0
CUT,PENDWN
PSIS/HELIX
GOFWN/{CYLNDR/PTQ+ZVEC,A)y (PLANE/N4Cy1l,8)
PENUPDNTCUT
A=A+]
IFL 9=-A) 2A,1A,1A
ZA)  LOGPND
PSIS/ZHELIX
DESPLYZE
CUY 4 PENDWN
GUTA/ 11y =29 29 140,40
GO/ (PLANE/Z 04041,0),1CONE/(POINT/040,1C)y (VECTOR/Cy0,-11,40),HELIX
INDIRY / 041,0
SECTN3/LARGE $% SEC 3 WILL OUTPUT LARGE PRINT FORMAT
GOFAD/ HELLIX, {PLANE 70,0,1,8)
SECTN3/SMALL $% SEC3 wWILL QUTPUT SMALL PRINT FORMAT
GUBACK/ HELIX,(PLANE/G,0,1,0)
PENUP
PRINT/3.ALL
FINT
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3.6 SSURF/REVOLV CLOCK Test

PARTNO  SSIP/SSX3A -TEST 6- SSURF / REVOLV CLOCK TEST {CHUBG)
$4 PURPOSE - 1, TEST CLOCK DIRECTION

$$ 2. TEST ANGULAR SEGMENT

s

B o e e e e e m e ——— -

SSON  =SSURF/ZDISPLY,ON

Pl = PUINT/ 042,40

P2 = POINT/ 444,40

P3 = POINT/ 3,3,0

TC = SCURV/ CURSEGy Pl, P2, P3

VI = VECTCR/ 1,040

P4 = POINT/ 0,0,0

PS5 = POINT/ B,0,0

S1A= SSURF/ REVCLV, TCy XAXIS, P&,V1lse CLW, g, 7C
S1 = SSURF/REVOLV, TC, XAXIS, P&4,P5, CLWse Oy 70 $% SAMF AS S1ta
S2 = SSURF/REVOLV, TC, XAXIS, P4,P5, CLW, 80,250
S3 = S5SURF/REVOLV, TC, XAXIS, P4,PS, CLW;350,10
$4 = SSURF/REVOLVY, TC, XAXIS, P4,P5, CLW,-10,10
S5 = SSURF/REVOLVe TCy XAXIS, P4y,PS,CCLW.170,C

S6 = SSURF/REVOLY, TL, XAXIS, P&4,P5,CCLW,250,80
ST = SSURF/REVOLVs TCy XAXISy P4,PS,CCLW, 10,435C
S8 = SSURF/REVOLV, TC, XAXISy P4,P5,CCLW, 10,-1C
S9 = SSURF/REVOLV,y TC, XAXISy P4,P5,CCLW, 05190
FINI
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3.7 SCURV/SPLINE Weight and Limits

PARTNU SSIP/SSX3A -TFST 7- SCURV/SPLINE WEIGHT AND LIMITS (CHUBR)
$%  PURPOSE - 1. TEST WEIGHT

13! 2, TEST LIMITS

1)

P PSPPSR S PP S SRS
PARTNO TEST  WEIGHT 2 CHURER

OUM=SSURF/DISPLY,,ON

PC = PUINT/ 0,0,0

P? = POINT/ 4y 2+45 0

P3 = POINT/ €y 3.3 v O

P4 = POINT/ 12 3,75 4 O

PhH = POINT/ 16, 4 ’ C

Pe = POINY/Z 20, 4,15 » O

P7 = POINT/ 24, 4.5 ' 0

P8 = POINT/ 28, 5.1 y O

V1 = VECTOR/ 140,40

TCl= SCURV/ SPLINF, WEIGHT, Oy LIMIT, .0S, Ply WEIGHT, 1, $

P2, P3, P4y P5, Pby PT7, P8y WEIGHT,1

TC2= SCURV/ SPLINF, Pl, P2yWFRIGHT,0,LIMIT,.C5,
P3I,WEIGHT ;0+LIMIT,L.C5,
PL,WEIGHT 04 LIMIT,.C5,
PSsWEIGHT y0oLIMIT .05,
POYWEIGHT 40 LIMIT,.C5,
PTyWETIGHT 40 LIMIT,.C5,
P8

TSl= SSURF/ REVOLV , TCls XAXIS, POy V1, CLW, 0,70

TS2= SSURF/ REVOLY , TC2, XAXIS, PO, V1, CLW, G.,7C

FINI

L O
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3.8 BSSURF/MESH,XYZ Weight and Limits

PARTND SSIP/SSX3A -TEST B- SSURF/MESH,XY! WEIGHT AND LIMITS (CHUBEH)
$% PURPOSE - 1. TESY WEIGHT

1 3 7+ TESTY LIMITS

1 3

P m e e e =

SS50ON  =5SURF/DISPLY,0ON

Pl = PCGINT/ Q. ' 0. ' 0.

Pz = POINT/ 4, ’ Q. ’ 1.45

P3 = POINT/ B. ] 0. Y 2+3

P4 = PUINT/ 12. ' 0. ’ 2.75

P5 = POINT/ 16. ' 0. ' 3.

P& = POINT/ O. ' 4, v 1.45

PT = POINT/ 4. ’ 4. ' 3.

PE = POINT/ 8. r 4., r 3.8

P9 = POINT/ 12. ’ 4. ' 4415

Pl10= POINT/ 6. » 4a ' 4.2

Pll= POINT/ O ’ B. ' l.

pPl2= POINT/ 4. ' 8. ’ 3.15

Pl3= PUINT/ B. ’ 8. ’ 4.3

Pls= POINT/ 12, ' a. ' 4,8

P15= POINT/ 16. ' a, ' Se

TS =S5S5URF/ MESH, XY1 r %
SPLINE, Pl, P2y P33, WFIGHT, 0Oy P&, PS5, ]
SPLINE, P&y, P77, WEIGHT, .05, PBy P9, P1G, $

SPLINE, Pll, P12, P13,WEIGHT,0, LIMIT,.005,P14,P15
FINT
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