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Abstract

This paper veviews the graphical tools available for checking the
quality of CAD/CAM (Computer Aided Design / Manufacture) surface
models (B-Spline form). It is possible to use these methods by design
and manufacture engineers to visually assess the quality of sculptured
surfaces and perform the too! path of CAM system. This paper
highlights the role of 3D surface curvature analysis in the field of
CAD/CAM of sculptured sarfaces.
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Introductien:

Sculptured surfaces in CAD/CAM
are typically defined by a vector-
valued parametric equation of the
form
riuwh={x(uwhyiuwlz(uw)] for
G<u, wsl.

This definition can be used to
gencrate sequence of points and
normals that are used to define
numerically controlled (NC) tool
cutter paths to drive an NC
milling machine. Thus with
CAD/CAM the capability exists
of matching the computer-based
definition and the production tool
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to machining tolerances. This has
resulted in the need to create high-
quality surface definitions. Small
surface imperfections can have

large consequences !
downstream the surface
manufacturing.

Curvature analysis has

applications in modeling as well
as in manufacturing. In general,
the surface should  exhibit
continuity of position, tangent
vector and curvature. 1t should
also be free of extrancous bumps
or wiggles; a quality directly
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related to unwanted inflection
points.(1)

A surface inflection occurs at a
point where the surface crosses its
tangent plane. There are several
different measures of a surface
curvature and while each can be
useful, no single type of curvature
detects all possible surface
anomalies. Thus, it is often
necessary to calculate several
types of surface curvature to
obtain an accurale impression of
the surface's behavior.

Standard Procedures:

Al any given point on a
parametric surface, 1.e. a surface
of the form r=r(u,w), it is pessible
to calculate a unit norinal vector,
fig.(1). (2)

nluw)={r"xr")/ {1

r"xr"'lt

where !r”xr‘i & 7¢ro

¥ = partial derivative of (r) with
respect 1o (i),

r" = partia! derivative of (r) with
respect to {w).

If a plane containing the nosmal is
rotated about the normal, the
intersections of this plane with the
surface resull in an infinite
number of section curves each of
which could have a different value
for the curvature at the point.
There are two  mumally
perpendicular locations of the
normal plane where the curvature
is a maximum and a minimum,
These curvatures wvalues are
defined to be(2):
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&' (1, w) * "(u, w)

(@' (u,w))*

curvature =

(2)

where: &'(w,w)= firsi derivative
of the surface.

&"(u,w)= second derivative of
the surface.
The maximum principal curvature
s

K )i K e = Ao

and the minimum principal
curvature is

(K mind K = e

Similarly, the maximum radius of
curvature is

(A mu)d-,n, = ,!’;--_n 1

and the minimum radius of
curvature is l:?'-‘min):

Awia = Yo+ while R represents
tool radius.

The Guaussian, average and
absolute curvatures are defined as:
G=Caussian curvanure=Komin
and H=Average (Mean) curvature

= %{Km +K . ). and Absolute

curvature = |K_ 1+|K .| .

Primary curvature is defined as
curvature in the direction of
constant (u), while secondary
curvature is defined as curvature
in the direction of constant (w).
Ko + Kaw ar¢ Principal
curvatures at a given point.

Curvature Displaying:

Methods of displaying curvature
include (3) normal vectors,
contour lines and color. Normmal
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vectors can indicate the surface
curvature by a length proportional
to the radius of curvature. Contour
lines include reference plane and a
series of egually spaced planes
parallel to it. The intersection of
these planes with the surface
results in planar curves on the
surface, These curves can aid in
determining the surface features,
¢.g. saddle points appear as passes
and maxima and minima appear
as encircled. Displaying curvature
variation as color variation is used
as a scale in which the minimum
curvature value corresponds to
one end of the color spectrum and
the maximum curvature value 1o
the other end of the spectrum,
with a linear distribution in
between. Color change represents
u percent change in curvaiure, i.e,
4 logarithmic color scale.(4)

Curvature Distribution:

Figure (2) represents a maodsl
constructed  using  B-spline
formulation. The curvature values
of the surface shown in Fig.(3)
which represents 3D curvature
distribution of the taken surface.
The normal to a surface at a point
is the direction perpendicular to it.
The surface normals are based on
a bicubic fit of data in XVZ space
(5). For cach vertex, diagonal
vectors are computed and crossed
to form the normal. Surface
normals are local information
about surface, so they vary with u-
w position. Surface characteriza-
tion by using normal veclors to
find a suitable segmentation and
generate a CAD reconstruction, is

B46

An Approach To 31 Surface Curvature
Analysis

shown in Fig.(4). Normal plot
represents a specified number of
quills representing the normals on
the surface. The normal quill plot
is a valuable tool in detecting a
surface's shape profile changes, as
shown in Fig.(5).

Figs.(6) to (8) show the curvature
distribution  using  Gaussian
Curvature, Mean Curvawre and
Absolute Curvature respectively.
All figures in this paper generated
using  Matlab  programming
language based on the formulas
described in section 2 in this

paper.
Curvature Role in Manufac-
turing:

Surface curvature plays a key role
in selecting a culting size to avoid
gauging in CAM system. Tool
size can be selected from the
critical  curvature.  Minimum
curvature radius equals largest
tool radius, Fig.(9) represents
contour map of tool radius
distribution mapped on the
surface model, (for this surface,
the calculation maximum {ool
radius to machine surface is equal
o 10). Curvature analysis
provides guidance for an NC
programming in choosing cutter
dimensions for gauge-free milling
of free form surfaces.

A surface trichotomy is a partition
of a surface into three types of
regions: convex, concave and
saddle shapes. The ability of
trichotomize sculpiured surfaces
into these regions is essential to
the use of ball nose end cutters in
milling free form surfaces. Also,
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regions with small curvature can
be accurately milled faster with
larger ball end cutters, Too!
changes should be minimized
because they are time-consuming
operations, Such minimization
cen be achieved by subdividing
the surface imte regions with
different curvature bounds, each
of which mav be milled using
tools appropriate to that region.
Using the trichotomy operator,
convex regions within  surfaces
can be detected and milled in
more efficient way and with a
better finish.

Results and Discussion:

From the curvature distribution of
taken surface, each region may
carry the following property,
which may help to evaluate
surface profile:

l. If the region has a saddle
shape, then one of the
principal  curvatures s
positive and the other is
negative.

U the region is convex
both principal curvatures
are negative.

If the region is concave
both principal curvatures
are positive.

If the surface is a saddle at
(#v}, then principal curvatures
have different signs 5o the
magnitude of mean curvature is
not a useful measure of such a
bound. In the extreme condition
when the surface is minimal,
mean curvature =0 regardless of
the surface angularity. The
magnitude of Gaussian curvature
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can also be ineffective. Therefore,
neither curvature nor average
curvature by itseif can provide
sufficient shape information for
subdivision and/or efficient NC
applications. Gaussian and mean
curvatures are, in general, better
than  absolute  curvature in
detecting small regions of uneven
curvature. Radius of curvature can
be used to perform tool radius
map, Fig(9), of the surface by
calculating the maximum radius
of the tool that can be used to
machine the surface. This is an
{mportant tool for determining
whether the surface can be offset
by a particular radius, or for
determining the maximum radius
by which the surface can be
offset.

Conclusions:

It has been observed that all taken
methods of curvature analysis can
be used to visually quality
confirmation of the sculptured
surface, Local surface curvature is
used to bound the size of the
undetected possible error.
Graphical display of curvature
values can be useful to indicate
error cutting areas which require
maodification of the machining
program, beside the calculation of
the value of cutter size required
for machining,
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Fig. (1): Unit normal vector to the surface.
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Fig.(2): Sample surface model.
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Fig.(3): Surface curvature plot.
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Fig.(4): Surface normal plot.

Fig.(3): Normal plot as guills,
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Fig.(6): Gaussian Curvature as contour map.

Fig.(7): Mean Curvature as contour map,
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Fig.(9). Contour map of tool radius distribution.
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