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The Proposed Probléﬁ*‘ﬂ

A Boelng 787
| composite tape
I must be laid flat
I no wrinkles, creases

8= R Laying each strip along

a geodesic minimizes
creasing and wrinkling

A Need an algorithm that can
ald in the process of finding
geodesics along the combined
surfaces that make up a
fuselage



Overview

| AFoundational work

AThe main algorithm

Y AA few test runs
=8 A Challenges and improvements

e T

AConclusions




Getting Acquainted with
Geodesics

| AHow we got started:

I Reviewed previous work from CGU Boeing
Clinic Team 07 -08

I Performed literature review
I Reviewed topics in differential geometry

iAEvol utiono algorithm
follow
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ADi jkstraods Al gorithm
I Limited to points and edges on the mesh

A Fast Marching Method and Level Set Method
I Difficult to program and run

AModi fied Dijkstrads Al go luiekah
I Does not take the :
curvature of the surface
Into account
I Can only be used on
meshed surfaces

| Selected File Mame:
bunmy.off

[~ Compile before Execution
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Jo6 1) = Toy Problem: A Cylinder ¥

A Our first simple
Introduction to shortest
paths and geodesics

», i Compute shortest paths
i i analytically using

iz, distance formulas

i I :

\\_}/ I Gives us a reference for

methods developed later



Our New Method

curve toward the geodesic

A Achieved by computing numerical
properties of the curve and moving
marker points along the curve In
proportion to the geodesic curvature
vector




_The Evolution Algorithm i—ﬁﬁ

A leen some 3- D surface parameterlzed by HEE represented
by the equation:

the initial point I and the end point I, connect the
two points in 2-dimensional space with B, some smooth initial
curve. (Many times, a straight line between the points is the
easiest.) T m—
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=\ ¢ I8 3
TV} = . : S
f(x ﬁ) dx = The Evolution Algorithm &%
b - y —
\ Discretize the smooth curve B, paramete
arclength, into N points such that [l refers to the |l
point in the list of points and map these points onto the

surface.

Curee in ¥-¥-2 Plane: Initial Condition

Curve in L-Y Plane: Initial Condition
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A Calculate arclength at each point in the R plane and
on the 3-D surface.



A In 3-dimensional space, calculate the normal B to
the surface at every point on the curve.

UrweE | -l Flanes. Initial S andit
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) in 3-dimensional space, calculate the
/ature vector:




A From the previous steps, calculate the
geodesic curvature at every point.

A Geodesic occurs when: b (5) = 0
A Stopplng Crlterlon Curveiin Y- Plaris: Initial Condition
i Check sum of squares
of 2-norm. Ifitis larger
than some tolerance, take . |
a evolution step.

" 1/2 |
(Z kg(si)2> = €tol = 0 1
i=1




___The Evolution Algorithm .—%ﬁW

A Compute the tangent vector to the curve at each point

A Calculate a Sigﬂ@d scalar Curve in X-Y-Z Plane: Initial Condition
guantity at each point that
represents a velocity with iy &
which each point will move *7 /&

A At every point along the ;|
curve in the mmm plane
calculate a local normal do
to the curve g

154 & HiES——




A Move each point in the mm plane in the direction of the
normal vector to the curve and proportional to the
calculated VelOCity | Curve in UL Plane: Il Condifion




j(X”L)dV The Evolution Algorithm 55

A Repeat previous steps until the stopping

1/2
criterion ((Z kg (s ) = €0 ~ 0) IS satisfied:
1=1

Curvein X-¥-Z Plane:




Implementation

I Central Difference Method
A Calculates first derivatives quickly

- AXL AfR X AXR AfL
h AXL -+ AXR AXR AXL —+ AXR AXL

A Computes second derivatives with low
accuracy

I Cubic Spline Method

ANumerically calculates more accurate
second derivatives

Alncreases complexity of subroutine




Implementation

= A Time Integration:
A 4t Order Runga-Kutta:
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:g - A Time step needs to be chosen carefully




