STRI PW SE CONSTRUCTI ON OF 3D CURVED SURFACES Reference to Rel ated
Application [0001] This application clains the benefit of United
States provi- 5 sional patent application serial no. 60/945,653 filed
22 June 2007. Technical Field [0002] This discl osure concerns
construction of three dinensional (3D) curved surfaces using -

t wo- di nensi onal (2D) strips which can be 10 deforrred and aI | ned to
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[ 0003] 3D curved surfaces having parabol oi daI or ot her shapes are 15
used for various purposes, e.g. as non-planar mrrors, in
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probl ematic, potenti making such 20 techni ques prohibitively

expensi ve. Conparatively cost-effective construction of a 3D

structure app éhﬁﬁﬁ& PRIA sel ected 3D curved surface is disclosed
bel ow. Bri ef @scr‘l—pf[—r‘mrof Drawi ngs 25 [0004] Figure 1 schematically
depi cts a par @002i d. [Tidedisigure cansarheranstcatiion ofethires diracrsonals
of 2D strips ‘(§B§ clifved surfaces using two-dimensional (2D) strips which can be

10 deformed and aligned to yield a discrete approximation of the desired

3D surtface.

Background
[0603] 3D curved surfaces having paraboloidal or other shapes are

15  used for various purposes, ¢.g. as non-planar mirrors, in architectonics,
etc. 3D curved surfaces can be formed using manufacturing techniques
such as injection molding or water forming. However, maintéining or
applying a highly reflective mirror finish on the surface of a paraboloid
or other 3D curved surface can be problematic, potentially making such

20  techniques prohibitively expensive. Comparatively cost-effective
construction of a 3D structure approximating a selected 3D curved

surface is disclosed below.

Brief Description of Drawings
25 [0004] Figure 1 schematically depicts a paraboloid.

[0005] Figure 2 schematically depicts a series of 2D strips that can
be simply deformed and aligned adjacent one another to approximate a
3D curved surface.
[0006] Figure 3 schematically depicts a 3D approximation of a

30 paraboloidal surface formed of simply deformed, aligned 2D strips.
[0007] Figure 4 is an oblique isometric schematic illustration
showing the Figure 3 strips mounted on a support frame.
[0008] Figure 5 schematically depicts a prior art geodesic dome.



be sinply deformed and aligned adjacent one another to approxinate a
3D curved surface. [0006] Figure 3 schematically depicts a 3D

approxi mati on of a 30 parabol oi dal surface formed of sinply deforned,
aligned 2D strips. [0007] Figure 4 is an oblique isonmetric schematic
illustration showing the Figure 3 strips nounted on a support frane.

[ 0008] Figure 5 schematically depicts a prior art geodesic done. 2

[ 0009] Figure 6 schematically depicts‘é‘SD approxi mati on of a
spherical surface forned of sinply deformed, aligned 2D strips.
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el ements have not been shown or described in detail to avoid
unnecessarily obscuring the disclosure. Accordingly, the

speci ficati onpigrigfigy ngs are to be 10regarded in an illustrative,
rather than aresirictive, sense., [0011]It is useful tQ recal] that
the " Gaussdan [@0kBlat ur Fhrepghowdhafolawing descapiions FReIs sefails are
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at any poi nt e su ace a sphere, S curvat ein
di rections, sdischsuauis sameauslsaacw aveli kaown elements have not been

shown or described in detail to avoid unnecessarily obscuring the

disclosure. Accordingly, the specification and drawings are to be

10 regarded in an illustrative, rather than a restrictive, sense.
[0011] It is useful to recall that the “Gaussian curvature” of a
point on a curved surface is the product of the two principal curvatures
at that point. For example, at any point on the surface of a sphere,
there is curvature in two directions, so the Gaussian curvature of a

15  sphere is non-zero. A cylinder has curvature in only one direction, so
the Gaussian curvature of a cylinder is zero. A cone is another example
of a curved surface having zero Gaussian curvature. Many other
curved surfaces have zero Gaussian curvature.
[0012] The following disclosure pertains to the formation of a 3D

20  structure having a shape approximating that of a selected 3D curved
surface (e.g. a paraboloid) having non-zero Gaussian curvature over a
portion of the surface. As explained below, the structure may be
formed of a plurality of thin straight 2D strips each having zero Gaussi-
an curvature. The strips are simply deformed and aligned adjacent to

25 one another to approximate the selected 3D curved surface. “Simple
deformation” of a thin strip means that the Gaussian curvature of the
strip remains zero after deformation. “Straight” means that when the
strips are simply deformed to approximate the selected 3D curved
surface, the strips’ edges appear straight when the deformed strips are

30 viewed from a preferred viewing direction.



15 sphere is non-zero. A cylinder has curvature in only one
direction, so the Gaussian curvature of a cylinder is zero. A cone is
anot her exanple of a curved surface having zero Gaussi an curvature.
Many ot her curved surfaces have zero Gaussi an curvature. [0012] The
foll owi ng disclosure pertains to the formation of a 3D 20 structure
havi ng a shape approximating that of a selected 3D curved surface
(e.g. a parabol oid) having non-zero G3ussian curvature over a portion
of the surface. As explained below, the structure may be forned of a
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3D curved Shaﬁﬁ)l%ﬁ’pr OX'SnH tﬁpg%eabﬁ@ simply curved, each strip remains
flat in one direction. Consequently, the 3D curved shape approximation
15 formed by the simply deformed strips will have a plurality of flat facets,
with each strip forming one facet. The width of each strip 10 should be

sufficiently small that placement of the flat strips adjacent one another
approximates the desired curved surface shape sufficiently well that the
angular error associated with the discrete, flat strip size is less than a
20 maximum error. For example, consider the situation in which a para-
bolic surface is approximated by a small number of wide strips, e.g. the
extreme case in which only two wide strips are used. The 3D curved
shape approximation formed by the two wide strips will clearly deviate
substantially from the ideal parabolic curve being approximated, result-
25 ing in a large angular error. In contrast, a larger number of narrower
strips will more accurately approximate the ideal parabolic curve,
resulting in a small angular error. More generally, if the desired
curved surface shape is a paraboloid to be used as a mirror, the maxi-
mum error will depend on the desired optical efficiency of the system in
30  which the mirror is to be incorporated. Suitable results (i.e. an angular



[ 0015] Since the strips are only sinply curved, each strip remains
flat in one direction. Consequently, the 3D curved shape

approxi mation 15 forned by the sinply defornmed strips will have a
plurality of flat facets, with each strip form ng one facet. The

wi dth of each strip 10 should be sufficiently small that placenent of
the flat strips adjacent one anot her approxi mtes the desired curved
surface shape sufficiently well t hat “the angul ar error associ ated
with the discrete, flat strip size is less than a 20 maxi nrum error.
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of strips by decreasing the strip width increases the number of gaps or

seams between adjacent strips. Since the gaps or seams are substan-

20 tially non-reflective, the mean reflectance of a paraboloidal mirror
approximation formed of reflective strips decreases in proportion to the
strip width., Increasing the number of strips by decreasing their width 1s
also likely to increase costs by increasing the time and hence labour cost
required to fabricate, manipulate, mount and bond the strips as ex-

25 plained below.

[0018] The length of each strip should be much greater than (e.g.
more than 5 times) the width of the strip, so that the strip will provide a
good approximation of the desired 3D curved surface when the strip is
simply deformed. The thickness of each strip should be very substan-

30 tially less than the length or width of the strip such that each strip can

be simply deformed into the desired shape. For example, strips of 0.5



15 a parabol oi d approxi mati on usi ng such strips nay be inpractical in
view of the need to fabricate, manipul ate, nount and bond a
relatively large nunber of strips as explai ned bel ow. Moreover,

i ncreasing the nunber of strips by decreasing the strip width

i ncreases the nunber of gaps or seans between adjacent strips. Since
the gaps or seans are substan- 20 tially non-reflective, the nean
refl ectance of a parabol oidal mrror “approxi mation forned of
reflective strips decreases in proportion to the strlp wi dt h.
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desired 3D sh .
using standard geometrical techniques. For example, in the case of the

15 paraboloid approximating strips shown in Figures 2—4, optics tech-
niques commonly used in lens design can be used to calculate the shape
of each strip, and the calculation results can be confirmed by computer
ray trace simulations. An arrangement of somewhat parallel lines,
separated by distances selected (o define suitable strip widths as de-

20 scribed above, is then mathematically projected from a predetermined
perspective onto a theoretically “perfect” mathematical model of the
desired 3D curved surface. The projected lines describe curved lines on
the surface which correspond to the edges of the strips required to
approximate desired 3D curved surface. The projected lines need not

25  be parallel, but this may be preferred for example to simplify mathe-
matical determination of the desired shape of the strips, or to attain a
more aesthetically desirable appearance.

[0021] A paraboloidal or other 3D curved surface can thus be
construcied using sheet material that can easily be cut to the correct

30 shape using well known water jet or die cutting techniques. As shown
in Figure 4, strips 10 can be mounted on a suitable support frame 12



whi ch each strip will be sinply deforned when the strip is used to
approximate part of the selected 3D curved surface) can be determ ned
usi ng standard geonetrical techniques. For exanple, in the case of

t he 15 parabol oi d approxi mating strips shown in Figures 2-4, optics
techni ques commonly used in | ens design can be used to calculate the
shape of each strip, and the calculation results can be confirmed by
conputer ray trace sinulations. An arﬁangenent of sonewhat parall el

| i nes, separated by distances selected to define suitable strip
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when they are nounted on and attac to ribs 14. Strips 10 shoul d be
sufficiently BhRegItpes&! the senply deigmad pigaed slrepsesnn Ye Ao us to
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to ribs 14 (i semeiconghoaiah B@r@z&ygobewﬁpmsmms b8 cap bebaitiadkyeand
15 temporarily held in place on frame 12 with tape until the desired simple
deformation and edge alignment of the strips is attained, then silicone
sealant can be used to more permanently bond the strips to frame 12.
[0022] The simply deformed, aligned strips can be attached to
rigid support frame 12 at selected mounting points such that natural
20  equilibrium deformation between the mounting points holds the simply
deformed, aligned strips in a desired approximation of the selected 3D
curved surface.
10023] Other 3D shape approximations, such as architectonic
shapes suitable for building construction can be formed. For example,
25  the selected 3D curved surface may approximate a spherical, hemi-
spherical or semi-spherical surface. Geodesic domes have been used to
approximate such spherical surfaces in architectonic applications.
Geodesic domes are typically formed by interconnecting a plurality of
triangular-shaped members (¢.g. as shown in Figure 5) or by intercon-
30  necting other suitably shaped members. As shown in Figure 6, a series
of 2D strips 16 can be simply deformed and aligned to more accurately



10 strips should not sag or otherw se depart fromtheir desired
curvature where they extend across gaps between ribs 14). Adjacent
edges of adjacent ones of the sinply defornmed aligned strips can be
bonded t oget her using tape, silicone sealant, rivets, or other
simlar neans or sone conbination thereof. For exanple, strips 10 can
be initially and 15 tenporarily held in place on frame 12 with tape
until the desired sinple deformati on and edge alignnment of the strips
is attained, then silicone sealant can be used to nore pernmanently
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true spirit and scope.



10 aesthetically appealing in sone situations. [0024] Wile a nunber

of exenplary aspects and enbodi ments have been di scussed above, those
of skill in the art will recognize certain nodifications,

pernut ati ons, additions and sub-conbi nations thereof. It is therefore
i ntended that the foI | owi ng appended-84 ai ns and 15 cl ai ns hereafter

i nt roducagﬁlgre I, nt oreted to include all such nodifications,

per nut at i ls%&iﬁ’re ns and sub-combinations as are within their true
spirit and scope, -8- Wiat is clainmed is: 1. A three-di nensional
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8. A three-dimensional siructure as defined in claim 5, wherein: the strips are formed of a
reflective material; each strip has a predetermined flat shape such that, after alignment of
the simply deformed strips, adjacent edges of adjacent strips are substantially parallel and
separated by a substantially small gap; and the selected three-dimensional curved surface
has a light concentrating shape.
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14. A three-dimensional structure as defined in claim 1, wherein: the strips are formed of
a reflective material; adjacent edges of adjacent ones of the aligned simply deformed
strips are bonded together; and the selected three-dimensional curved surface has a light
concentrating shape.

15. A three-dimensional structure as defined in claim 1, wherein: the strips are formed of
a reflective material; the aligned simply deformed strips are attached to a rigid support at
selected mounting points such that natural equilibrium deformation between the
mounting points holds the aligned simply deformed strips in a desired approximation of
the selected three-dimensional curved surface; and the selected three-dimensional curved
surface has a light concentrating shape.



