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Abstract

The objective of this project is to design and manufactur@gparatus to hold LEDs at
precise angles. The apparatus will be used with a camera to take pictures of an object inside of
the device. The apparatus is meant to be used in conjunction with software that will interpret
and compile images taken by the camearad produce a @limensional model of the surface of
the object. CAD and CAM software were used extensively to model each individual part of the
assembly. The final design consists of ten pieces that form a dome. This psajgended to
be continuedby future groups in order to develop the electrical components and the computer

software needed to interpret the images and produce the model.
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1. Introduction

Objective

The objedive of this project is to design and manufacture the structure of a polynomial
texture mapping (PTM) device. This dessgouldposition, orient, and fixture lights in a
predetermined patternplock out light, and secerand position the camera. The deviskeould
also set the angle of the specimen being measured by means of a car door mirror adjustor stage
and joystick. The assembly is also designed to fit over a microscope stage which can adjust the
specimen in the XY plane. Tabléldstrates abasicdecomposition detailing the most

important design aspects.

Functional Requirements Design Parameters

FR: Provide the structure for PTM DR: PTM structure
measurement

FR: Position the lights DR: Light fixturing arc position
FR: Orient the lights DR: Orientation of the holes
FR: Hold the lights DR;: LED holder interface (flat)
FR: Fixture the camera DR;: Gantry

FR: Remove ambient light DR: Opaque Structure

Tablel: Decomposition

In the case of this design, design parameter onegjidfulfilled by ten arshaped pieces which
have seven flat planes. On each flat plane is a drilled clearance hole to which the LED holders
will be fixtured. Each LED holder is oriented to shine light towdrelgenter of the dome that

is formed by the ten arc&igure 1 éplaysa drawing illustrating the shape of the unit arc with
some important dimensionsSpecifics on how this design was developed will be explained in
the Iterationssection(Section 5pf this report.
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11.25 deg. between holes
@ 7 holes total
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Straight Design
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A

SCALE: 112 WEIGHT: SHEET 1 OF 1
Figurel: Flat Surface Polygon Design

Background

PTM devices employ software which interprets the data presented by digital
photographs. The software reviews each pixel of the image and determines the brightelst
on the photograph. From the location of the pixel and the light which was active when the
picture was taken, it determines the angle of the pixel by representing the pixel as a plane.
Compile enough of these planes together and the software willdde #@ develop a textured
surface according to the angle of each pixel plane. This is the basis of polynomial texture
mapping. It requires only light sources of varying and predictable angles and a digital camera in

order to properly map a specimen.
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Rationale

This device is meant to produce three dimensional images of a specimen with the intent
of studying its surface metrology. Itasprototypal device sinckow accurately the device will
be able to record details on the surface metrology depends orrékelution of the

photographs taken and the number of lights (which is 70 in this case).

State of the Art

HP labs has done extensive work with PTNleey have come up with several successful
prototypes of differing designs. Two of the most popular desagesa dome design, as will be
exhibited in this paper, and a moving arc design. Vdr@usdomedesigns consigif lights at
different angles with respect to the specimen and a camera which takes successive
photographs as each light is activated. The mg\arc desige movein a way to mimic a dome

andare often used for mapping larger specimeisgure 2 depicthese two designs.

Figure2: (a) PTMAcquisitionDome; (b) PTMAcquisitionArc
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[Photo: M. Dellepiane, M. Corsini, Kallieri, R. Scopignbligh Quality PTM Acquisition: Reflection
Transformation Imaging for Large Objedts Proc. of International Symposium of Virtual Reality, Archeology
and Cultural Heritage (VAST 2006pW2006, Cyprus.]

Several problems aewith the PTM acquisition argthe repeatability as a function of
accuracy and precision of the motors which revolve the arc may result in a position error
which causeserrors in successive readings of various specimewsn if the arc is manually
positioned, it would be difficult to get any repeatability because of reliance on tripods to

position both camera and the arc of lights.
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Approach

The design being detailed within this report will advance the stditthe-art becauseof
its precision manufacturing ants suitable size for mappg microscopic surface$he dome
will be 12 inches in diameter on the insjdamaller than the current dome PTM acquisition
device models being usell is intended for students of future pregts to design software to

work in conjunction with this apparatus.
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2. Design Decomposition and Constraints

FR states that the design should provide the structure for PTM measurement. This
functional requirement is fulfilled by Rthe PTM structure. Té structure in this case consists
of 10 unit arcs which are fixtudgo a ring. This ring rests on a platform with clearance holes for
the bolts used for fixturing the arcs to the ring. This platform also has a surface which will
position and orient the dme to lie over the center of the observation ring. The arcs need to
providea means to position and orient the light.

It was said previously that R fulfilled by the unit arc with seven holes drilled into flat
surfaces. The flat surfaces at varyinglas also fulfilFR and FR. Each surface serves to
position the light at a certain distance and angle with respect to the middle of the dome. The
different surfaces are all normal directionto the center of the dome, so the LEDs and their
holders will also be oriented to be shining light towards the center of the ddiniecritical that
this angle towards the center of the dome be as close to zero as possible so that larger
specimens wilieside within the viewing angle of the LEIe next several pages show details
of each piece of the assembly with an explanation of functional requirements of each.
These pieces include:

1 Base ring (Figure 3)
1 Positioning Plate (Figure 4)
1 Corner Supports {§ure 5)

1 Front Brace (Figure 6)
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1 Positioning Corner (Figurg 7

1 Raised BaséAssembly (Figure)8
1 Top Ring (Figure)9

1 Unit Arc (Figure 10)

1 LED Holder (Figure 11)

1 Final Assembly (Figure)12

1 Final Assembly Exmled (Figure 18

Note: 1/4-20 bolts were used tassemble all the pieces together. Thusly, clearance

~ A

K2t Sa INB aAl SR G2 0SS O0ft2asS FTA4 yR YSI ad
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10-basering

Figure3: Base Ring

Figure depicts the base ring onto which all of the unitsare fixture to. Theing holds
them swch that the angle of each ligid normal to the center of the dome. This ring, or a
variation of the ring, was consistent throughout the iterations sione design criterion was to
ensure all lights were pointin the center of the domeAll aher base rings which fixtured the
unit pieces were hexagonal in shape, representing six pidtes.ring has 10 sides. The
clearance holes on the ring must line up with the clearance holes both on the positioning plate
as well as on the unit arcs themsges. The spacing must also be the same since the line on

which these clearance holes lie are critical to lining the lights with the center of the dome.
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Positioning Plate

Figure4: Positioning Plate
The positioning plate contains the same radius opening for specimen viewing as the

base ring. The clearance holes are nearly a quarter inch largimmeterthan those on the

base ring in order to accommodate the heads of the bolts that will be usettaohathe unit

arcs to the base ring. These clearance holes allow for the base ring and attached unit arcs to be
lifted as one piece should it be needed to reposition and/or seamek positionthe specimen

within. The two sets of holes at the bottom ofelpositioning plate allow the attachment of

positioning pieces to ensure that the base ring and arcs assembly are always in the same
Page |14



position and orientation with respect to the base structure to allow for repeatability from

different mappingsessionsThefour holes in each corner of the positioning plate allow for

attachment to the pieces that will raise the pladed entire assemblgbout four inches above

ground level. Thesefour inches will allow for clearance of adjustment devjcsch as
adjustablestagesg A 1 K g KA OK (GKS ALISOAYSyQa LRaArAdAzy | YR
mapping.Towards the bottom of the positioning plate are two sets of two holes which are

aligned perpendicularly with the center of the hole. These holes allow for attatimeng

positioning corner pieces, shown in Fig. 7 which will position the base ring and arcs over the

positioning plate.
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Figure5: Corner Support Hollow

The corner supports are hollow because they are attached to the assembgon
outside. This was done to allow for as much room underneath the positioning plate as possible.
The corner supports attach the positioning plate with the back raised support and the side

raised supportsThey will be secured using2@ bolts and accompgying nut and washer. The

method of attaching the corner supports is clear in Fig. 8.

Page |16



Front Hollow Bracket

Figure6: Front Hollow Bracket
This two sided bracket only needs to support the positioning plate and the side raised

supports. The front ofhe assembly is left open to allow for manipulation of the microscope
stage and the joysticknitially, thiswas done with the intenbf using a heavy, dark|oth sheet
to block out light.Snce the assembly will be placed within a light proof box, dfpiening will

allow far better access to the specimen and the adjustable stages.
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Positioning Corner

Figure7: Positioning Corner
This piece of the assembly will orient the base ring and ten unit arcs on over the

positioning place. There are twoeces that are designed to be fastened to the positioning
plate. They are at the same angles as the ten sided polygon that forms the perimeter of the
base ring. Without this piece, it would be difficult to position the free moving base ring over the

positioning plate because of the large clearance holes that allow room for the bolt heads.
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Raised Base Back

i l’\lﬁ q

Bottom Surface to top of Positioning Plate 4.25

Raised Base Assembly

Figure8: Raised Base Assembly
The raised base is necessary in order to have some room for the specimen to rest. The

clearancetothetopoi KS LR aAGA2yAy3 LI FTGS A& ndupéd 2 AGK
controlled stage which will rotate the piece in the XY plane, and a microscope stage, which will
translate in the XY plane. The distance in the Z direction can be controlled l®yspache

surface. The entire assembly will be shown with both exploded and assembled views to

illustrate how everything fits tagther inFigures 12 & 13.
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Top Ring

A Figure9: Top Iging R R A
¢CKS G(G2L3 NAy3AQa TFdzy Ol A 2ofthelaies. Ifiig plaSed at dadBp LINE LIS

of the dome and straightens the pieces. It rests on top of the pieces, but it could also be
FraagSySR G2 Ittt GKS LASOSa o6& Iy I RKSaa@gS 2NJ
HE G2 |tf2¢ RaReNcldakvew OF khapéeivien béirty mappe&hould the unit

arcs become crooked or bent for any reason, the top ring will ensure the alignment of all the

pieces.
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FigurelQ: Unit Arc- Straight Design

This piece is the fal iteration of the structure which will hold, position, and orient the
lights. As was explained briefly before, each clearance hole lies on its own angled plane which is
normal to the center ofthe¢ KS K2t S& I NB nopoé Ay°fieml YSGISNID ¢
horizontal, the second hole is 16.87&om horizontal, and each hole is 11.2f6om the hole
next to it. All angles are with respect to the center of the arc. Since the radius of the arc
changes because of the polygon shape, the radius variesgrdmpt ¢ G2 cé d ¢KS Aya
which the lights resisp @1 ¢ FNRY GKS I NO OSYuUSNE YR GKS A
from the arc center. Towards the outside (in the case of the drawing, the left side) of the arc
unit is a straight protrusiomwith holes on the top surfac&he bottomsurfaceof this protrusion

is mean to be fixtured to the base ring
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LED Holder

Figurell: LED Holder
The LED holder is a store bought pieced designed to hold and orient a 10mm LED. It is

designed to be mounted onfat surface lessthaf.3¢ G KA O]l o6& | ydzi YR gl
Al Aa GKNBFRSR YR Aa oyé¢ Ay RAilbe8xduGND patel K Hy
to the unit arc. In all, there will be 70 LEDs and holders on the apparatus and they will all be

pointed towards the center ofiie dome (Details on the LED may be found in the Appendix)

Shown below is the picture provided by thedributer.

The LED holder is plastic (ABS) with a chrome color on it.

Included with it are a washer, nut, and plastic piece with which

to prevent the LED from falling out of it.

[Photo: (UniqueLEDs.corStock code L-CO, Product ID 1807)]
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Top Ring

Unit Arc (X1 O)\

Positioning Plate

Positioning Plate

Assembly-10
Raised Base Side (x2)
SEE |DWG. NO. REV
A
SCALE: 1:10 WEIGHT: SHEET 1 OF 1

Figurel2: Assembly

In the above figure, all pieces of the assembly are labeled. The bolts holding each unit
arc down are not shown, but they are inserted from the bottom and secured with a washer and
nut on the top. The entire apparatus measures about 10.9 inches talljridghBs wide
(excluding bolts) and 19.25 inches long. SolidWorks calculates that the assembly, excluding
bolts and lights, will weigh3.72 pounds and take up 141.24 cubic inches. This calculation

assumes every part is made of 6061 aluminum alloy (Dendityom/in®).
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The most challenging task of designing an assembly was to ensure that all the clearance
holes lined up properlyJsing SolidWorks, this was a matter of positioning the pieces and then
allowing for reference geometries outside of the singlet jeeing edited. Another important
matter was using the circular pattern feature. Instead of having to make holes at various angles
with respect to a central poindn the unit ar¢ the central point could be referenced and the
number of holes and angleetween each hole could be specified in order to make a pattern

and not extrude cut each individual hole.
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Assembly Exploded

Figurel3: Assembly Exploded

This image best captes how everything fits togetherExcluding nuts and bolts and
other fasteners, there are 22 pieces in the entire assembly. These include:

10 Unit Arc pieces

2 Raised Base Side pieces

2 Positioning Corner pieces

2 Hollow Corner Bracket pieces
2 Front Brace pieces

1 Raised Base Back piece

1 Positioning Plate piece

1 Base R piece

1 Top Ring piece

=4 =4 8 -4 -8 -9 -9 _2 -9
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Below is a table listing the minimum stock sizes required for each piece to be machined.

6061 T6 Aluminum stock was used to machine all parts.

Piece Name Stock Piece Min. Dimensions (inches)
Unit Arc 1.59x8.76x0.75 (x10)

Base Ring 15.84x15.07x0.25 (x1)

Base Plate 16x19x0.25 (x1)

Corner Hollow 2X2x2 (x2)

Front Brace 2x2x1 (x2)

Positioning Corner

3x0.5x0.25 (x2)

Raised Base Side

16x4x0.25 (x2)

Raised Base Back

19x4x0.25 (1)

Top Ring

2.7x2.7x0.5

Table2: Stock Dimensions

All measurements were done in SolidWorks assuming the stock pieces would be

NBEOGFyYy3dz N 9F OK aARS 2F (GUKS NBOGIy3ItsS Axa

following figureshows how the dimensions of the stock material were determined. The same

method was applied to all pieces of the assembly.

Page |26

g A



Figurel4: Stock Material Dimensiong&xample

All piecesarel PEp &1 Ppné s ndTpédI MPnnéx 2N Honné (K,
common stock used since it is used for the supporting structure of the apparbtrghe most
part, the surface finish of the machined pieces will not matter. For some of the d#rations
where the triangular pieces needed to fit flush together in order to block out light, a rough
surface may not have been acceptable since esranlldisparities could have let light through.
Since there is no longer any need for the structure lack out light, the sides of the unit arc
piece need only to have holes in the appropriate locations and not have to have a specified

surface finish for the proper fit.
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3. Physical Integration

There are several design parameters that are dependent onrs{eeupled) as well as
design parameters that are independent of others (uncoupled). Below is a table showing these

relationships

DP A B C D E F G H | J K
A X

B X X

C X X X

D X X

E X

F X

G X X

H X

I X

J X

K X X

Table3: Design Matrix

Design Parameters

A. PTM Structure

B. Light Fixturing Arc Position

C. Orientation of Holes

D. LED Holder Interface

E. GantryHoldCameraDecoupled)

F. Opaque StructureBlock lightDecoupled)
G. Camera Line of Sight

H. Orientation of Specimgiecoupled)
|. Position of Specimg(ecoupled)

J Support Structure for Apparatus

K. Clearance for Specimen

Page |28



There are several parametettsat are dependent on others. For instance, the
orientation, positioning, and LED holder interface are dependent upon the PTM structure, or
the arcs, because the holes are located on the arcs themselves. The clearance for the specimen
is dependent on theupport structure. The position and orientation of the specimen, the
positioning of the camera, and the opaque structure to block light are decoupled from the
system because they can be considered their own separate systems. The positioning and
orientation of the specimen will be done by a microscope stage and an adjustable car door
mirror stage, respectively. The positioning of the camera wippdrdormedby a gantry holding
the camera. The light blocking structure will be fulfilled by a light proof &sxpposed to the

PTM structure in previous iterations)

Alternatives
There are some alternate designs in which some of the decoupled items found in the
final designs are coupled. Some examples include
1 Coupling the camera fixturing to the PTM structurBnf@nating the need for the gantry)
1 Coupling the light blocking with the PTM structure (eliminating the need for the light
proof box)
There are some problems with having various design parameters coupled with other design

parameters As per axiom one of Bf. Chrisopher! ® . NHemghtd af Axiomatic Design

Maximize independence of the functional elements.
This is another way of keeping a design simple. Keeping the number of design elements that are

coupled to a minimum will help to maximize timglependence.
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In terms of different designs to hold the LEDs, there are several that were discovered
but later discarded due to cost, various difficulties, or infeasibilities. One of these designs was
02 LIzNOKF &S Fy | fdzYAydzy LIALIS )add tofmarudysdrilh vy SNJ R
the holes in which the LEDs will fit into. The problem with this design was the high cost of such
a large sized aluminum pipe and the precision needed to drill the holes at the correct heights
and angles. The correct angle is neededrder to point the LEDs to the center of the pipe.
Another problem with the pipe design is that the LEDs will get further and further away from
the specimen being mapped as the angle increases with respect to horizontal. This was the
same problem exp@&enced with the plate iteration shown in Fig. 15. The cost of such an
aluminum pipe 12 SCH 40 (12.75 OD X .375 wdllminum Structural Pipe) was about $520
for a two foot sectiorexcluding shipping from Metals Depot (metalsdepot.com)

Although this degin would have been structurally steadgd heavy enough to dampen any

vibrations, thehigh cost and difficulties in manufacturing eliminated it from any further work.
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4. Prototype Production

The prototype production consists of machining all thetpahownusing a CNC
machineand bolting them together using 3d ¢  #2&bplts. The 70 LEDs will then need to be
fastened down to the arc units using the provided washers and nuts that come with each of the
LED holdersThe only things that will not bmachined in this prototype are items that will be
purchasedthe LEDs, the LED holders, and the nuts and bolts that will keep the assembly
together.Future use of the device may require use of an adjustable stage to adjust the
specimenAn appropriatesetup involving cameras, light controller, and software is not

available to test the prototype.
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5. Iterations

One of the most important aspects of engineering design is building upon and improving
past iterations. The first step of designing anythintpidecide exactly what the device needs to
do. In the case of designing a PTM acquisition device, it was clear that there needed to be a way
of positioning and orienting lights in a predictable and predetermined manner. The PTM device
needed to have someay of giving a camera a view of the specimen being mapped. The PTM
device also needed to have some kind of structure to hold the light sources in place in order to
have consistency from reading to reading.

Having the LEDs positioning in a spherical pategound a central positiois an
intuitive thing to do. If the LEDs were at varying positions from the central point then it would
be necessary to control the brightness such that all LEDs proemieal illuminative poweto
the specimenFigure 15 depmitsone design where the LEDs weresat1(, 15° X ¥5° from

horizontal

Plate holes ROUND

bW, HO

s
A

Figurel5: Plate Iteration
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The LEDs in this desigrere at varying distances from a central point. The holes,
however, were consistent with angles of a section of a cifidie. figure below shows how this
wasdonet KS NJ RAdza 2F GKS | Ridmténext libelhigdesigh,ykB S| OK
the other triangular designs that will follow, can be made out of one plate of aluminum if it has
GKS O2NNBOiG RA vdDiameteof cutting tool/ShgFE EPHopcEd | YR GKS |
pieces are cut with the triangular piecsgggeredn order tomaximize the amount of material

used in the piece being cut.

12.50
°
==

36.00

Figurel6: Maximizing Space on Stock Material

One thing to take into account when measuring the stock material required for an
operation like this is the size of tlwaitting tool. This size must be added using the dimensions
2T (KS (G22f RAOGARSR o6& GKS Fy3aftsS 2F GKS Odzio

ofthecutis4sc = (G KSy GKS

[N

>
Py
C

A
P
P
(0p))
X«

A Y. InitHsSas&i® NA T 2 v
GKA&S 6S g2dZ R ySSR (2 FTRR TODPTME Orwibthabcé T nwm
the cutting tool.

The figure on the next page details how the positions of the holes on a flat plate can be

analogous to a curved surface with holes at ceramgles.
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Figurel?: Line and Arc Equivalences

The importan thing to notice from Figure 1i8 thateach line intersects both the
straight line and the 90curvedarc.The outer curve is used to guide the direction of the line
using the angle of line with respect to horizontal and the center of theTdris shows the basis
for having a plate design to hold the LEDs. The downside to this design is the difficulties in
fixturing each plate together or to a base. Shown in Fig@&s bne such design for fixturing

the plates.
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Figurel8: Assembly Plates

There are six total plates in assembly here attached by brackets. The angle from one
plate to another is 138.8. It wasthoughtthat that a 135 angle bracketould beopened more
to accommodate the angle from plate to plate, but the 1BBackets were usually used in
wood working. Another problem with this design was the fact that the sides of the plate
needed to be machined to be angled in order to get the proper alignment for each plate to fit

up against the plate nexttoit. Theplated 2y f & ndupé GKAO1TZ a2z 3ASGHA

be difficult.

Page |35



® 0066000

g

UNLESS OTHERWISE SPECIFIED: NAME DATE

ccccccc TILE:

Rounded inside

ccccccccc

PROPRIETARY AND CONFIDENTIAL
THE INFORMATION G ONTAINED IN THE

DRAWING 5 THE S OLE PROPERTY OF SEE DWG. NO. REV
<INSERT C OMPANY NAME HERE> . ANY
REPRODUCTION IN 7. oL FINEH

WITHOUT THE WRITEN PERMESION OF HEXTASSY; 1BED.ON

<INSERT G OMPANY NAME HERE> §

ooooooooo APPLICATION DO NOTSCALE DRAWING SCALE: 1:5 WEIGHT: SHEET 1 OF 1
3 4 3 2 1

Figurel9: Rounded Insidélent Piece

This thick and heavy design was the result of wanting a heavier piece in order to block
out light and to be mee resistamto any vibrations. At first, it was a thicker version of the
previous iteration (the plate) with the inside curved out, but it was much easier to use the
revolve pattern feature within SolidWorks to create the holes. The depth of the holes varies
from .20 ¢ { Atiswa pracérser to the spherical cut inside. It is differeatn the spherical
cut tent piecebecause the inside surface is cylindricallyfcom the side which leaves more
material and keeps the unit heaviddisadvantages of this desigre the machining

complexities and the high stock aluminum cost.
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Figure20: Spherical Cut Tent Piece

This design builds upon the cylindrically cut tent piece. The inside of the tent piece is
spherically cut. The name tent piece comes about from the shape that the final assembly takes
a hexagonal pyramid, or tent shapkccording to SolidWorks, it weighbout 5.26 Ibs when
machined out of a 6061 aluminum alloy. This design iteramires use of the @ axis within
a CNC machine, thus complicating the fabrication. The reason for the need of a special device is
brought about by the fact that each of thwlesholding an LE this design is at a different
angle The tent piece would have needed special fixturing as a result of the need fo" tveigt
machine.This piece brought about the entire assembly for the final design, that is, it has the
raisedbase, the base ring which connects all the tent pieces, the positioning plate which has

clearance holes for the base ring, and positioning corner pieces which help to position the base
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ring over the positioning plate. The assembly was finalized usingdhasion of the basic arc.
Shownbelow (Fig.21) is the assembled spherical cut tent piece with its support pietks,
notice in Fig. 2that around each hold on the inside of the piece is a flat surface onto which the

LED holder will be fastened to.
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Figure21: Spherical Cut Tent Assembly

From this CAD drawing, one can clearly see the similarities in the base dé¢mgame
features are found on this assembly ag fimal design, except for the opg. Thetop ring was
not necessary for this design because the sides of the tent pieces were machined to fit flush

against one another in order to block light out.
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Cut-Revolved

Figure22: Flat Surfaces

This is a head on view of the inside of the spherical cutpecte. The circles highlighted
in orange are the perimeter of the flat surfacesto which the LED holder will be fixtured to.
This design would also need threaded holes into which the LED holders, which is threaded on
the outside, toallow for the LED dider to attach to the tent pieceThe holes on this particular
LIASOS @I NE Ay RSTHa kasdhKaBthve chmdye fooi thé &lindrigally cubtent
piece is because this design includes the small circular planes onto which the LEDs mount as
well as the curvature of the sphere instead of the curvature of a cylirkigure 23hows a
mock LED Hder fixtured in the hole. Note the clearance for the LED holder given by the flat

plane around the hole.
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Figure23: Fixtured LED Holder

The LED holder hasitside threads of size 1428 (1/2 inch diameter by 28 threads per
inch). Not only is this a strange sized thread pitch, but it is above the fine pitch normally
F34a20AF0SR 6A0K | MkHEé GKNBIFIR® hyS LINRBo6fSY
obvious problem of having the wires from the LED being twisted as you scnemscrew the
LED. Also, because some of the holes extend more than 2 inches into the piece, the contact of
the wire leads to the sides of the piece becomes a problarthe final design, this problem is
overcome by use of the nut and washer that com#éwhe LED holder and the fact that the
LED leads are exposed to open air where they can be protected by the accompanied bottom
fitting. At a price of $0.14 each, the LED holders can be easily and inexpensively replaced should

they break.
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The iterationgn which the base ring and positioning plate were first designed were only
fixturing six tent pieces, and therefore only had six sidé® figures that follow {§ures 2326)

will illustrate this along with explanations as to how each design was braloghit.

UNLESS OTHERWISE SPECIFIED: NAME DATE

DRAWN

TMLE:

i END ¢ ENG APPR .
base ring
WA TEERL SEE DWG. NO. REV
PROHIBTED APPLCATION DO NOT SCALE DRAWING SCALE: 1:55 WEIGHT: SHEET 1 OF 1
5 4 3 2 1

Figure24: Iteration of Base Ring

The base ring is the most important piece, besides the tent piece, in the past iterations.
The base ring positioned, oriented, and fixtured each of the tent pieces. It followed the ehape
the bottoms of each tent piece so it was relatively easy to design. The hole positions which
allow the tent pieces to be fixtured to the base ring were directly cut from the dimensions on

the bottoms of the tent pieces, as will be illustrated in Fig24e
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Figure25: Origin of the Base Ring

This figure best shows exactly how thase ring was designed. It has the same
dimensions as the bottom plane of the assembled tent pieces. This CAD drawing also shows
how the holes onhe bottom are positionedwith respect to the corner of the tent piece

Figure 26on the next page depicts how the positioning plate was designed.
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Figure26: Detailed View of the Positioning Plate

Figure 25 depicts how the pisning plate was formed. It is just large enough to
accommodate the base ring. Notice how the positioning corner pieces (the small rectangular
pieces towards the bottom) position the base ring over the positioning plte.fact that the
base ring anddnt piece assembly can be freely moved brought the need to have the
positioning corner pieces in order to properly align the base ring with the positioning plage.
pillars protruding from the base ring are the bolts which fixture the tent pieces td#se ring.
The holes on the bottom of the tent pieces are tapped (20) in order to fasten the tent
pieces to the base ring. This particular method of fixturing the tent pieces to a base ring as
opposed to fixturing the pieces to one another was chosen becaudeqgiroblems faced with
the plate iteration (shown in Figure 17). Fig@@on the next page illustrate the clearance

holes on the positioning plate whighakeroom for the heads of the bolts.
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Extrudel of Positioning Plate<1>

Figure27: Clearance Holes on Positilmg Plate

The bottom plane in this figure is the bottom of the positioning plate. Here you can see
that the positioning plate only accommodates the bolts holding down the tent pieldas
designdecision was made in order to be able to lift the tentexably off of the positioning

plateto make iteasier to irsert the specimen to be mapped.
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Figure28: Iteration- Solid Block Bracket
Figure 27 shows one design for keeping the raised base support. It is a block of

S

aluminumofd YSy aA2ya Hé E HE E Héd | 2dz Oy ass

[N

any interference by the tapped holes. The bolts pass through clearance holes on the raised
supports and fasten into the solid blackhis iteration did not make it to the findésign

because it was decided to make as much room as possible under the structure. Also, there
would have been two separate designs to hold the two corners in place. A similar design braced

the front end of the structure with two holes instead of thre¢ 8 2 F RAYSYy airzy a
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Figure29: Hollow Corner Bracket

This is the final corner bracket design. It is a redesign of the solid block design shown in
Figure 27. It is hollowed out and placed on the outside cornetiseo§upport structure in order
to maximize room on the inside. It is secured to the base usingQtreaded bolts and nuts.
/I £t SINFryOS K2fSa INBE RAYSYaAz2ySR (2 ®dupTé o/ f 2

drawing above (Fig 28)

Page |46



