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1.Introduction

This report covers the basis of the design process. This includes the manufacturing and assembly,
the reliability, and the economics of the design. The purpose of this design is to produce a working,

reliable prototype using the synthetic aperture radar concept for homeland security.
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2.Design for Manufacturing

2.1 Structure Design

The design for manufacturing started with a very extensive 3D modeling process to allow the team
to assemble the structure and horn holders with minimal issues. The team utilized multiple
manufacturing processes and sources to accomplish our assembly. To begin, the team ordered all
of the parts for the structure from an 80-20 aluminum supplier. The beams for the structure were
pre-cut to fit the dimensions determined by our 3D model. The structure was built by first building
the bottom frame without the caster wheels, then adding the middle brace, followed by the
horizontal brace, support braces, and diagonal braces. The assembly of the structure only took
approximately 5 hours, which was slightly shorter than anticipated. There are many components
to the structural design. The reasoning for this is to provide our team with the maximum amount
of flexibility and adjustability with the structure. Where a commercial product would most likely
have less components, this design allows for the team to be able to make changes on the fly to
complete our goal.

Figure 1: Structure Design
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2.2 Horn Holder Design
As with the structure, the horn holder design was completed first using 3D modeling. The horn
holder components were made out of .25 inch aluminum plates that were water jetted to the shapes
indicated by the 3D model. The pieces were then tapped and threaded to fit the determined
fasteners. The fastening process included thumb and flat-head screws as well as lock and star
washers. The assembly process can be seen in the exploded view in Figure 2. The design for the
horn holders was altered over time to include more components and fasteners. The reasoning for
this was to allow for flexibility as well as save time in the machine shop. Instead of having parts
welded together and rick misalignment, it was decided to add fasteners to the back to have control

over the assembly time and alignment.

Figure 2: Horn Holder Design Assembly
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3.Design for Reliability

3.1 1-Dimensional Model
The primary concern is that the horizontal bar will deflect downwards, and that the top half
of the vertical bar causes deflection due to its unsupported nature. The signal processing done to
the received signal requires the structure to be very rigid, as any deflection of the structure would
cause the received signal to be processed off of its true phase, causing significant error.

In order to produce some preliminary values for the analysis, the 3D model will be
simplified to a 1D model. Since the longest unsupported span is on the top half of the structure,
this will be analyzed. It will be represented as a cantilevered beam, analyzed using the Euler-
Bernoulli beam theory. The transverse deflection of the beam is governed by the fourth-order

differential equation:

d (EI i) +cw=qx) for 0<x<L (1)

w
dx? dx?

At the very top of the beam, a 100 pound force will be applied on the top of the beam along the

weak axis of the cross section.
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Figure 3: 1-Dimensional model stress
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Figure 4: von Mises Stress for vertical bar

The area of primary interest is the bottom portion of the structure. Stress concentrations
could develop in the bottom few inches because that is where it is physically clamped to the bottom
surface. In the 0 to 5 inch range, there is a spike in the stress where the bracket attaches to the
structure. The curve shown indicates that the mesh should be refined due to the drastic changes in

slope. This region will receive further attention in subsequent analysis.

3.2 3-Dimensional Model
The full design will be testing using a 3D model. The forces applied will be the 100 pounds on
the top vertical bar (same as 1D), as well as 100 pounds on each of the top of the rear supports
going downwards, and 100 pounds in the downward direction on each of the horizontal arms that
are in-plane with the radar array.
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Figure 5: 3D FEM Analysis Loading

The arrows along each surface indicates a 100 pound distributed load. A combined loading for
400 pounds in the vertical, and 100 pounds in the horizontal.

The maximum stress obtained was 7.5 ksi. In regards to the design of the project, this was very
optimal considering the maximum allowable stress of the material is 60 ksi. The stress values for

the computer analysis is also shown on Error! Reference source not found..
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Figure 6: Stress values along vertical beam
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Figure 7: FEM Analysis

The important difference between the 1D and 3D analysis is that the maximum stress is
significantly less (7.5 ksi instead of 21.8 ksi) because there were additional supports added to the
model. Instead of the center vertical beam having to support all of the load, the other in-plane bars

and rear support bars share the load. Another difference about the analysis shown in Error!

10
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Reference source not found. is that the mesh was greatly refined. There are 146 data points along
the line selected to be plotted in Error! Reference source not found., and 110 in Error!
Reference source not found.. Considering that this is examining a line within a 3 dimensional

structure, the number of meshes increase exponentially.

The data obtained from the analysis was very predictable. The comparison between the
computational model and the theoretical model revealed that the values for the computational
model had higher stress. Ideally, the stress analysis would have relatively the same values for the
maximum stress. The max von Mises stress is 21.8 ksi in 1D, and 7.5 ksi in 3D.
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Figure 8: Comparison of values obtained from different methods

3.3 Error and Convergence

An understanding of finite element analysis must be applied to any results obtained from
software. Although a computer is a useful tool, it does not have an inherent understanding of the
concepts involved. Results must undergo a “sanity check.” Because all of the results shown in
Error! Reference source not found. are very similar, it is unlikely that one method of analysis
introduced an extraordinary amount of error. When the computational analysis was conducted, it
was specified in the application that the convergence should reach within 3% at the final iterations.
Additionally, the analysis was done using a 6 degree polynomial. Although a higher degree does

11
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not always mean a better result, often it does — especially in complex geometries or loadings.
Because the results were consistent, and the safety factor used was very high, any small errors are

acceptable for this application.

3.4 Summary
Because the motivation of this research was to offer insight into a creating a product for a
senior design project, the success of the report is measured by whether it offers useful information.
In all versions of the analysis, the stress on the structure is well within acceptable bounds. Not only
is the calculated stress low, the forces applied to produce that stress were above anything the
structure would normally experience. Also final structure has more support than the tested 3D
model, thus there is not expected issues. The minimum design has been verified to be able to

endure any stresses applied.

12
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4.Design for Economics

SAR Imager

The project was sponsored with $5,000 dollars to complete the mechanical team’s objectives. Thus

far we have been able to complete our designs using $3,940. The breakdown of the costs is in

Figure 9 below. Compared to other high end homeland security metal detectors, out design cost is

very comparable. The graphic comparison is in Figure 10.
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Figure 10: Comparison of competitive homeland security devices
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Figure 9: Mechanical team cost breakdown

Homeland Security
Metal Detector Comparison
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5.Conclusion

This second generation design process has refined what was accomplished last year by allowing
for flexibility to achieve results. The structure is much more lightweight and the manufacturing
process has been much more punctual. The design has also been analyzed using the 3D model
stress tests and deemed to be reliable. The project will also be completed with excess money left
over and at a cost that should produce a product that is competitive on the market. He next order

of business is to assemble the electrical equipment and test the functionality.

14
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