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Abstract

The Air Force Research Laboratory Munitions Directorate at Eglin Air Force Base does thorough
material testing for their products. A major material test they utilize is the torsion test. Their current
machine is very large and is ineffective when testing small specimens. They have a need for a smaller,
tabletop torsion tester that can generate up to 250Nm of applied torque and stay within a budget of
$2000. A smaller machine will produce much more accurate measurements when testing small
specimens. After receiving all of the needs and constraints from the Air Force sponsor, multiple
potential designs for the machine were created. Each component of the machine was analyzed
separately in order to ensure the overall optimum design is chosen. The final design utilizes a DC motor
with controller to generate the torque. Detailed CAD drawings for each part have been made and have
undergone FEA in order to ensure quality. The parts and potential vendors are in the process of being
finalized so final purchase orders can be made. After the parts are received, any necessary machining
will be done and assembly of the machine will begin. A program will also be used to output the applied
load on the specimen.
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I. Introduction

A. Project Overview

Material testing is an essential part of designing new and improved products. Knowing how a
material acts under certain conditions allows engineers to create an optimal design. The Air Force Research
Laboratory (AFRL) Munitions Directorate at Eglin AFB is currently testing materials to use with their
products. These products range from warheads to the frame of a fighter jet. In order to ensure optimal
performance and user safety, many material tests are performed. The current torsion machine at Eglin AFB
is very large and is only effective when testing large specimens. They have a need for smaller, tabletop torsion
testing machine. A smaller machine will lead to more accurate data when testing small specimens. These
small specimens are used in order to test materials that are similar to the geometry of the product in the field.
The data that will be gathered from the new machine will more accurately characterize the materials and how
they react under certain conditions. This will result in more accurate models and simulations used by the
AFRL.

In general, there are 4 major components of a torsion machine. These components include load
generation, load application, load measurement and housing. Additionally, the Air Force sponsor has
requested that the free end of the specimen has 1 degree of freedom in the axial direction. A DC motor and
controller will be used in order to generate the load required to twist the specimens, which will be held in
place using 6-jaw chucks. A strain rosette will be placed on the transmitting shaft in order to output the
applied load on the specimen. Finally, the housing will be made out of aluminum and will utilize a 2 rail ball
bearing guide in order to allow the free end to have 1 degree of freedom in the axial direction.

B. Background

The Eglin Air Force Base’s Munitions Directorate has done extensive research in the field of testing
mechanical properties of materials commonly used in projectiles. They are interested in how different
materials react under different loads to simulate different scenarios of diverse mediums that the munitions
will be fired at. This being said, the group is constrained to the size of the specimens that they can generate.
The reason for limited plate thickness is not a matter of cost, however it is a matter of geometry. When the
Munitions Directorate is fabricating components of the munitions they use raw stock that is as close to final
shape as possible to conserve waste material. In order to properly characterize the materials that ends up in a
product they have to test similar geometry in order the get accurate results. A representation on how the
Directorate gets their samples is shown below in Figure 1. [1]

Original plate stock

Blank removed

Sample machined

Figure 1 Example of sample production from plate stock [1]

Since materials of interest are often in the form of thin sheets or plates, this makes the specimen that
is generated relatively small, having dimensions roughly the size of a human thumb. The exact dimensions
can be seen below in Table 1, and a drawing of the specimen can be found in Figure 2.
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Table 1. Specimen Dimensions

Dimension Measurement (mm)
Total Length 58.4
Gauge Length 12.7
Width 14.3
Inner Diameter 9.09
Fillet Radius 27.9
Hex Length 10.4

For most common torsion testing the specimen is roughly a foot long and roughly an inch in
diameter. But, due to the constraint of the thickness of the plate that they are machining the specimens from;
problems arise from using equipment that test more common (larger) sample sizes. These problems normally
come in the form of electrical noise in the signals they are receiving from the sensors they have testing. There
becomes a point at which the data has no meaning because the signal has been extrapolated beyond its limits,
or it is experiencing a low Signal-to- Noise ratio(SNR). [2]

Mean
3g 20 -1g Value 415 425 +30

A=

R27.9 |

Moise »
Signal

$10.62

?#9.09

,( a rms
143 Value

. . . 99.7% Probability Signal Will Be <= 6 X rms Value
Figure 2: Actual dimensions of the samples

given in millimeters. [1] Figure 3: Gaussian Distribution of Noise
Energy showing different standard deviations
in relation to the mean value. [3]

In its most simple form the signal to noise ratio can be defined as the rms (root-mean-square) value
of the voltage divided by the rms value of the noise. The higher this ratio is, the more accurate your results
will be. As seen above in Figure 3 below, noise energy can be expressed over the Gaussian Distribution of
Noise Energy. In this case o is the standard deviation of the Gaussian distribution and the rms value of the
noise voltage and current. In this example data it is clear to see that when the data falls close to +1¢ it is
going to be fairly close to the mean value, which in this case is the true value from the signal. For this given
data it will fall in 10 68% of the time. [3]

For material testing in the Munitions Directorate the accuracy of their data might be the difference
in penetrating the target, or causing catastrophic damage to the surroundings, so the noise in their data needs
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to be minimized in their signal. Eglin is currently using a testing machine that only exerts roughly 2% of its
total load capacity. This is due to the size and power of the machine that they are using to test the samples.
Running at such a low torque causes the machine to send out an extremely small signal. In turn to actually
understand, and see the signal the data has to be amplified, but since the data was taken from such a small
range of the machine’s ability; the data, once amplified, has a lot of noise.

To achieve a higher SNR Eglin has asked our group to design and build a much smaller, more
accurate machine. This machine would run at roughly 20 to 40% of its capacity yielding data that would have
much less noise associated with it the size and power of the machine. [1]

C. Constraints and Specifications

From the background information delivered by the sponsor, constraints have been created and put
on this project. The constraints are used to limit the design in order to make sure it complies with the sponsor’s
requirements. The constraints put on this project are:

Max load on specimen to Max axial load ratio must be 20% or above. (Currently ~ 2.3%)
Minimum of 50Nm axial loading by the machine

Budget - $2,000 (Not including the motor)

Max surface area of machine — 2ft x 3ft

Must do monotonic (one direction), and cyclic (2 direction) Free-End Torsion Loading

Free end has one degree of freedom (axial direction due to contraction/expansion of specimen)
Must be compatible with the DIC

Additionally, design specifications have been created by the team and sponsor. These specifications
cover the measurable design and engineering features of the final machine. The design specifications desired
by the sponsor include:

Max surface area of machine — 2ft x 3ft

Minimum of 50Nm axial loading by the machine

Max load on specimen to Max axial load ratio must be 20% or above. (Currently ~ 2.3%)
Must be able to be moved by human (Max weight ~ 50Ibs)

Must have minimum strain rate of 1.5 degrees/s

Furthermore, performance specifications have been created. These are expectations of the performance
of the torsion machine during use. The performance specifications put forth by the sponsor are:

Must be compatible with the DIC

Must have digital or analog applied stress/force output
Must be able to input desired cyclic displacement
Lowest signal to noise ratio as possible

The success of this project will be based on how well the final design abides by the constraints and
specifications placed on it. It is expected that not every aspect will be perfect but as long as the machine is
able to deliver acceptable results as decided by the sponsor, it will be successful. From these constraints and
specifications, the following Needs Statement was developed:

“Design a more effective way of testing small specimens in free end torsion.”

I1. Design and Analysis
A. Function Analysis

Figures 4 and 5 show the functional analysis for the tabletop torsion machine. Figure 4 breaks down
each major component and explains the purpose for each part. Figure 4 starts with the 5 general aspects of
the table top torsion device. Moving from left to right, the Figure gets more specific by showing what was
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chosen and its purpose. Figure 5 shows a very basic breakdown between the mechanical and electrical aspects
of the project as well as shows the general flow of the machine.

DC MOTOR USEDTO
APPLY LOAD. APPLIED
DC MOTOR LOAD AMPLIFIED BY
ATTACHED GEAR SET TO
OUTPUT AT LEAST 60 Nm.

LOAD GENERATION

SELF-ALIGNING 6-
JAW CHUCK TO
HOLD SPECIMEN.

6-JAW CHUCKS ABILITY TO HOLD

CIRCULAR & HEX
SHAPED GRIPS.

LOAD APPLICATION

LINEAR RAIL WITH
FRICTION BALL BEARINGS/

LINEAR MOTION REDUCTION LINEAR RAIL WITH

ROLLER BEARINGS.

HOUSING MATERIAL WILL
STEEL HOUSING WITHSTAND ANY
AND FRAME STRESSES APPLIEDTO IT.
IT WILL KEEP ALL
COMPONENTS IN PLACE.

A 4

STRAIN ROSSETTE USED TO
MEASURE STRAIN IN ORDER TO
STRAIN ROSETTE » GET APPLIED LOAD. DIC USED
TO MEASURE SPECIMEN

DISPLACEMENT.

A 4

LOAD MEASUREMENT

OUTPUT OF APPLIED

LOAD. ALLOWS
USER INTERFACE DIFFERENT MOTOR

OUTPUTS.

A 4

Figure 4 Functional Analysis of Mechanical and Electrical Components
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TORSION TESTER

I » LINEAR MOTION
LOAD _‘ LOAD
HOUSING >
GENERATION » MEASUREMENT/
OUTPUT

LOAD
APPLICATION

\ A

ELETRICAL/
COMPUTING

MECHANICAL
Figure 5 Flow chart depicting relationship of torsion tester systems

B. Design Overview

In this section, the components chosen for each part of the design: load generation, load application,
load measurement, linear motion, and housing will be discussed. Each category had multiple potential options
that were considered, and after utilizing a decision matrix approach, the most effective component for each
category was selected.

B.1 Load Generation

For the tabletop torsion device that is being constructed, there were three main option that were
discussed as possible ways to generate the load. These options were: manual powered by a crank system, a
hydraulic motor and controllers, and a DC motor and controller. These three options were compared and after
a careful review of the benefits and limitations of each, the DC motor was determined to be optimal choice
for this build. A DC motor with some type of controller was deemed the most appropriate for this design
because of the repeatability, accuracy, and cost effectiveness when compared to the other two options. The
manual crank system would not be nearly as accurate or repeatable, which is one of the main criteria when
doing any type of laboratory work. This tester must be able to reproduce results to ensure that the data
collected is reliable. The hydraulic pump and motor system would be able to reach the accuracy and
repeatability of the DC motor system, but was ultimately not selected because it required too many parts
when compared to the DC motor and would require more maintenance and money. Moving forward, DC
motor and controller systems will be examined and compared to ensure that the best and most cost-effective
parts are selected.

B.2 Load Application

Three gripping mechanisms were examined for the torsion machine. These included a 3 tooth chuck,
4 tooth chuck, a vise grip, and a collet. It is important that a proper gripping mechanism is chosen in order to
achieve the highest accuracy possibly. The grip must not allow for any slip or off axis loading. For this design,
the 3-tooth chuck was initially selected as the most effective method for gripping the samples. The benefits
of the 3-tooth chucks are that they are relatively inexpensive while still being able to hold a variety of different
sample geometries and sizes. The 4 tooth chuck was not selected because it is unable to hold hexagonal
specimens, and the machine should have that variability should the sponsor choose to test different
geometries. The vise was not selected as the optimal choice for this design because it would weigh
substantially more than any other of the potential components. The collet was deemed ineffective as well for
this design because although a single collet is very inexpensive, a collet can only hold a very specific size of
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specimen. So if the size of the specimen is every changed, then a new collet would need to be purchased.
Therefore, because of the variability, cost-effectiveness, and ease of use provided by a 3-jaw chuck, it was
deemed the optimal choose for load application. However, after consulting the sponsor, a 6-jaw chuck was
selected to hold the specimens. A 6-jaw chuck operates on the same principles of a 3-jaw chuck, but provided
a greater surface area to hold the specimen with which will ensure that the specimen does not experience any
slippage during testing.

B.3 Load Measurement

The torsion tester will be used in conjunction with the DIC (Digital Image Correlation) that is
provided by the Sponsor in order to determine the strain present in the sample during testing. Using a high
speed camera and measuring the particle displacement on the surface of the specimen, the strain experienced
can be calculated. Therefore, it is only necessary for the design to determine the stress that the sample
undergoes during testing. With this in mind, a strain rosette was decided upon after comparing it with a
torsional spring for load measurement.

This design includes placing a strain rosette on the transmission shaft that connects the motor to the
gripping mechanism used to hold the specimen. The shaft will be made out of a highly resilient material that
will only undergo elastic deformation which results in a linear relationship between strain (y) and stress (7).
The slope of this relationship represents the shear modulus (G). This allows a program to easily solve for the
applied stress since the properties of the shaft are known. The equation for strain, stress and the shear modulus
are shown below. Additionally, strain rosettes are easy to replace and require very little installation time as
long as someone has experience with soldering. Due to their geometry, the direction that a strain rosette is
placed is not important, making it very easy to implement in to a design. They are also not too expensive and
are highly accurate.

=% @)
T=7 (5)
=7 (6)

where:
Al = change in length (m)
l, = original length (m)
F = force (N)A = area (m?)
G = shear modulus (Pa)

The sponsor will be able to provide the strain rosettes as well as signal conditioning equipment from his
facilities, so the cost associated with using this method for load measurement has been greatly diminished.

B.4 Linear Motion

As discussed previously in the constraints, the free end of the torsion tester must allow for 1 degree
of axial freedom during testing. This is to permit the specimen to expand or contract while loading is applied
to produce the most accurate results possible. For this design, three potential constructs were compared that
utilized varied geometries and bearings. After performing a selection process it was decided that to allow for
this motion, the free end will be placed on a 2 rail ball bearing system. This platform will let the free end
smoothly translate back and forth with minimal friction. This design was selected over the other choices
because it was deemed the most inexpensive due to the use of ball bearing over linear roller bearings, and the
least likely to fail under the torsion applied.

B.5 Housing
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After performing a material selection process for the construction of the housing, the material
selected for this build was aluminum. However, after speaking with faculty and considering other factors in
the fabrication of the housing, it was determined that steel was the optimal material for this design. Steel will
provide an extra factor of safety that will allow for the torsion tester to withstand all potential forces and
torques applied to the frame. Steel is also easier to machine and weld for the machinists that were consulted
in the shop, and although the steel is slightly more costly than aluminum, the added benefits of the safety
factor and ease of fabrication are considered to be worth the extra cost. During the construction of the frame
extensive study was done on a single member of the frame to determine the maximum stress along the axial
direction. As seen below in Figure 6, using a wall thickness in the steel member that is capable to be drilled
and tapped to receive the additional components of the machine had a factor of safety way out of the realm
of failure for this application. The deformation as shown is rated at most at 5 micrometers, which for the
frame is an accepted value It should be noted that such a cushion was developed, because not only does the
components need enough threads to grab onto, the frame needed to be as rigid as possible within reason to
allow the most accurate reading during the test. More of the FEA testing is discussed in Appendix.

URES (mm)
4 968e-003
4 .554e-003

Model name: 28 inch tube . 4.140e-003
Study name: SimulationXpress Study

Plot type: Static displacement Displacement . 3.726e-003
Deformation scale: 17226

. 3.312e-003
. 2.898e-003
2.484e-003
2.070e-003
. 1.656e-003
. 1.242e-003
§.280e-004

4.140e-004

1.000e-030

Figure 6 FEA on steel member of frame (mm)
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B.6 Optimal Build

The optimal build with all components added can be found Figure 7. As can be noted by the figure,
all components are labeled and shows the relative scale of everything together. The exact components in this
CAD will differ a bit to the actual components that are purchased, but this figure is to give scale and proof
of concept.

Load
Measuring Strain 4 Inch 6-Jaw Gear
Shaft Rosette Chucks Reduction Motor
\
2 |
—
Shaft Linear Free-End Pillow- Machine Motor Motor
Supports  Rails Assembly Block Linear Frame Shaft Brace Baseplate

Ball Bearings

Figure 7 Optimal design CAD assembly

B.7 Programming Considerations

The original design for this project includes a fully programmable DC motor working with
LabVIEW. This would require an interactive user interface on a computer. The user interface would allow
the user to choose the type of loading and load amount desired. This route has proven to be very costly due
to the many components needed to hook up a DC motor to a computer while allowing control and feedback.
Additionally, the team consists of only mechanical engineers with limited knowledge and experience with
programming and controlling. For these reasons, completing the project on time and within budget seems
unrealistic. In order to avoid this problem, an alternative has been brought to attention. This alternative is
using a variable frequency drive motor. This route does not require programming and is much more cost
effective.

I11. Risk and Reliability Assessment

There are some risks and reliability factors that can affect the success of this project. The main
component of this project is the motor that generates the torque. With any DC motor there is always the
chance of burning out. This will lead to an unsuccessful project and a waste of the majority of the budget.
The appropriate motor with the right holding and stall torque must be chosen in order to avoid this problem.
Another major risk is the material selection and shape of the housing and frame of the machine. If any of the
stress calculations or FEA was done improperly, there is a chance that the torque felt by the housing and
frame will be strong enough to deform it. This will lead to higher costs and the possibility of failure for the
project since the housing holds all of the components in place.
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IV. Procurement

One of the major challenges of this project is obtaining the necessary components all while
remaining within the constraint of the budget of $2000. The DC motor is the cornerstone of this project. Once
itis ordered and received, detailed measurements of the weight and geometry will be obtained. The remaining
components, including the gear set, microcontroller, linear guide rails with block bearings, and the amount
of raw materials needed for the housing will depend on the dimensions of the DC motor. All components of
the housing will have to be machined, so it is critical that we procure the necessary raw materials as soon as
possible so that the machining process can begin. The 6-jaw chucks are one of the few components that are
not dependent upon the size and geometry of any of the other components. The vendor that the chucks will
be purchased from is LittleMachineShop.com, however this vendor is not yet on the approved vendor list.
The group is in the process of getting this shop verified through the college so the purchases can be made.
Each chuck will cost $170. The current motor at the top of our list is an AKM Series Brushless Servo motor
and is pending final approval of our sponsor, this motor was found at Grainger.com.

V. Communications

Over this past semester the team has great communication with each other, their faculty advisor, and
their sponsor at the Air Force. The team uses texting on their cell phones to send daily messages and
information. Any documents or updates are uploaded to a Facebook page that each member is a part of. The
team and faculty advisor meets every Wednesday to discuss updates on the project, new ideas, and any
challenges the team has faced during the previous week. Additionally, the team and the sponsor have a video
teleconference every other Thursday to talk about the overall project progress and any concerns regarding
the project.

VI. Environmental and Safety Issues and Ethics

This project does not have any environmental issues associated with it. However, some safety issues
to exist. Since there is a motor and moving parts the machine does have some safety issues. The user must
understand these risks and not touch the actual machine during operation. Also, the user must understand the
risk if testing a brittle material since they tend to have catastrophic failure and its possible for debris to fly
off. There will be a plexi-glass wall to protect the user, however debris can still get over the wall. It is expected
that the user will abide by all OSHA regulations in the workplace.

VII. Project Management

A. Scheduling

Mov 2, 14 Mov 9, '14 Mov 16, ‘14 Mov 23, '14 Nov30, ‘14 Dec7, 14
0 1 3 5 T 9 11 13 15 17 19 21 |23 25 27 ¥ 1 3 5 7 9 11 1

Task Name |2 4

Background Research — ——
- Concept Generation e —
- Design Selection : [
- Budget Analysis ;
- Material Selection : — I
« CAD Drawings . b
Frame
Shaft
Motor
Grips
Miscellaneous

¢ =iEIRIE R

Assembly : ]
4 Part Orders : e ——

Vendor Research : I 1

Submit Purchase Orders . =

Figure 8 Gantt chart of the Fall semester

Taking a look at the Gantt chart in Figure 8 provided above shows a quick look at what has been
accomplished, and what still needs to be finished before the end of the semester. As the chart suggests, the
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CAD has recently been completed and the final design has been sent to our sponsor to ensure that it meets
expectations. The final task before the end of the semester that must be completed is ordering the parts. At
the time this paper was submitted, the group is in the process of researching vendors for the right components
for the build.

B. Resource Allocation

Taking a look at the Gantt chart in Figure 8, each task has a specific amount of time allocated for it to
ensure that all tasks have enough time to be completed. The background research has been conducted as a
team, with each member responsible for being knowledgeable on all subject areas related to the design. It is
imperative that all parties associated with the group are all familiar with the background information so that
each member understands what is required to complete the design. Concept generation has also been done as
a primarily team-oriented activity. Multiple potential designs have be produced by all members of the team
and through group discussion the critical design characteristics for the optimal build were determined. The
calculations have also been conducted by the team as a whole to ensure accuracy of the results determined.

The design selection has also been be done as a team, with the guidance and feedback of the sponsor
to ensure that all avenues are considered. The quality matrices used to determine the optimal design
components were developed by the team. Once a design was chosen, a simple CAD model was produced of
the design. Logan McCall will take the lead on the CAD production, and will ensure that the drawings are
produced within the time frame. Under the direction of Logan, the rest of the group will help to produce any
CAD parts and drawings deemed necessary.

Once the CAD design is completed, the budget analysis will be conducted by Reggie Scott. The
responsibilities of this analysis are to determine the cost of each part, allocate funding from the budget for
each piece, and select vendors from which each part can be obtained. Once vendors are selected, the parts
will be ordered and those that need machining will be sent to the machine shop.

Due to the scope of the project and the difficulties that are sure to be encountered with each step,
each member of the team will be responsible for helping with all facets of the design procedure. Although
Logan and Reggie will be taking the lead in two of the areas specified above, Brendan and Mark will also be
assisting with each process as well. Additionally, with spring semester approaching new challenges will be
brought up and will require the effort of the whole team. This includes ensuring the quality of all parts
received and assembling the actual machine. Any other considerations that develop in the next semester will
be divided among the team in an appropriate manner.

C. Budget

One thing that must be noted before going into detail on the budget is the selection of the load
application part of the design. A DC motor will be used for this machine, however there are many options to
choose from. As stated earlier, a motor with a variable frequency drive is being considered as the most cost

Estimated Budget Breakdown
5% 2.5%

5%

= |_oad Generation

= | oad Application
Housing

= Linear Motion

= Load Measurement
Travel

= Miscellaneous

Figure 9 Estimated budget breakdown for the design in terms of percentage

10



Group 13 Tabletop Torsion Machine

effective choice. These motors have a controller that is working directly with the motor rather than going
through a user interface on a computer. Although not as precise as a motor with a user interface through a
computer, this option will still be able to meet the requirements from the sponsor. However, if the sponsor
insists on using a motor and controller that works through a computer user interface, budgetary constraints
may become an issue. The motor and controller combinations that have been looked at as possible options
for this machine range in cost anywhere from about $1,200 to upwards of $10,000. The products on the high
end of that spectrum would be able to perform the job required quite well, but with such a large price tag that
is clearly not a viable option. However, the sponsor has informed the group that if a viable motor and
controller is found that could be beneficial to the design but may be a little too expensive, he may be able to
assist in procuring those items. So moving forward the group plans to construct a shopping list of parts that
are within budget and a “wish list” of parts that, if funding from the sponsor is provided, could be used to
make the design even better. This “wish list” will accompany a proposal that provided an explanation as to
why the higher priced option would be beneficial to the overall design. Then our sponsor can choose whether
or not to assist in the purchase of these items. The sponsor has also stated that many of the load measurement
tools such as strain gauges and signal conditioning equipment can be provided by him as well because his
workshop has much of these devices already on hand in his workplace that can be utilized on our design.

Continuing with the budget, an estimated breakdown of the spending by category can be found in
Figure 7. This budget is not taking into consideration the assistance that may be provided by the sponsor, so
if assistance is provided these values would shift. As already discussed, the motor, controller, and gearbox
necessary to generate the torque is expected to require the largest percentage of the budget. These pieces are
essentially the cornerstone of the design, and if necessary the other parts of the machine can be redesigned
to make accommodations within the budget. Load application will require the purchase of two self-aligning
6-jaw chucks, as well as the transmission shaft between the jaw and the gearbox. The housing will be
constructed out of stock material that must be machined and welded together. The room in the budget for the
housing will be to ensure that enough material can be purchased to have a stable, reliable frame for the torsion
tester. 7.5% of the budget has been allotted to the linear motion aspect of the design. This is for the purchase
of the rails, bearings, and mount system that the free-end of the torsion tester will sit on. After initial pricing
estimates, the cost of these pieces range greatly, and many of the vendors on the College’s approved list are
on the higher end, so efforts are being made to get approval for other vendors. As discussed above briefly,
most of the load measurement equipment necessary for the design will be provided by the sponsor. Therefore,
only a small fraction of the budget was allocated for this area in the event that some small purchases such as
adhesive and wiring for the strain gauges is required. Finally, the last two pieces of the budget are for travel
and any miscellaneous expenses of the design. The group traveled to the AFRL earlier this semester, and the
gasoline for that trip was provided for in the budget. The miscellaneous allocation is for any small purchases
that must be provided for such as printing costs or things of that nature.

VI1I1. Conclusion

The Munitions Directorate at Eglin Air Force Base presented the team with the task of producing a
more effective torsion testing machine. The new torsion testing machine must satisfy geometric constraints
as well as functional constraints that were provided by our sponsor. After conducting background research,
5 categories of interest were developed; load generation, load application, linear motion, sensors, and
housing. Multiple concepts were generated for the critical components and were compared using decision
matrices to select the optimal design. The optimal design was constructed from the highest ranking
components in each category.

A DC motor will generate the load need to torque the specimen. The team is currently looking into
an alternative to a fully programmable motor working with LabVIEW due to its high cost, complexity, and
time constraint on the project. The alternative is a VFD DC motor, which has controls directly hooked up to
the motor, instead of going through a LabVIEW user interface. This would allow the team to focus on other
aspects of the project instead of the programming and controlling part, which is difficult for a team of all
mechanical engineers.

In order to grip the specimens, two 6-jaw chucks will be used. Orders for these chucks will be made
before the end of fall semester. A 2 rail ball bearing guide will be used in order to account for the free-end.
The team is currently working on finding the right vendor and price for this component. The sponsor will be
providing the strain rosette sensors needed for this project. This allows the team to use the money originally
allocated for sensors for another part of the design. It also saves time looking for a proper and reliable vendor
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since the sensors must be of high quality. Finally, the team chose aluminum for the housing and frame for
the machine. The frame will have a hollow rectangular cross section in order to reduce the mass and cost of
the overall machine. However, after talking to other professors the team will use steel instead of aluminum
to add an extra factor of safety on the housing. This will ensure that the machine will not deform in any way
during operation due to the high stresses felt by it.

The team expects to finish this project on time and within budget. This was made possible by the
decision to go with the VFD DC motor. As long as the sponsor agrees with this decision final orders will be
made and assembly will begin during spring semester.

Over the upcoming break, the team will go over the final design and determine if there is any room
for improvement. Then preliminary shopping will be done to price out materials and components and a final
bill of materials will be produced. After the break the team will converse with the sponsor to get the go-ahead
on the final design, and purchase orders will be placed.
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X. Appendix
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