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DISCLAIMER

This report was prepared by students as part of a university course requirement. While
considerable effort has been put into the project, it is not the work of licensed engineers and has
not undergone the extensive verification that is common in the profession. The information,
data, conclusions, and content of this report should not be relied on or utilized without thorough,
independent testing and verification. University faculty members may have been associated with
this project as advisors, sponsors, or course instructors, but as such they are not responsible for
the accuracy of results or conclusions.



EXECUTIVE SUMMARY

The purpose of this report is to design an experimental device used by Dr. Feigenbaum, which
will help visualize the elasticity theory. The device will measure the force applied to a box that
works in both tension and compression. It will also measure the displacement of the box on a
frictional surface. The device will be connected to a computer and will use the capstone software
to display force vs. displacement for both x and y direction. A potential resistor will be used to
give an accurate reading of the force applied. An Arduino Uno board will be used as the heart of
the sensors that are attached to the box, it will measure the displacement. The sensor measuring
the displacement will be a CMOS sensor, which we extracted from an optical computer mouse.
The overall design will be module, where springs can be added or removed by the user. The box
itself should be heavy enough to stretch the springs before it starts to move. This project will be
used by Dr. Feigenbaum’s graduate level students and hopefully be used by universities across
the country.
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1. BACKGROUND

This section will be an introduction to our project. Which is basically a block box that slides over
a frictional surface along X & Y directions, when the force is applied to the box, it should
simultaneously display a Force vs. Displacement graph with the direction. Also, we will be
discussing the project description, original system and structure. We will be working through the
entire report explaining each part. Last but not least, there are couple of equations we are going
to use especially with the kinematic equations as we need to get an F (u, v) vs displacement
graph at the end of the system process. In this chapter, we are going through the design aspects
by discussing the system operation, performance, operation and etc...

1.1 INTRODUCTION

In this capstone course, we are challenged to work with a non-profit local project. It's basically a
plastic box model that moves in both x & y directions. The design should be able to demonstrate
the elasticity theory for students. This project will be used as an educational tool for Dr.
Feigenbaum’s advanced classes for plasticity. So, our design should be creative with the idea and
easy to deal with for all students. In order to deliver for the students, the elasticity theory, we will
attach the sliding box with a spring and whenever the student apply a tension or compression on
the spring it will immediately graph an output for force vs displacement on both x & y directions.
Now student should be able to clearly understand how the elastic limit behave. This project will
benefit both the sponsor which is Dr. Feigenbaum and her students who are studying the
plasticity classes as well as the mechanical engineering department they are our primary
stakeholders. The major obstacle we could face in this project is how to connect the sliding box
to a device to display for us the graphs we need.

1.2 PROJECT DESCRIPTION

This is an educational local project that helps both Dr. Feigenbaum’s and her graduate level
students who are taking plasticity classes. In this particular classes for plasticity students should
be able to demonstrate Force Vs displacement by either know how to plot the data or it will be
graphed through Excel. We are going to build a box on different surfaces and attach that box
with a free springs and other springs are connected to a fixed frame to explain for the students
the behaviors of the elasticity theory. Students will be able to switch around the springs until
they get the exact graph looking. The design should be a desktop sized, small enough to be
stored in her office, and seen in the classroom of 20 students as well as easy to carry without
extra help. To do that, we limited the weight to be not more than 40 1bs. The physical model will
be controlled by the student when applying tension (pull) or compression (push) on the spring.
After that, the student should get an immediate output graphs for the forces vs total
displacement.

1.3 ORIGINAL SYSTEM

Purpose of this project is to build a tabletop model in order to find the plastic and elastic-plastic
materials behavior. As the project requirement is to build such system so basically it is an
Original system. The project involved the design of a completely new elastic behavior model
using the sliding box and spring system. There was no original system when this project began.

Dr. Feigenbaum will use this device to explain how the material behaves after the elastic limit. In
this model a spring will connect to the box from one free end and the other end of spring



connects with the fixed support. The box is connected to a spring, is on frictional surface, where
the box has resistance when sliding over the surface. Surface has some sort of friction and slider
box can slide over it easily with the help of spring to move to and fro over it. In order to
understand the behavior of material after the elasticity then multiple frictional surfaces will use
to test, and multiple size of boxes will use and multiple type of material will use for the box.
There will multiple type of springs will use with different stiffness in the spring. Through this
project we will determine the deformation caused by the force and see how much deformation
appeared. So, force vs. displacements will measure for it.

1.3.1 ORIGINAL SYSTEM STRUCTURE

As it has mentioned earlier that the project we are going to build in this semester hasn’t been
built before and we have searched similar project over the internet but nothing has found similar
to our project that’s why this project is totally original system and we are not improving any
other system. Similar model has been built before but those models are not for doing the
elasticity measures and behaviors. Such models are just based for spring motions and this model
will review the behavior of materials after reaching to their elasticity. So, the structure of our
model is that there will be a fixed end of a spring and an open end, with the open end connects to
the sliding box over the surface. The surface has some friction as well so this is how our model
will build.

1.3.2 ORIGINAL SYSTEM OPERATION

There is no other original system then the one we are building in this project so there is no
operation for any other system available. And to explain the operation of our project it will see
the displacement cover when the force will apply. The displacement will cover in 2D one is x-
axis and second is y-axis. So, the operation is that the box will slide through a force and it will
cover a distance because of sliding and friction will hold the box until the spring will deform.

F=Fi+Ej (D)
U= u+u,j (2)

With the above equations we will do the plots. So the graphs that will make at the end of this
operation will be for force vs. displacement in both x direction and y direction.

1.3.3 ORIGINAL SYSTEM PERFORMANCE

There is no original system so we cannot find any performance for any original system. The
original system is the one we are building so we cannot mention any original system
performance unless our system will build. Furthermore, our system being the original system
will do the analysis on the behavior of plastic materials elasticity.

1.3.4 Original System Deficiencies

For our project, we had to come up with an original idea that satisfies the client’s requirements.
It was hard to know what the deficiencies are in the system, since there is no original system. All
we know, is that the hard part and the most important one is to generate a graph, and we need to
make sure that they are no deficiencies including that part.



2. REQUIREMENTS

The design that we are going to build is basically going to be used by student who are taking the
advanced classes for plasticity with Dr. Feigenbaum. This section will include the customer
requirements, engineering requirements, testing procedures and house of quality. Couple of the
requirements are difficult because we must give our client the best design that will be good to
provide for her students. She wanted a design that grab the attention for her students in the
classroom.

2.1 CUSTOMER REQUIREMENTS

The team generated Table 1.1 after meeting with the client, where she talked about the overall
function and the constraints of the device. She made it clear that she wanted the device to be
visible to a whole classroom, but also lightweight and easy to carry. The table below summarizes

the requirements and the description of each one.

Table 1.1: Customer Requirements

Customer Requirements

Description

Desktop sized system

It means a small to medium design device.
Basically, it’s going to be around the standard
size table.

Large to seen in the classroom of 20 students

Design with a good shape, so that all the
students in the class can see how the design
work is.

Small to store in an office

Good size that is not large or heavy so she can
hold it with other help and can fit directly to
the client’s office.

System will be controlled by the user

A force exerted by the student and that force
will be the output springs.

Work in both tension and compression

Can handle the forces exerted by the user.

Light weight

The device must be easy to carry by the user.

Plotting force vs. displacement

Arduino with the force gauge connected to the
display to show graphs.

Multiple frictional surfaces

Means by multiple users.




2.2 ENGINEERING REQUIREMENTS

From the customer requirements, the team generated a list of engineering requirements that will
satisfy the client’s needs. These requirements focus on the actual components of system and their
targeted values. These values will help in building the project because there will be our targeted
values and while selecting the design, implementation the design ideas, these targeted values will
kept in mind so it will be easy to develop different ideas and it will easy to select the final design
on the basis of these requirements and targeted values. Engineering Requirements for the project
is listed below in Table 1.2.

Table 1.2: Engineering Requirements

Engineering Requirements

Targeted values or Tolerance

Max Spring Expansions 0.15m
Elasticity 0.5m
Pushing Pulling Force I0N
Frictional Factors 1
Weight of system 18 Kg
Length of Sliding Area 0.5m
Wireless Control distance I m
Weight of Sliding Box 2 Kg

XY direction displacement

0.25 m in the X
0.25minthe Y

Durability

10 years

Reliability

90% success rate.

10



We didn’t find any difficulties with the cost of our project. We will be using materials that are
easy to use and also will be valuable for graduate level classes. Our client is looking for a design
that is easy to use and also light. That she can hold it with here everywhere. Most of the targets
were given to the team from the client. The design of our device limits the displacements in both
directions to the values you see in table 1.2.

2.3 TESTING PROCEDURES

As the engineering requirements have defined so it becomes necessary to test the engineering
requirements before proceeding for the further design analysis because if the engineering
targeting values are wrong or not achieving or crossing the limit then we must change these
values before moving on. Therefore, different sort of testing procedures will apply for different
requirements. And these testing procedures have mentioned below. The most important testing
part, is generating accurate graphs where we will measure the displacement using a regular ruler
and comparing it to the values that we got from the Arduino to generate the graphs needed. In
this section we will go over the most important testing procedures for the design.

2.3.1 SPRING EXPANSIONS

Testing of spring expansion can be done by hand by simply expanding it and compressing it by
placing a scale by the side of it and determine how much it is expanding and how much it is
compressing. If the compression is long or expansion is long then we need to change the targeted
values. The spring is expected to deform at some point during the lifetime of the device and will
have to be replaced by the client if needed. The team will use an adjustable “removable” springs
and that will make the process of changing the spring position anytime is easy and that will
absolutely will met the engineering requirement as they need a distance to move freely with the
spring and can change its position at any time.

2.3.2 ELASTICITY

The main idea of this project remains in this section of the testing procedures. Because we
basically want the students who are using the design will be able to understand how the elasticity
of the materials will behave and that’s why the elasticity should be included in our testing
procedures. Since we have the process of pulling or pushing we did met the engineering
requirements and explained what the elasticity means. The Elasticity of the material can also
determine in the same way by making a holder of same material so that it can hold and stretch
through two hands or there is a machine available for stretching so place the material inside that
machine and determine its elasticity. Elasticity of any standard material is available online as
well in order to verify.

2.3.3 PUSHING AND PULLING FORCE

Pushing and pulling force can determine through a force detection sensor. This sensor can
determine a force apply by a human. So a person who will push and pull the box in this project
will apply the force on this machine and will determine whether the force mentioned is correct or
need to make some changes in it. As we are going to use a force gauge to test the system. We
will figure out how much is the required or the appropriate force to be added in there and not let
the system failed. We have to kind of forces in this design. First, it’s the human force (push or
pull) that will exert on the system. The other force will be
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F = —KX (3)

From Eq. 3 it’s a Hooke’s law and that what we get for the second force when the spring pulling
the box towards the wall. That make sense because we have negative sign multiply by the spring
constant.

2.3.4 SURFACE FACTOR

Surface factor can determine by the friction factor and friction of any material is used. We used
carpet in the surface of our design so we could get the result that we are expecting. The friction
value can be collected online. Applying the formula to calculate the frictional force. Will help us
in getting the exact results. The surface factor meets our engineering requirements such as
adding carpet will make it easy to use. Since we have push and pull surface. When the student
pulls the design with the springs on the other side the force will help us to pull on the reverse
side. In this case we will have higher surface factor force.

2.3.5 WEIGHT OF A SYSTEM

The overall weight of a system is what we added to our design to make it easy to hold. We added
light wood to the surface of the design which made our design lighter weight and more accurate.
The result that will be collected is from the user because he will be able to hold it. The weight of
a surface meets the engineering requirement by getting the wood and adding it to the surface that
made a huge difference in our design. We estimate that our design will be around 18 kg. To test
that we used a scale to measure the total weight of the device.

2.3.6 LENGTH OF SLIDING AREA

The sliding area length is standard size and it can check through any slider that is satisfied.
Increasing the sliding area could result in increasing the total weight of the system, which we are
limited to around 40lbs. We used light material so the frictional force can move easily over the
system. The dimensions of the whole device is easy to collect and the materials that are used
meet our client satisfaction and engineering requirement. In case of safety and sliding friction
force. This will be measured by a ruler, where there will be enough area for the box to maneuver.

2.3.7 SENSORS

The first testing part will be testing the sensor by connecting it to a computer and checking if it’s
reading data or not. Then we’ll be testing the accuracy of the sensor by using professional
equipment, like a force gage. As for the displacement, we will be using a ruler and comparing the
measured value with the program output.

2.3.8 X Y DIRECTION DISPLACEMENT

This is the displacement measure, and it just need to check by moving the box over the scale that
it is giving the correct value or not. The box will only be moving along the x and y-axes, where
we will be also testing how free it’s moving. The box should not be affected by any resistance
that are not either the frictional surface or by the springs. Basically, Fu is the output force that we
will get when we move along x-direction. However, the Fv is the output force that we will get
when we move along y-direction.
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2.3.9 ARDUINO-UNO

When connecting all the sensors together through the Arduino board. The Arduino program will
test it if it’s compatible and the setup are correct, so it will give us a data. however , when test the
design and isn't compatible then there will be something wrong our set up connection and we
need to figure that out. Codes will play a big role with testing where this sensor is working or
not.

2.3.10 RELIABILITY

Our team decide to use reliability items in our design. We used lightweight materials such as
aluminum and springs. Our result will be collecting throw the Arduino connected from our
design to the laptop and the higher the accuracy of the readings, the more reliable the device is.
Then the user will find the results showed by a graph and by measuring the actual displacement
by a ruler and comparing it to the readings on the computer screen. The customer requirements
meet the engineering requirements such as safety.

2.4 Design Links (DLs)

This section will describe how our design satisfied each engineering requirement. We will
provide a brief explanation on how we plan to meet these requirements.

1. Compact Design: Our design will me square shaped and could be carried as a briefcase.
We added handles to adjacent sides to make it easy to carry at different orientations.

2. Weight of the System: We used lightweight materials and reduced the surface area of the
device. By doing that, we managed to decrease the total weight to half of what the client
asked for.

3. Friction Factor: To add friction to the sliding box we chose the surface to be covered in
cloth. The cloth acted as a resistance force to the force applied by the student, were the
box would stay still until the student apply enough force to move the box.

4. Motion/Force sensors: The team decided to use optical mouse sensors to measure the
movement of the box. This was placed under the box to be able to capture images to
output data. To measure force, we used weight sensors that would give accurate values in
Newton’s after an accurate calibration test.

5. Length of sliding area: The length was cut down as the client wished but turns out the
device didn’t need that much area.

6. Wireless Control Distance: We added blocks that have hooks to them. These blocks will
be used to minimize errors, but also to help ease the usage of this experimental system.

7. X & Y Displacement: We limited the surface area into a square shape, so the user will be
limited to the area given.

8.

2.5 House of Quality

Quality, which in this case refers to meeting the needs of our client. The House of Quality (HoQ)
basically show the correlation between the customer and engineering requirements. The
customer requirements come directly from Dr. Feigenbaum, as she insisted on making the
system easy to carry and store in an office. We came up with the engineering requirements that
helped meet the customer needs, where we specified the size and weight of the system. The
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below caption will give a brief description of the first few customer requirements with the
engineering requirements related to it and the completed HoQ will be on the Appendix A.

- “o
g
[ & : g 5
gl % S E|B
5 % 2 1S
§ £ g Bl 2| &
Customer Requirement 2| & 2| I g
m!. Easy to be stored in an office 10 ) 3
2. Visable from a distance 4 1
3. Desktop sized 8 9 3
4. Various types of spring 1
5. Portabie 9 3 9
6. Easy to carry 6 3 )
7. Generate different types of graphs 7 9

Table 1.3: Caption taken from the HoQ in appendix A

3. EXISTING DESIGNS

Our existing design is to build a sliding box that works in both X & Y axis. That box should be
attached in 2 springs on a frictional surface. As one spring will be used to pulls or pushes when a
student applies a force on it. The other spring will be connected between the sliding box and a
rigid wall. The student will get an immediate plot for force versus displacement depend on the
axis that he/she applied the force on. The design will be unique and creative so it can deliver for
the student how the elasticity behaves. So, in this chapter will go over the system & subsystem
design and as the design will be used as an educated tool for the students we will consider it from
the STEM that involves all science, technology, engineering, and math.

3.1 DESIGN RESEARCH

Several researches have been made for the plasticity modeling and finally we have come up with
UCAR as well as Mechanical department to be our benchmarking. This design will be explained
for student that taking Dr.Feigenbaum advanced classes in plasticity. This design will be doing
from scratch as we don’t have any previous designs made for plasticity. When we look over the
UCAR cite we saw different design made as a teaching box for the student in the classroom, and
we saw how well they understand when using those teaching box. “UCAR Center for Science
Education Teaching Boxes are themed collections of classroom-ready educational resources to
build student understanding of science, technology, engineering, and math (STEM). Resources
highlighted within teaching boxes are developed from UCAR Center for Science Education and
other credible education programs, and have been vetted by the Center's education team [1]. We
are not going to really find any issues, because all the designs were helpful to give us a good start
with our sliding box design and as long as they are under STEM they helped us with the idea is
how to make the students be an interactive with teaching box. This benchmark which is the
UCAR was benefits with giving us a good idea of the teaching box and how to be a great with a
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design so the student will be interactively with it and understand the process going on right
away.

3.2 SYSTEM LEVEL

In the current project the major objective is to focus on plasticity modeling by looking at its
significance. Linear elasticity model is very crucial specially to modeling materials which
undergo small deformations and which return to their original configuration when the load is
removed. This illustration is shown by use of springs on a block placed on a table. When the
spring is pulled by the user it stretches until its elastic limit is reached. When there is a lot of
friction the spring stretches more as opposed to when the friction is less. In this regard, during
the real applications of plasticity an allowance should be given in case of extreme cases of
friction i.e. a lot of friction or less friction. This means that during building and construction and
manufacturing of various products their tensile strength should be considered so as to avoid
occurrence of accidents.

The current model has a wide range of applications as discussed below. In the building and
construction industry concrete is a very crucial component and is a mixture of sand, ballast and
cement. The right mixing ensures that the concrete is able to withstand heavy loads. On the other
hand, gaps are normally left in between large portions of concrete so as to avoid cracking of
concrete when the temperatures are high or when it is subjected to extremely heavy load.
Another application of plasticity is in the spring balance which is used to measure weights. When
a load is attached to a spring balance, the spring stretches up to a certain limit so that the correct
weight can be read from the calibrations. In case a very heavy load is hanged on the spring
balance the spring will stretch until its elastic limit is reached. The spring results into an
irreversible deformation.

3.2.1 EXISTING DESIGN #1: ELASTIC

This entails an ideally elastic perfectly plastic model whereby a spring is fixed on a block and
then pulled along a surface. The spring stretches as the block resist moving. Once the spring is
fully stretched the movement becomes constant. This model is significant and it is one of the
most successful plasticity models. In this model requires a single experimental input is required
i.e. The yield strength. Flows under various boundary conditions are analyzed. It is mostly used
in the analysis of the processes involved in the formation of metals and the carrying of loads. In
addition, the model can also been used in the description of the yield stress fluids like greases
and toothpastes. However, this model can mostly be applied in light objects which do not require
a lot of strength to make them move [2].

E

-

Figure 2: figure that shows the yield strength [2]
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3.2.2 EXISTING DESIGN #2: LINEAR

This design entails rigid linear hardening whereby a spring is attached to a fixed point and one
end is attached to the block. In this case, when the force is applied to move the block, movement
is constant as the spring stretches uniformly. In this case, when the stress is below the first yield
strength, the material is inflexible, and this makes the stress to increase along a vertical line, y=0.
In this case elastic deformation is neglected. When the stress is increased again and often goes
beyond the initial yield strength, then the material starts to move. When the stress-strain curve
monotonically increases, then the material is regarded to have strain-hardened. The idea behind
this model is to reduce friction on the surface on which the block is moving so as to facilitate
movement. Also, a limited amount of force is applied by the user [3].

E
lﬁw}_f

Figure 3: Shows the strength [3]

3.2.3 EXISTING DESIGN #3: SPRINGS

This design entails elastic linear work hardening which entails use of two springs whereby one is
attached to the block while the other one is fixed. On pulling the result is that the stretching is
constant until the elastic limit is reached.

When two springs are used the stain is distributed equally between the two springs and hence the
springs do not undergo complete deformations. Also, there is a lot of strength as a result of the
two springs. However, this strengthening occurs as a result of dislocation movements and
dislocation generation within the two springs. This method is normally applicable in materials
which have a high rate of hardening. In this regard, the two springs do not undergo maximum
deformation since before the elastic limit is reached movement would have occurred. Therefore,
this method can perfectly fit movement of relatively heavy blocks [3].

Figure 4: is the design elastic work [3]

3.3 FUNCTIONAL DECOMPOSITION

Below we breakdown the main parts for our project and we came up with the following block
box that should be weightless and attached with 2 springs, we are going to use 2 springs, one will
be connected between the rigid wall and the box that cause deformation, however the other
spring will be used to pull or push on the spring. The main work will be on the X and Y axis as
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the client don’t want use to use the Z axis. The frictional surface whether be high or low. Lastly,
we are going to use 2 kind of sensor one to measure the distance between the block and the rigid
wall, other to measure the speed for the user.

L Plasticity Modeling ,

L |

\ Block box ‘ l
springs Friction Planes

surface
Weightless l l
Attached

with 2 High I l Yplane' X plane speed
springs Springl pressure
along X (user)

&Y

directions

Sensors

Pressure
sensor

3

Spring2

Calculate| | Calculate
velocity distance
Tension Compression exerted t{ereen the
(pull) (push) by the rigid body & th
user block box

Deformation

Figure 5: Functional decomposition for our design.

3.3.1 BLACK BOX MODEL
The Black Box Model simplifies the functionality of the system and also lays out its inputs and
outputs. For our case, the main function is to generate graphs of forces acting on the system,

where we input a force which caused displacement which eventually plot a graph as an output.
Below in Figure 6, is the Black Box Model.

Hand, Spring Hand, Spring

ForceXD

Human Energy, KE . Human Energy, KE

device)

Signal ON/OFF Signal ON/OFF, Graph

Figure 6: Black Box Model
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3.3.2 FUNCTIONAL MODEL

This functional model is breakdown in a way that clearly shows how the design is being work
and in each step it shows what is the energy used. This will definitely give a team a clear idea of
how the system should work. As we start with sliding the box and give the spring tension or
compression we are exerting a mechanical energy, when the friction happens that will led to a
thermal energy, the sensor will translate all the codes into Arduino and then it will plot the graph
and that will be the electrical engineering.

Slide Human (hand) oy Mechanical
== | Black ho ———— pring . .
X deformation] ™ Translational motion
Mechanical
Thermal
;—b Sensor attached
Push/pull e | Friction surface emre—

to a box ’

Flectrical
| Translate Plot forces vs lectrical
oo . =
codes to displacement Electrica

Arduino

Figure 7: Functional Model

3.4 SUBSYSTEM LEVEL

The subsystem level is important in our project. Without those components we couldn't build our
design. Around ten system level we are going to use to create the plasticity design. Our client
gave us couple of things that she is looking on the final design such as Arduino, microcontroller,
springs and etc. Output data is the data that will be used to create the device that our client wants.
For example, the row data input coding is the data that it inputs the codes that we will be doing
on the MATLAB. Applying Arduino codes set up is the connection between the device and the
codes we set up the final input. Also, microcontroller will be used to activate the codes of the
device. The force system will be calculated after we got the final testing.

The table top display shows the final numbers and forces that we calculated on the design. The
system will include suction cups below the surface to keep it from moving/falling when force is
applied. Displaying outputs is the final shape of the device that we will be creating. Force gauge
is the force that we will be used to move the design from one side to the other without any
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damages. Spring deformation gauges are the springs that will be used to activate the device and
making the force move and help to define the spring constant.

3.4.1 SUBSYSTEM #1: ARDUINO CODES SET UP

In this design, we are going to use the Arduino connected with the 2 sensors to translate all the
codes we are running to plot the Fx vs u, and Fy vs v. so we need to go over all the kinematic
equations and figure out how to set them up using the Arduino program. Then we need to do the
connection between the sensors and the Arduino and apply it to excel for the plot.

3.4.1.1 EXISTING DESIGN #1: ARDUINO PROGRAMMING

It would be all about if the user pulls or push the spring whether it in the X or Y axis it should do
all the calculations and at the end of the process should plot a graph of the force versus
displacement. The time will be calculated using a stopwatch and then will be apply it over the
displacement to get the velocity then apply to get the acceleration. At the end we will be able to
get the force. By using this device, it will help us to get the graph we need right away.

: TXMEN
: rxumu © ARDUINO

Tt e ey

S5 WWW.ARDUINO.CC — MADE IN ITALY

Figure 8: Arduino Uno [4]

This device will play a big role in our design since it’s considered the main electrical part and all
the connection will be through the Arduino board. We will be connecting all the wires with the
sensors and the Arduino Then we will program it through the Arduino program using some IF
commands to have the codes for force VS displacement. Then we should have our results for the
graphs and the force gauge also will be connected with the Arduino to give us an accurate
reading for forces applied by the user to the system design. This part is very important in term of
met the engineering requirements. As students want to see a good nice curve for Forces (u,v) vs.
displacement. At the end, we need to program all the codes we have from the Arduino and
connect it to the Excel to display the graphs.
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3.4.1.2 EXISTING DESIGN #2: SENSORS

For our design we are going to use 2 kinds of sensor. We will program (BMP180) sensor which
is the pressure sensor to calculate the distance between the block and the rigid wall as the time
been calculated using a stopwatch. Furthermore, the other sensor we will be used to calculate the
speed for the user as moves. This kind of sensor is (LM393) that can give us a perfect
approximate for the user speed.

Figure 9: The below figure will show a full connection of how to setup the speed sensor with the
Arduino [5]

alalllaBa

MOTORB MOTORA

LM393
Speed
Sensor

fritzing
Figure 10: Shows the connection between the LM393 & Arduino [6]

We used two kinds of sensors. Speed sensors and pressure sensors. The speed sensor is BMP180
which helped us in calculating the surface speed. Pressure sensors helped us in calculating the
distance from the point of pushing to the point of pulling. Adding force gage will help us to have
an accurate reading of the force that been applied to the system. Our sensor meet our engineering
requirements in the case of adding it to the Arduino. The pressure sensor will go right after the
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box and will be attached in the spring as well. However, the speed sensor will be attached
between the output springs and the box to measure the user speed when moving the box and then
apply it all to the kinematic equation to figure out the acceleration needed to calculate the
distance. The pressure sensor will be there to enhance our results.

3.4.1.3 EXISTING DESIGN #3: KINEMATIC EQUATIONS

Those are the equations to be applied using the Arduino program. As long as we calculate the
acceleration we can find the force. By using the kinematic equations with the speed sensor, we
can figure out the displacement.

We define the force as

F=m=xa
Velocity equation
y =2
t
Acceleration equation
Av
a=—

d=vj*t+-*a*(t) 2 ——————————————— ———— — (4)
Wp)? =) +2+axd——————————————————— — (5)
v=vi+ax(t)—-———————————————————— — — (6)

3.4.2 SUBSYSTEM #2: HOLDERS

The subsystem is important to our project because it's a device and it must not fall. As our client
and our department sponsored they indicated that they don't want something easy to fall. Rubber
base will be applied to the bottom surface of the device which will prevent sliding over the
tabletop.

3.4.2.1 EXISTING DESIGN #1: SAFETY

We are required to create a design that is secure and safe for the customers. A design that our
client can hold it and walk through anywhere. The safety requirements are creating a design with
useful products that can help the customer not to get hurt. The team member worked very hard to
ensure safety while the student using or carrying the design. As we are planning to use the 8/20
Aluminum. So, we will make sure to cover the edges as well as to trim the design.
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3.4.2.2 EXISTING DESIGN #2: EASY TO CARRY

The design of the system must not exceed 18 Kg in weight. Our client is looking for a smaller
shape that is easy to carry. The box itself must be at least 2 kg, so it has some sort of
gravitational resistance when force applied from the client/students. Handles could be attached to
sides of the device, which will make it easier to transport.

3.4.2.3 EXISTING DESIGN #3: SHAPE

The shape of the design must be meaningful for example a design that will grab the customer
attention with colors. The shape must be easy to see and hold a medium size shape. It should
have hooks all around, where students can add/remove springs on demand, which makes it
module. The system should also be a tabletop design, which can easily be stored away.

3.4.3 SUBSYSTEM #3: MICROCONTROLLER

The microcontroller will be used in our design so we can build the device that our client wants. It
will be embedded to the sensor and the Arduino which will complete the setup of the system. It
is cheap but also significant to the success of our project eventually.

3.4.3.1 EXISTING DESIGN #1: CODE

The code will be applied on the flat surface of the microcontroller. Since it will be connecting to
the Arduino that will help getting the codes through the MATLAB program. The team must
write a code that will plot a graph of the force applied by the user versus the displacement of the
box. A code also be written to display the graph on a screen or a connected computer.

3.4.3.2 EXISTING DESIGN #2: FLAT CIRCUIT

The flat circuit is one of the important things in the microcontroller for example it will help to
get the exact data of our design. It will be calculated when we create our design. It relates to our
requirements because we need to build a design that can be used to multiple users. Eventually, it
helps with the data precision and accuracy of the readings.

3.4.3.3 EXISTING DESIGN #3: BOARD

Board is the first step in creating a microcontroller. It adds all of the other requirement for the
project for example sensor, shape and the battery. It’s basically where the electrical components
are attached and stored away from the user. Any damage to this board can cause the whole
system to fail, so this needs to be covered from dust and liquids. Below in Figure 12, is an
example of what a board looks like.
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Figure 12: The figure shows the bored of the microcontroller that will be used. [7]

4. DESIGNS CONSIDERED

In this chapter of the report, we will discuss the designs that the client suggested and also designs
that the team considered. There will be a list of advantages and disadvantages of each design that
will help us narrow down the options and eventually choose our final design to go forward with.
Below you will find figures and diagrams that will help you visualize the system as a whole.

4.1 DESIGN # 1: SIMPLE BASIC MODULE

This is the first design idea in which we have placed two springs one is fixed one from both sides
and the second spring is open from one end. In this way the box will move with the help of
spring by stretching the spring. And the displacement covers by the box will record in the system
through the help of Arduino controllers. And then the controller and system will generate the
graph of force vs. displacement. Here is the module showing below in the figure 13.

Arduino
Displacement

Box -
Removeable Spring Spring

Surface

Graph generated by
Arduino

Displacement
Figure 13: Basic Module
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Advantages

Following are the advantages

1. Removable spring can make it easy to adjust and slide over the surface.
2. Spring elasticity will not affect material elasticity.

Disadvantages

Following are the disadvantages

1. For drawing force vs. displacement curve we need an extra computer screen to draw and show
the curve.

2. Processing will be slow because of extra screen attach to it.

3. It will be difficult to make it portable

4.2 DESIGN #2: FORCE GAUGE SCREEN WITH SIMPLE MODULE

This is a design amended from the previous design and in this design, we will put a force gauge
in the system, so that force will determine through the screen continually. And remaining
removable springs have attached as well which can remove at any instance. This design is
showing below in the figure 14.

Force Arduino
Gauge Displacement
Screen

Sliding
Box

VY

Removeable Spring

Surface

Figure 14: Simple Module with Force Gauge

Advantages
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Following are the advantages for this design system

1. Force curve is available so force will monitor continually and it can vary eventually
2. Removable spring can make it easy to adjust and slide over the surface.

3. Spring elasticity will not affect the elasticity of material

Disadvantages

Following are the disadvantages

1. Force vs. displacement curve will form by the system which makes the system slower

2. Will not portable

4.3 DESIGN # 3: FORCE AND SPRING GAUGE WITH SIMPLE MODULE

This is another design in which two gauges have added in the system. One is force gauge and
second is spring gauge. In this way the whole system will able to draw the curves of force and
displacement at the same time and can monitor both curves live and make the system portable
and easy to carry as well. Following is the figure showing the design idea.

Force Arduino
Gauge Displacement

Screen

Spring
Gauge

Sliding
Box

A4 A74

Removeable Spring

Spring

Surface
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Graph generated by Force Curve from
Arduino Force Gauge

Displacement Time

Displacement Curve
from Spring Gauge

M N\

Time

disp.

Figure 15: Simple module with force and spring gauge

Advantages

Following are the advantages of this system

1. Displacement and force curves will monitor through the gauges.

2. Easy to understand the material behavior from the live gauge results

3. Removable spring can make it easy to adjust and slide over the surface
4. Spring elasticity will not affect the elasticity of material

5. Portable system

Disadvantages

Following are the disadvantages of system

1. Interlink of force gauge and spring gauge to form the force vs. displacement is
difficult.

4.4 DESIGN # 4: BOX SLIDING OVER FRICTIONAL SURFACE

This is another design that we found about frictional force and how it is affecting the system,
shown in figure 16 below. Here we will consider the frictional force acting against the applied
force by the user, forming a type of resistance. The surface of the system will have a friction
coefficient, which will be determined later on, where we will consider the safety of the user
when it comes to the roughness of the surface.
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Figure 16: Box sliding over frictional surface.
Advantages

1. Additional resistance.
2. Visualizing how friction act on the given material.
3. Has a more interesting Net Force acting on the box.

Disadvantages

1. The frictional surface can be dangerous to user.
2. User must be careful with using his hand.
4.5 Design # 5: Box attached with a spring all connected to a rigid wall

This is design shows how the springs are important to the overall design, as shown in figure 17.
Having springs is one of our client’s needs, where she specified being able to add/remove springs
on demand. Adding another feature to the design, which is being module. It show how we used
walls to act as a resistance force, which also makes things more interesting when studying the
elasticity of a certain material.

?V

Figure 17: A box with spring connecting to the rigid wall
Advantages

1. Springs are applied in both the x & y directions.
2. Module Built.
3. Adds resistance to the force applied.
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Disadvantages

1. Multiple users required to use the system.
2. User must be careful because using springs.

4.6 DESIGN # 6: BOX CONNECTED WITH A SPRING & THE RIGID BODY IS CONNECTED ON THE Z
PLANE

This design shows the force how is applied in the z-direction. As shown in figure 18 below, we
added another wall that works in the z-direction. This type of force can cause deformation to the
box, which satisfies the cause, but also is not required. We can see the box deform as it reaches
the elastic state, but will also need to be replaced after a trial.

Fixed wall

Figure 18: A box connected with springs along X & Z axis

Advantages

1. Applied force and displacement
2. Friction is applied
Disadvantages

1. Springs are on different sides.
2. 3D design - not required.
3. Different boxes.

S. DESIGN SELECTED

In this section we will talk about the design that we search about. This section includes the
rationale design selection which focuses on the purpose of the project. The Pugh chart which
shows the different types of requirements and what the client is looking for. Also, the decision
matrix is an important part in this section which have the weight, frictional link and etc. This
section will narrow down our options into our final design selected.
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5.1 RATIONALE FOR DESIGN SELECTION

Purpose of this project is to understand the elastic behavior of materials after they reached to
their elastic limit. For this purpose, we are building a product which can read the behavior of
system by sliding the material box over the surface. The product will then develop a force vs.
displacement curve which will help us in understanding the material characteristics. Therefore,
few design ideas have presented in the previous section and in this section, we are finalizing the
design idea and selecting the one which will implement in actual. In order to finalize the design
ideas, we have used two different techniques first one is Pugh chart and second one is decision
matrix.

Pugh Chart

Pugh Chart is a type of chart which determine if the engineering requirements and client
requirements are meet. Our design meet with the engineering and client requirements. We came
up with 10 different designs that will help us in creating our design. The Pugh chart helped us
narrow down our options from 11 designs to the best design. The team gave each customer
requirement a certain weight and also listed them from most important to the least. The design
with four springs in all direction was set to be our datum. The reason behind that, is that we’re
expecting our client to use at most four springs. We then compared all the other designs to it and
visualize how the other designs exceeded the datum or failed to meet our expectations. The
design with the highest total is set to be our final design.

Table 1.4: Pugh Chart
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: & < 2 g = .8 & |8 g
10 Designs & | M S| BB =
= o 2 al © o o gl = & ol w o0 S
— = = Bn| = = o0 -=
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Desktop 8 + + |+ - + + - + + Datum
sized
Large to seen 7 + + |+ + + - + + - Datum
in classroom
Small to store 6 - + + - - - - - + Datum
in office
User control 5 + + + - + + - + - Datum
Tension and 4 + + |+ + + + + + + Datum
Compression
Direction of 3 - + + - - - - - - Datum
force
Tabletop 2 + + |+ - - + - - + Datum
model
Module Built 1 + - + + - - + - + Datum
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Number of 6 7 8 3 4 5 3 4 5 Datum
Plus

Number of 2 1 0 5 4 - 5 4 3 Datum
Minus

For this project we have selected top two ideas from Pugh chart and these two ideas are:
1.  Force Gauge with Simple Module
2. Force and Spring Gauge with Simple Module

Above two designs have narrow down from the Pugh chart because both designs have gauge
screens which is giving benefit to plot force vs. displacement graph. And design number 3 has
portability advantage as well that’s why these two designs have narrow down for final result.
Next step is to put these results in decision matrix to narrow down the result.

Decision Matrix

In decision matrix, a matrix has formed in which each requirement has assigned a specific value
and that value has then multiplied with the number obtained by idea on the basis of its condition
according to the requirement and summing up all the numbers for an idea to get the result of each
idea and the selected design will be the one which got the highest value in it.

Table 1.5: Decision Matrix
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Q
g —
matrix 3 £ = = o = 3 =
o = o o =t =
N = = =t o [t o
— Q o = s 7 o 2 =]
7] 8 N et o o 4 ) el =
a, 7] v Q o = o ) =
9] e =l g E|O 2 & | § 9] = S
kv o °| 2 9ol g Z g |3 o = =
5 20 = 2 o 51 8 = 2
A S = - = O | & ® =
Weightage 8 7 6 5 4 3 2 1

Force and | 6x8=48 | 6x7=4 | 2x6=1 | 7x5=3 | 7x4=2 | 5x3=15 | 5x2=10 | Ix1=1 | 191
Spring 2 2 5 8
Gauge
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Gauge 5 8
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From decision matrix we have obtained the final design as

1. Force and Spring Gauge with Simple Module
This design has advantage over the other design in a way that it is using two gauges which is
making more easy and portable system. It can plot the force vs. displacement curve easily
because to these two gauges and these advantages make this design idea as a final design.

5.2 DESIGN DESCRIPTION

From the decision matrix we have finalized a design Force and Spring Gauge system which is
showing below. The springs will be handled by the user. The force gauge is attached to the
spring end, in order to pull on it and apply force. The Arduino will be inside a frame box which
will be attached on the top of the box. The frame will also include displacement sensors on all
four corners of the frame. The springs will be module, where the user can attach them to the
hooks that are located on both walls and also all faces of the box. The Arduino and force gauge is
then connected to computer software, which will display the force vs. displacement graphs.

Figure 21: Final CAD Model

The walls and base will be made out of aluminum, which is considered light weight metal. It will
help with the durability of the device, but also still easy to carry and move around. The surface of
the base will be covered in carpet, which will provide some sort of friction without damaging the
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box itself. The bottom face of the base will be rubber, which will help hold the device in place
when in use. The box will be made out of polyethylene, a type of plastic, as specified by our
client.
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Figure 23: Final drawing with BoM
6 PROPOSED DESIGN

The design selected for this project has presented already and ready to start the building process
next semester. Further details of this design can view from the bill of materials and schedule for
the future work can view from the Gantt chart. We will use the machine shop to build the frame
and we will use hand tools in adding the springs and the carpet. The sources of our design will be
bought online and the shipping and tax are including on the cost and budget chart. The Arduino
frame will be molded to fit the Arduino and its sensors. The walls and base will have to be
manufactured by the machine shop. This CAD model above include our finalized dimensions
and materials used. The team is ready to move forward and start building the exoskeleton of the
device, which is the walls and base.

6.1 BILL OF MATERIALS
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The bill of materials (BOM) is helpful to simplify all the components of the system and its
manufacturing process. It also specifies the quantities needed and the function of each part. The
BOM maybe upgraded in the future if the team came up with a slight change in the finalized
design. The BOM will be found in Appendix B.

6.2 GANTT CHART

Gantt chart is present in Appendix C. Gantt chart has the complete schedule of what’s going in
future. It shows all the tasks that the group will need to complete in order for the project to a
success. Gantt chart is a good way to track the working. From Gantt chart we can also check if
we are behind the schedule or not. So in this way Gantt chart helps in completing the project on
time.

6.3 COST AND BUDGET

The budget will be team proposed to our client, where the range is between $500-$2000. Since
the project total cost is lower than the range anticipated, the team is willing to start ordering the
parts needed and hand the clients the receipts. The force gauges cost us almost 70% of our
budget. The total cost of parts and shipping will be included in the BOM, as for the
manufacturing price of the frame, it will be determined next semester when the team meets with
the machine shop.

Following is the table of cost that has used to manufacture the product. These products have
purchased, and all of the items have purchased from amazon. The products have included the
shipping cost from amazon. And the total price we have spent is around $135. We have bought
the starter kit which cost around $35. This kit is useful to run all the programming data and
control the sensors. All the sensors attach to the springs will respond to the kit.

We have bought the tutorial for learning the Arduino and its programming. From the tutorial we
have able to do the programming which will control the expansion and compression of spring.
The box will move over the fabric sheet and fabric sheet provide an extra friction.

We have bought the sensor which measures the distance as the object will move. This sensor is
module 12C interface with Arduino kit. Another sensor has used for determining the expansion
of object, which is Sukragraha UNO R3 Sensor shield, V5.0 which connects with the Arduino
Genunio System. Stainless steel ring hook, have bought with round screws. Expansion shield
UNO RI1 Nano 3.0 Duemilanove connect with Arduino has bought. Swordfish 31070 200 PC
Extended and Compressed Spring assortment case kit has bought which will use for connecting
the expansion sensors.
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Table 1.6: Cost analysis

Item Quantity Cost ‘
Elegoo EL Kit 003 UNO Starter |1 $34.99
Kit with Arduino

Swordfish for compressed and 1 $12.99
extended spring

Arduino Programing 1 $7.99
Hiletgo Nano Expansion Sensor | 1 $5.29
Shield

Stainless Steel Ring Screw Hook 10 $6.64
8/20 Aluminum axials 2 $20.99
Sensor Shield expansion board 1 $5.49
Box 1 24.92
Wires 1 $7.29
Optical PS2 Mouse 1 $8.99
Total $135.58

7 IMPLEMENTATIONS

This section will include the steps we took into building the device. It will include the problems
we faced and what we did to overcome it. The changes could be major or minor depending on
the issue at that point. Any manufactured part will also be discussed in this section, from the
materials used to the mounting part of the process.

7.1 MANUFACTURING

To build the frame, the team used wood as the base for the device and 8/20 Aluminum walls
mounted to it. The handles were drilled in and screwed in place, where the hooks were attached
both sides of the wall. The walls were cut into the dimension wanted at store for them to be
screwed together to form the corner. The bottom surface of the device was covered with rubber
in order to hold the device in place when in use. As for the box itself, we had it done in two
pieces. The inside part acted as a compartment for all the electrical components, as the top part
was finished with veneer and slides from the top to cover the housing. The screws on the box
have two uses, to keep both parts of the box attached and to hang the strings to.

7.1.1 LASER SHOOTING TO CALCULATE DISTANCE

At first, we thought of using a laser beam that shoots to the walls and measure the distance
displaced. The issue with that is that if the student only used one spring and moved in both the X
and Y directions, the box will rotate in an angle that will cause inaccuracies in the data. Instead
we decided to use an optical mouse to measure the distance, the first trial took thousands of data
points every second, but gave an output of 0’s. We switched the mouse and the orientation in
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hopes of getting actual data. After running some test, it shows that it’s giving values of 1’s but
not actual movements.

7.1.2 EXPORT DATA TO EXCEL

There’s a high chance it’s an issue with the code, but there’s a slight chance it's the mouse itself
that needs replacing. The team is determined to figure this slight issue given the time frame in
hand. Once the code part is done, then we can move on forward to using LabVIEW as a side
program that will help export the data into an excel file. From there, it would be easy for students
to generate graphs as a class assignment. Another program can be used to read data and graph
them simultaneously.

7.1.3 CALIBRATE THE WEIGHT SENSORS

As for the weight sensors, they’re attached to the hooks and were calibrated using a known
value. The team has tested other known weights to test the accuracy, were it showed to be highly
accurate thanks to the amplifiers used to enhance the signal transferred from the weigh sensors.
With that, it concludes all the manufacturing and testing done until now hoping the next testing
will accomplish the task needed.

7.2 DESIGN CHANGES

The design has entirely changed in terms of the electrical components and the connections. The
output collected is change now as we need the both coordinates to be measured at the same time.
However, the overall design manufacturing stays the same. In this section we will be going
through all the design changes, sensors connection, improvements, final design chosen, what’s
the problems that was facing the team when dealing with the Arduino parts, and what we are
planning to do from now until the testing proof date.

7.2.1 SENSORS CHANGED

The team has changed probably most of the sensors chosen in ME476C. What we found out now
after we been through the manufacturing is totally different from what we were expecting when
chosen each sensor last semester. The overall design manufacturing in terms of the walls and the
base shape stays the same, however we changed the BMP180, LM393, and the force gauge and
replace them with Electronic Weight Sensor, HX711 Weighing Sensors 24bit, and ANDS-3050
optical mouse sensors. We did that changes in purpose, for example the most of the force gauges
we found are expensive and it’s very hard to wire them directly to the Arduino. Also, when the
team met with the client last time, she was looking when see the plots to have both forces and
distance added up at the same graph. As the team was planning to graph each coordinate by
itself, now we need to generate a graph that gather both forces and distance at the same time.

7.2.2 ELECTRONIC WEIGHT SENSOR LOAD CELL
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Instead of using a force gauge to calculate the force exerted by the student, now we are using 2
weighting sensors each coordinate has one. We drilled the outer hooks in the middle of the
weight sensor and we placed it in away whenever the student pulls or push the box it will
immediate read the force. They work by calculating each side of the wall and then take the
average for both forces and have one accurate force.

7.2.3 ANDS-3050 OPTICAL MOUSE SENSORS

Furthermore, instead of use BMP180 & LM393 together, the team decided to use a PS2 Optical
mouse and those stands for “Personal System/2”. Those also called gaming mouse, where people
using them to play games with computer. They know as an efficiency mouse for gaming as it’s
so fast and the chance of getting error with those are really low. what interesting with those mice
they took thousands of pictures while the mouse moves every and each second. The principle of
those mice are made to be work in both coordinates at the same time and they can be directly
wired to the Arduino and this is what we are looking for in terms of the new data collected. The
team was able to find some written codes online for some people used in other projects and this
is the reason why did we chose that PS2 mouse is because we did find many sources that has a
direct wire codes for PS2 to the Arduino.

7.2.4 HX711 WEIGHING SENSORS 24BIT

HX711 weighing sensor is like the second board where all the wires connect to gather and it give
more efficiency and accuracy for the reading force. There also will be a linear actuator to help
amplifier signals. All those components will take a part in our electrical connection and the
figure 24 below will show all the connections goes inside the box.

Figure 24: sensors connection inside the box

The potential resistors (Weighting sensors) will be mounted in the center on the box, where the
sensor of the mouse will be located at the bottom of the box. It will take multiple images of the
surface of the device and measure the displacement accurately. Both sensors will be connected to
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the Arduino board and programed to generate Force Vs. Displacement graphs. In figure 25, 26
respectively will show the weighting sensors and the PS/2 mouse.

Figure 25: Electronic Weighing Sensors

Figure 26: Optical PS2 mouse

7.2.5 IMPROVEMENT

We did a really good job with enhancing our design and improving it to make it meet both
customer and Engineering requirements. The team has cut down the system size from rectangular
to a square shape as we don’t need that space and to make it light as possible as we can. We did
add handle for the both Aluminum side to make the design easy to carry as that very major to the
customer requirements, because we just need one person to be able to carry it with no other help.
Rubber sheet added to the bottom of the base to prevent the system from moving when it’s over
the table top. Furthermore, group members have added hooks in each side of the box as well as
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have some fixed at the aluminum. In this way, we will make it easy for the students to switch
around springs that will make it adjustable when the graph showing weird plot. The box that hold
all the sensors connection was covered with a high-quality material that material is used almost
with Jewelry. The edges are very sharp for the aluminum as well as the edges for the wood base,
so we tried our best to cover those edges with wood filler, so it doesn’t hurt anyone when hold
the design and give it a great finish for the overall project. Below will see the figures from 27 to
32 with all the improvements happened with the system.

Figure 27: Handles added to the design to make it portable

Figure 28: Rubber sheet added to the bottom of the base
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Figure 29: Cutting the size down to a square

Figure 30: Cover the edges and sides for high quality finish
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Figure 31: The initial setup for the box before cover it

Figure 32: The box cover with high quality material called “Veneer”
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7.2.6 FINAL SYSTEM

The team tried very hard to ensure that the final design has met all the customer and engineering
requirements. We did add a fabrication sheet in the top of the base to give it a perfect sliding
frictional surfaces. All the sensors connection goes inside the box and we placed the Arduino in a
position where it will be easy to plug the USB wire which will be connected directly to the
laptop. The box was covered by a material called veneer to help getting better frictional surface
as well as to give it a high-quality finish when look it it. We have box that gathering a multiple
spring where it is changeable and adjustable for the student when using the design. Blocks were
added to prevent errors when pushing or pushing the box. In figure 33 and 34 will show the top
and side views for the final design respectively. After that will list some advantages and
disadvantages for the final design.

Figure 33: Final system from the top shows all the springs and the blocks
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Figure 34: The side view of the system with the USB shown in the side of the box
Advantages
1- An accurate reading for the force applied in the system.
2-An accurate reading data for the displacement with the optical mouse.
3- Blocks added to the both outer springs to prevent errors.
Disadvantages

1-With the technology that the optical mouse has it will be hard to import data to excel without
having error.

2- Hard to hack into the mouse.
First setup

7.2.7 PROBLEM FOUND

When using the laser mouse, we found out that they are giving us an error each time moving
over the frictional surface we have. It gives some data but the reading wasn’t reasonable and
huge from what we expected. Furthermore, the team couldn’t find any written codes that can
linked directly to the Arduino with those laser mice. The group members did some research to
see if we can switch those to something can work with the Arduino and we did. We find a
mouse's that called PS/2 mice. There are some people have used those mice in other project and
they do work well with collecting the data. The team decided to use those instead of the normal
laser mice as we found similar codes that we can use for our project. We did all the connection

42



and when we run that through the Arduino, we found out that we are getting one’s and
sometimes zeros for the mouse reading itself without any reading for the weighing sensors. That
probably took 30sec to send the signals which supposed to be immediately. Moreover, the team
also find out when run the codes that the both orientation is negative and that’s not good since
we need them positive. The members think that because of the wires connection are wrong or
probably we switched some wrong places when connecting the mouse to the Arduino-UNO.

7.2.8 MOVING FORWARD ...

The team will try their bests to figure out what is the problem with the codes. We will do some
research to find other codes so we can try them and hopeful they will work. Members will try to
find codes that works for both weight sensors and the PS/2 compatible mouse to combine them
all together and get it work. As for now we just tested each sensor and they work well. We will
try to playing around the wires to connect the mouse other way with the wires to the Arduino to
get rid of the negative signs for the orientation. Having the right codes for the mouse see we
don’t get the ones anymore. Last but not least, we will go through the LabVIEW data
programming to export all the readings from the Arduino to either Excel or MATLAB. We will
stick with the one that is easy to graph for us. What we really like about Excel is that they graph
the real-life graphs so it will make more sense. Hopefully, we can get everything done before the
testing proof date. Below in figure 35 will show all the connection setup for the sensors.

Figure 35: Connection setup for the weight sensor and the Arduino-UNO
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9. APPENDICES

9.1: APPENDIX A: HOUSE OF QUALITY
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Customer Requirement = | 38 = c| =S = > | a a|l o| a| x =
1. Easy to be stored in an office 10 9 3 1 9 3 9
2. Visable from a distance 4 1 1 3 9 9
3. Desktop sized 8 9 3 3 3 3 3
4. Various types of spring 1 3 3 3 9
5. Portable 9 3 9 3 3 3
6. Easy to carry 6 3 9 1 3 1 3
7. Generate different types of graphs 7 9 9 9 9
8. Module built 3 3 9 g 9 3 1 9 9 1
9. x&y displacment 5 9 9 9] 9 3 3 3
10. Friction surface 2 9 3
Absolute Technical Importance (ATI) 211 189 27| 108 75 95| 75| 99| 78| 198| 51 93| 150( 198
Relative Technical Importance (RTI) 1 3 12 5 10 7] 10 6 9 2] 11 8 4 2
Target ER values 25"x25" [40 Ibs |any -1 1/1m 5m 1m |3ft [10N [4"x4" |1 ft |2 yrs|max |8 Ibs

Tolerances of Ers

Testing Procedure (TP#)




9.2 APPENDIX B: BOM

Parth  Partname Qy
L StinessSee
11 Auino
31 Subragraha
41 TheHilman Group
5. ultrasoni
6.1 Metric
11 Degraw
81 Keyestudio
9.1 Hietgonano
101 Elegoo
111 programming for arduino

101 swordfish

Description
10 Screw Hook Bol crew Rings witha Round Screw Hook Lengthened Screw
1 distance measument modue
1 sensorshield V5.0 Aruino Genuino
195 Sl Machine S with Nuts Assortment
5 SensorDistance Module
100 M e Nut 304 stanless
4 Toad cellto provide s, accuratefoce measurements
1 Al bevegn exemalpover suppyand on-oats poveriply.
1 drawoutthedigtal
1 superstarter kit
L startingketches
200 extended compressed springs pes

total stmate coast: §153.6

Functions
toholditems
ataofforce
board forarduino
serews
arduinonanorobot
fobol
cellforarduing
formotor suppy fo arduing
arduinonanorobot
tutrfal o arduino
192 pages

(asekit

Materia
steel

plastic
slcon

seel

plastic

steel fatener
Measurment
Measurment
convenient and comnection
plastc
aper

steel

Dimenstions

Ax4x02 inches

1 mm high, 34 mm wide, 4 mm long
23x21 x08 nches

ATx3 808 inches

8,3 5,5 2inches ; 1.2 pounds

59 0.3 x 89 nches

82x42x1.2inches




9.3 APPENDIX C: GANTT CHART FOR THE SECOND SEMESTER.

Task Name Start Finish Jan 14 Jan 21 Jan 28 Feb 4

SMTWTFSSMTWTFSSMTWTEFSSMTWTEFS

1 Project Duration 011518 04/30/18
2 st Staff Meeting 0115118 01/15118
3 Individual Post Mortem 011518 01/16/18
4 | Hardware Review 1 0115118 02/05118
5 Peer Evaluation 02112118 02112118
6 | Individual Analysis Il 0220118 02/26/18 i H |

7" Hardware Review 2 02/26/18 03/05/18
8 | Midpoint Report and Peer Eval 2 03/05/18 03/12/18
9 | Staff Meetings Spring Break 03/26118 03/26/18
107 Draft of Poster and Op/Assem M ' 03/26/18 04/02/18
11 | Final Product Testing Proof 04/02/18 04/09/118
12" Poster and Op/Assem Manual duc  03/26/18 04/16/18
13 | Final Report and CAD package di  04/16/18 04/30118
14" PeerEval 3 due 051118 05/11/18




