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PART I. Virtual Model — Accuracy & Precision

The Virtual model that I am using for the “Arms Race” competition is called:

“Sam Hutchins arm 12”

This graph shows my model’s output speculations:

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225mm 2250 mm
Arm Angle 45 deg 65 deg 65.0 deg
Forearm Length ’ 200 mm 250 mm 250.0 mm
Pullback Angle - 85 deg 85.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 58.5 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 1373.2 mm
Number of Rubber Bands - 3 3

My competition results are listed below: This is my Final Model:

Sam Hutchins arm 12 %
Hebron MS
Target Range 7.50
Actual Range 750m - || 7

Distance (Miss)
Specifications

0.00m ,v,)
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PART II Design Evolution

Model 1: “Sam Hutchins arm”

For this model I really did not know what 1
was doing. It was sort of my “mess up model”. I say
this because I did not quite understand what
everything meant and did this caused many issues.
This one Mistake allowed me to be able to make

better designs in the future. = | || =y gt Erreet
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In the competition the ball went .5 meters and s ko j#/F
it missed by 7 meters rfay i !

As you can see on the diagra That I Iéss
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Kinetic Energy than Potential Energ“y’(avhich
1s not good because you want the most kinetic
energy because it makes the “arm” faster
when it is released.
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Also, there is not much kinetic energy
for the ball.

What I want to do is make The Kinetic
Energy more than Potential energy in my next design. /

Design outputs:

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 185.0 mm
Arm Angle 45 deg 65 deg 60.0 deg
Forearm Length 200 mm 250 mm 2350 mm
Pullback Angle - 85 deg 45.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 35.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 80.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 55.0 mm
Arm Bicep Handle Offset 15 mm 80 mm 40.0 mm
Total Material Length - 2000 1263.2 mm
Number of Rubber Bands - 3 2




Model 2: “Sam Hutchins arm 4”
N

By this time [ had become very frustrated on how
to make the model hit the target. I thought and
wondered if [ had put all of the numbers in the
middle of the minimum and maximum amounts it
would be just right. As I had been before, I was
wrong. Even though it did not hit the target it
increased (this happened in my 3" model).

In this model for example I increased my arm length as well as the Forearm length.
I also decreased my arm angle to by 5 degrees. o

onservation of Energy

The model went 1.71 meters and
. missed by 5.79 meters. This model
Hin i went 1.22 meters more than my first
il model. This showed me that the part I
changed should keep the number I
have it at

FRajceine: Metion . The velocity for my arm has increased
but not by much. I need to create more
Kinetic energy.
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Design outputs:

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 220.0 mm
Arm Angle : 45 deg 65 dey 55.0 deg
Forearm Length 200 mm 250 mm 2450 mm
Pullback Angle - 85 deg 68.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 35.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 88.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 55.0 mm
Arm Bicep Handle Offset 15 mm 50 mm 45.0 mm
Total Material Length - 2000 13532 mm
Number of Rubber Bands - 3 2




Model 3: “Sam Hutchins 8 arm”

I

But, in model 6 and 7 I had gone through and maxed all
of the measurements and then decreased and based on
how far it went I would put the best number that I had
tested. This is what I was doing with the Forearm in this
situation.

In this model the ball went 1.71 meters and missed 5.79 meters. This shows me that

-‘ z I should most likely max it out so maybe it would
go farther. This also indicates that the forearm is
not the problem.

Now there is a lot more Kinetic energy that will
make the ball go farther when it is thrown.

Now I will keep going up at little bits and decreasing by little amounts until T get to
hit the target at 7.5 meters. Ty V‘fj%-h Rer'.f—w fiows alecto
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Design outputs:

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 220.0 mm
Arm Angle 45 deg 65 deg 55.0 deg
Forearmn Length 200 mm 250 mm 220.0 mm
Pullback Angle - 85 deg 68.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 35.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 88.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 55.0 mm
Arm Bicep Handle Offset 15 mm 6% mm 45.0 mm
Total Material Length - 2000 1303.2 mm
Number of Rubber Bands .. 3 2

| This model I decreased the forearm by 25 millimeters.” 7'
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Model 4: “Sam Hutchins arm 127

This model which is my final model hit
& the target at 7.5 Meters. In this model I
had maxed the Arm length as well as
making the arm angle maximum. Also I
maxed the forearm length and the
Forearm angle. This and a few other
factors allowed the arm to hit the target.

The ball hit the target dead on and did not miss at all.

Conservation of Energy

Now my Launch angle has
increased as well as my initial
velocity this allowed me Kinetic
energy to increase and allowed the
ball to hit the target. /

Design outputs:

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 2250 mm
Arm Angle 45 deg 65 deg 65.0 deg
Forearm Length 200 mm 250 mm 250.0 mm
Pullback Angle - 85 deg 85.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 585 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 13732 mm
Number of Rubber Bands - 3 3
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VII. Refinement of Model:

Throughout the project I have done many modifications to the model of the arm. For
example [ have changed the number of rubber bands on the tricep and bicep as well as changing
the size of the rubber bands, I also have changed the pullback angle and the arm angle. A

Change 1:

The first modification I made was, changing the amount of rubber bands from two being on the
tricep to three being on the tricep and having no bicep muscle. I did this because I was not hitting
the target and I figured if I put more force going forward than the ball would go further. I did that
and that what led to mybicep breaking so many times because there was no force stopping the
tricep and the rod kept hitting the wood and it broke. ./

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 2250 mm
Arm Angle 45 deg 65 deg 65.0 deg
Forearm Length 200 rmm 250 mm 250.0 mm
Pullback Angle - 85 deg 85.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearnm Bicep Handle Offset 15 mm 60 mm 58.5 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 1373.2 mm
Nurmber of Rubber Bands - 3 4

(I could not set the bicep rubber band to zero that is why it says there are 4 rubber bands.) y

\ This is a picture of the model online without any bicep rubber
. bands and only tricep rubber bands.

After a few more tests with the rubber bands like this I decided to
take them off and have the rubber bands like they were because
when they were like this they kept breaking the model.




Change 2:

After the previous change were I put three tricep rubber bands on I decided to change the size of
the rubber bands. | had learned from my last mistake that [ needed a bicep rubber band so 1
doubled a 30 rubber band (the smallest) and put it as the bicep so it would surely it would not
break again. Then I doubled two 33 rubber bands and put them on as the triceps. This allowed
my model to go farther than it had gone before but it did not hit the target. It missed by 1 meter. *

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 2250 mm
Arm Angle 45 deg 65 deg 65.0 deg
Forsarm Length 200 mm 250 mm 250.0 mm
Pullback Angle - 85 deg 95.1 deg
Forearm Tricep Handle Offset 15 mm 40 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 585 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 13732 mm
Number of Rubber Bands - 3 3

(For some reason the angle on the virtual design went up 10 degrees.)

P This shows a picture of the model with 1 bicep rubber band that is 30
and 2 tricep rubber bands that are 33.

[ had no problems with this model other than it not hitting the target.



Change 3:

[ then asked Mr. Franklin if we could have our our arm angle longer than the virtual design said
it could be he said it was all right so I then thought about changing the the arm angle thinking it
would go all the way. I thought it would hit the target so I did and all it did was go up really high
and come straight back down and hit hardly went anywhere. It only went 1.5 meters and it was a

bust. (Tanke wh?, -H/;u/ ye8tricked v/ )
Design Inputs | Minimum Maximum Designed
Arm Langth 150 mm 225 mm 2250 mm
Arm Angle 45 deg 65 deg 30.0 deg
Forearm Length 200 mm 250 mm 250.0 mm
Fulback Angle - 85 deg 80.6 deg
Forearm Tricep Handle Offset 15 mm 40 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearm Bicep Handle Offset 15 mm 50 mm 585 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 1373.2 mm
Number of Rubber Bands ' - 3 3

4\‘ This is a picture of the model arm angle all the way (30
degree).

I had no problem with this model other than it had a
huge parabola but it hardly went any distance.

71




Final model change:

For my final model I had a pullback of 75 degrees and an arm angle of 45 degrees. This is the
best change I made because it is more consistent and it always is really close to the target I have

to shoot. ‘/

Design Inputs Minimum Maximum Designed
Arm Length 150 mm 225 mm 2250 mm
Arm Angle 45 deg 65 deg 45.0 deg
Forearm Length 200 mm 250 mm 250.0 mm
Pullback Angle - 85 deg 75.0 deg
Forearm Tricep Handle Offset 15 mm 44 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 58.5 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 1373.2 mm
Number of Rubber Bands - 3 3

This is a picture of the final model that I have.

k This is the best model that I have and it has zero
problems besides it does not hit 7.5 meters exactly.




VIII. Ballistics Predictions:

These are my final models outputs:

Design Inputs ) Minimum Maximum Designed
Arm Length 150 mm 225 mm 2250 mm
Arm Angle 45 deg 65 deg 65.0 deg
Forearm Length 200 mm 250 mm 250.0 mm
Pullback Angle - 85 deg 85.0 deg
Forearm Tricep Handle Offset 15 mm 40 mm 40.0 mm
Arm Tricep Handle Offset 30 mm 100 mm 100.0 mm
Forearm Bicep Handle Offset 15 mm 60 mm 58.5 mm
Arm Bicep Handle Offset 15 mm 60 mm 20.0 mm
Total Material Length - 2000 1373.2 mm
Number of Rubber Bands - 3 3
Projectile:

Practice (does not count): 7.00 Meters

Test 1: 7.25 Meters
Test 2: 7.45Meters /@\U\}V\S
\
e Ty \
Test 3: 7.35 Meters onst?

Average: 7.35 Meters

I can tell from these test that I am not consistent but it is good enough for the
actual test. If I were to get one of these numbers in the actual trajectory test I
would get full points. So I can conclude, even though I did not hit the target I will
succeed on the test.
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X. Post Analysis & Reflection:

Throughout the construction and planning of my “Arm” there were many difficulties
including the arm breaking during testing, cutting the wood in incorrect places, and the design
not hitting the target. Also, there were occasions when the ball did not come close to hitting the
target because of air resistance of the ball or the rubber bands not having enough tension to allow
the ball to go farther. In the design stages I would have too much potential energy as opposed to
kinetic energy. These are some of the few problems I came across in the designing, construction,
and testing for my “Prosthetic Arm”.

When I had started the design of my “Arm” I really did not know what was what and
what it did. This led to my first mistake because I thought I had went 7.5 Meters (which is how
far I had to throwgh the ball) hut it was actually the opponent that went against me. By this time I
had already started building my arm and had started building the bicep. Once I had realized this
it was too late I had already drilled the holes and the only thing I could do was go back to the
designing stage and make the ball hit 7.5 meters.

After I had Perfected my online design it was back to building. Since I had only had
limited pieces of wood I had to make do of what I had and what I had to do was use the piece of
wood T had (thankfully they were the same size in length) already drilled the holes in for my
bicep. Everything was working out all my ﬁlholes were not close to the ones I had already drilled
but one. They were 5 centimeters away from each other and I feared that when I drilled the new
hole the wood would crack between the two holes. I drilled it anyways, and what happens?it
cracks. I was trying to find a solution and Mr. Franklin suggested that I put glue in the Whole that

I did not use. So I took his advice and I did that. It worked! Aok Ml Bl oo P S ‘“"jfy

The next challenge that I faced was my bicep (on my “arm”) braking 3 times. The first
time it had happened I just made a new one, the second time I glued it back together, “he third
time that it had happened I realized that the metal piece, where the triceps rubber bands
connected, was bashing into the bicep. What I did was make the metal piece shorter. This would
allow the metal piece not to hit the bicep. Another incident was when the base, which acted like
the shoulder, the wing nut, which held the bicep on the base, had worn its way through the piece
of wood. This time I just made another base.

If the physical design does not match the virtual design perfectly then it would not have
the same outcome because H the virtual design the conditions are most likely no wind or not
precipitation. When we are at school there will be air conditioning and it could factor in to where
the ball will go. Also, if your holes in your arm are off a little bit to it “identical” piece the metal
rod will be slanted. Some concepts one can learn from this is that to always check multiple times
that you are correct before you do somethingvLook at my example, I thought my ball had hit 7.5
meters but actually I did not read it correctly. Also, someone can learn how to learn from their
mistakes because through the mistakes that [ had made I was able to fix my problems. For
example, my arm’s bicep kept braking in the same place and I realized that the metal rod was
hitting it.

Through my mistakes I was able to create my prosthetic arm prototype.
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XII. Lever Identification:

In the model of my “Arm” there are two levers each a different class of lever. There are
three classes of levers and each consist of a fulcrum, load, and a effort. The fulcrum is the point
where the lever rests or pivots. The load is the weight that the lever is moving and uses the effort
and the fulcrum to move it. The effort is the point where the lever is given energy and creates it
to move. /

So the one of the levers found in the arm/prototype is a third class lever and that is a lever
that has the fulcrum on the opposite end of the load and the effort in the middle of the two. I
know that from the base/shoulder, of the arm/prototype, to the forearm that the shoulder is the
fulerum, the tricep rubber bands are the effort and the forearm is the load. Even though there is
one lever in the arm it does not mean that there is not another one at work.

The second lever is a first class lever. A first class lever is like a seesaw and it has a
fulcrum in the middle and the load on one side as well as the effort on the other side. I know that
this is a first class lever because at the end of the bicep there is a hole and you had to put a crew
in it to keep it attached. This would make it the pivot point because it is also the resting point.
The effort is at the one of the ends and I know that it is the effort because it is creating tension
and allowing the load to propel. At the opposite end of the effort there is the load, which is the
Ping-Pong ball, and it is the load because it is the weight the effort is moving.

F iyt Cowss
(Cood lml@?zt"“j

In conclusion, there are two levers in the prototype. A third class lever and a first class
lever. Each of these levers consist of a fulcrum, load, and effort. Without these simple machines
the ball would not go anywhere and stay in the arms hand. These are the levers within the
prototype of the arm I had constructed.



An object can store energy as the result of its position.
For example, a pendulum at its maximum height stores energy
as a result of its elevated position. When in this elevated
position, the stored energy is referred to as potential energy
because the pendulum has the potential to do work. Another
form of potential energy is elastic potential energy where
energy is stored by the stretching or compressing of elastic
~ materials. In the prosthetic arm, the pulling back motion adds
energy to the rubber band. The energy is then stored in the
stretched rubber band until the arm is released. The work done
by the rubber bands (muscles) is equal to the change in
potential energy between the pullback and launch position.

Work = PE, - PE

In general, the potential energy of a spring is:

1
=—kx?
PE 2kx

Where k is a spring constant associated with the rubber
band and x is the stretched length of the rubber band
minus the relaxed length of the rubber band.

We can also add a variable N to the equation
to accommodate more than one rubber band:

PEa-;-kaz

Using the values in the table, the potential energy stored in the
triceps muscle at the pullback position is calculated as follows.

PE‘,:-;-* 1+ 35.0 * 0.0359% = 0.02 joules

Since the triceps and biceps muscles oppose one another, the
total potential energy at the pullback position is the potential
energy of the triceps muscle minus the potential energy of the
biceps muscle. Since the biceps muscle is loose at the
pullback position, its potential energy is zero. So the total
potential energy at the pullback position is just that of the
triceps muscle.

PEanb«ck = PE; — PEy = 0.02 — 0.0 = 0.02 Joules

At the launch position (or just a moment before launch), both
the triceps and biceps muscles are loose. Therefore, there is
no potential energy in the
system at the launch position.

PEyunc » = PE; — PE, = 0.0 - 0.0 = 0.0 Joules

And the total work done by the muscles between
the pullback and launch position is therefore
calculated as follows:

Work = PEypack = PEtgunc n = 0.02 — 0.0 = 0.02 Joules

Potential Energy & Work

Calculate the work done by your prosthetic arm and
the potential energy of the bicep and tricep muscles
by referencing the information on the left.

Be sure to show your math.

i‘“\\@? i
%= S\ech @ - re\ oxeq

X_", * :{" - 3 / v-\n

PE = N YL 77
PE - (&) (38)- (o §
PE = .07 owles
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All moving objects have kinetic energy. Just like potential
energy, there are many forms of kinetic energy like vibrational
(the energy due to vibraticnal motion), rotational (the energy
due to rotational motion), and translation (the energy due to
movement along a straight line). For our prosthetic arm, the
work done by the rubber bands will cause the forearm and ball
to move. Thus these two components will have kinetic energy.

The kinetic energy of the ball with mass m and velocity v is
defined as:

1
KE= Emvz

The prosthetic arm also has kinetic energy and we should
actually take this into account. However, to simplify the
problem we will neglect the kinetic energy associated with the
rotating arm and assume that all of the system’s kinetic energy
is from the ball. Thus, we will assume that the total kinetic
energy in the system at a given time is as follows:

KE = %ml?z

As before, we need to calculate the kinetic eneray in the
system at the pullback position and the launch position. At the
pullback position (just before the arm is released) the ball and
forearm are motionless (or velocity is zero). Thus, there is no

kinetic energy in the system ai the pullback position.

KEpunipack = 0.0 foules

At the launch position, the ball and forearm are moving, so
some of the system’s energy is in the form of kinetic energy.
And since we know that this total kinetic energy is equal to the
work done by the rubber bands, we can utilize the following
formula:

Work = KE — KE;

Since the initial (pullback) kinetic energy is zero, this formula
reduces to the following:

: 1
Work = -i-mvz

In other words, the work done by the rubber bands is equal to
the totai kinetic energy in the system. Energy is conserved.

Now rearrangie the terms to isolate velocity:

2* Work
m

We have already calculated the work done by the rubber

bands and the mass (m) of the ball'is given. So we can now

calculate the velocity of the ball when it leaves the hand.

_ j2=Work  12x0.02
- m .‘J 0.00175

v=478m/s

Kinetic Energy & Velocity

- Calculate the work done by your prosthetic arm and

the potential energy of the bicep and tricep muscles
by referencing the information on the left.
Be sure to show your math
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