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2. Summary Page:
Isometric View of Assembly

Prototype 1

Description:
Our second gripper design consists of a stationary aluminum bifork with two tines connected by an

acrylic strut and a rotating acrylic unifork pinned to a shaft that is turned by our gear system. We changed
from acrylic to aluminum bifork which allowed us to thread the holes for the screws and eliminated the
potential to crack when tightening the screw. The strut connects the two tines, preventing them from
spreading apart and unscrewing from the mounting screws. The end of the unifork is designed to have one
small, flat contact point with the pokeball at the equator unlike the first prototype which extends below
the equator. This prevents upward push against the pokeball. A small strip of non-slip material is attached
to the ends of the bifork tines and the unifork, at the contact points with the pokeball, in order to increase
friction. This replaced the sponge from our first prototype for higher friction and neater appearance. The
steel shaft is supported by two metal bearings encased in acrylic housings that also screw into the
pegboard. At the end of the shaft is a two inch, aluminum gear that is turned by a half inch gear which sits
on an aluminum shaft reducer. The shaft reducer is in turn attached to the drive shaft of the wrist
assembly. We eliminated one of two sets of gears from the first prototype because we had initially
overestimated the required torque. Components that undergo high stresses and/or require high precision
such as the gears and biforks are made of aluminum, which is strong, but relatively light. Other
components like the unifork, strut, and bearing housings were laser cut from acrylic for lower mass. We
also got rid of the base plate to reduce mass.
Peak Force in Vertical Direction:

F=91b (see page 23)
Factor of Safety With Respect to Dropping the Object:

FOS = 1.667 (see page 29)
Factor of Safety With Respect to Component Failure

FOS = 2.7 (see page 27)
Weakest Link Guess:
The weakest link is our unifork as the acrylic is brittle and subject to stress concentrations at the pin hole

and contact with the robotic wrist, where it will likely break if the motor is left in reverse long enough.
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Model name:Unifork
Study name:static 3 Default)
Plat type: Static nodal stress Stressl

wan Mises [psi]
2.493e+003
2.292e+003
L 2.085e+003
- 1878+ 003
_ LE71ex003
_ Ldgdes003
1.257e+003
1.050e+003
L 8.4350+002
_ 6.365e4002
2.296e+002
2.227e+ 002
1.576e+001

— Yield strength: 6,527e+003

SOLIDWORKS Educational Product. For Instructional Use Only.

Model name:Unifork
Study name Static 3 Default.]

Plot type: Factor of Safety Factor of Safety1
Criterion : Automatic

Factor of safety distribution: Min FOS = 2.6

41434002
380084002
34564002

| 3d13e+002

_ 277024002

L 242724002
20844002

L 17414002

| 1398e+002

_ 1055e+002

_ 7122e+001
369284001

261284000

SOLIDWORKS Educational Product. For Instructional Use Only.
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Model name:RotaryArm

Study name;Static 2(-Default]

Plot type: Static nodal stress Stress1
Deformation scale: 25,9417

Mode! nam e Rataryarm
Studdy nameiStatic 1 Default)

Plat fype: Static nodal stress Stresst
Deformation scale: 1

SOl

LIDWORKS Educational Product. For Instructiona

25

Educational Product. For Instructional Use Only.

Use Only.

wvon Mises [psi]

L 1217e+003
- L096e+003
_ 9.743e+002
_ 8.530e+002
| 6.102e+002
- 3.67T5e+002

2.461e+002

— Vield strength: §.527e+ 003

o Mises (p3i)
6.084e+003
5.577e+003

L 507184003
. 456424003
. 405724003
. 355084003
[ oseco0s
| 2537e+003
L 203084003
. 152484003
L017e+003
5.104e+002
3.689e+000

— Yield strengths 6,527e+003



Model name:Bifark_Hors-Stress
Study name:Static 3(-Default:)

Plot type: Static nodal stress Stressl
Deformation scale; 1

von Mises psi)
1016+004

_ #.4fde+003

_ T6l8e+003

_ 6771e+003

5.925e+003

. 5.079e+003
| 423204003

L 3.386e+003

_ 2540e+003
169364003
8.469e+002
5.297e-001

— B Vield strength: 6,527e+003

SOLIDWORKS Educational Product. ForInstructional Use Only.

Model nameBifork_Hors-Stress
Study name:Static 2 Default-]

Plat type: Factor of Safety Factor of Safetyl
Criterion ; Automatic

Factor of safety distribution: Min FOS = 064

L000e+ D01
9,203+ 000
8,417+ 000
7.625e+ 000
L 6.633e+000

_ 6.042e+000
‘ 5,250+ 000
_ 4.458e+000
3.667e+000

_ 2.875e+000

_ 2.083e+000
1,292+ 000

5.000e-001

SOLIDWORKS Educational Product. For Instructional Use Only.
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Model name: Bifork_Aluminum

Study name Static 3(-Default]

Plot bype: Factor of § afety Factor of § afetyl
Criterion : Autom atic

Factor of safety digribution: MinFOS5 = 5.8

1.595e+004

1462e+004

1.329e+004

_ 1196e+004

_ L0G3e+004

. 5.304e+003

.~ 7.976e+003

- B.64Be+003

~ 5.319e+003
- 3.991e+003

2.663+003

l 1.334e+003
5.830e+000

Model name:Rotarerm_Final

Study name: Stati c 4[-De fault-]

Plat type: Factar of Safety Factar of S afetyl
Critefion : Automatic

Factor of safety distribution: Min FOS = 2.7

1.190e+003

1.091e+003

9.925e+002
- 8.935e+002
_ 7.945e+002
_ 6.956e+002
- 5.966e+002
_ 4.976e+002
_ 3.986e+002
- 2.997e+002

_ 2.007e+002

l 1.017e+002
2,739+ 000
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4. Simple Modeling of Candidate Designs
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5. Material Selection

We decided to manufacture our components out of either aluminum or acrylic since they
are some of the most common materials available. From the material indices calculated on page
65, aluminum has the highest index of 326,410 and acrylic has the lowest index of 44,958. We
used aluminum for components that require high performances and acrylic for components that
don’t require high performance to reduce mass.

Acrylic Strut:

Since the acrylic strut was a last minute part and does not undergo high stresses, we chose to laser
cut the part out of acrylic that was left over from other parts. The part is designed to simply prevent slight
twisting/unscrewing of the bifork.

Bifork:

The stationary supports were machined from aluminum after joining difficulties with laser cut
acrylic parts. These were machined by a friend of a group member, with CNC machining ability, from
scrap aluminum. Aluminum was selected as it has the highest material index and is a low mass metal but
capable of being threaded to receive a screw to allow for easy attachment.

Unifork:
Acrylic for the gripper was selected due to its ease of laser cutting for the organic curve and do to
a lack of CNC machining ability for the team. The material is low cost allowing for several prototypes.

Shaft Reducer:

The shaft reducer was based off a steel purchased design but was later machined in aluminum.
This saved weight due to aluminum’s density of 2.7 g/cm”3 versus steel’s density of 8.05 g/cm”3. Part
geometry is overengineered due to limitations in interfacing with other purchased parts.

Bearing Housing:

Acrylic was also used for the bearing housings, due to a lack of easily sourced properly sized
COtS parts, and low mass for a low stress part. Originally we used the aluminum bearing housings that
were part of the COtS, to fit our geometry requirements.

47



6. Detailed Model and Analysis of Final Design

Acrylic Strut:

An s inch thick acrylic strut connects the bifork tines. This strut connection prevents the
tines from spreading apart and twisting/unscrewing from the mounting screws. It also increases
the factor of safety of the bifork and help keep our pokeball in place by providing an extra
contact point.

The general shape of our strut was chosen to contour the spherical shape of the pokeball
that it needs to grip. The thickness of our strut was chosen based on hand calculations shown on
page 32.

The FEA done on this component involves fixing the regions where it connects with the
bifork with “fixed geometry” and applying a force perpendicular to its center region (where it
contacts the pokeball), thus simulating peak stress. We approximated the force to be 3 1bf
assuming that there are three contact points spreading the 9 1bf peak vertical force between the
bifork tines and the strut.

Isometric View

_ hotes for for
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Stress Analysis

Model nameBifork Stut
Study name: Static1 - Default.)

Plot type: Static nodal stress Stress1
D eformation scale: 59,5534

ti

Pty

|

— - Yiel

Material and Yield Strength: Acrylic, 6526.698195 psi

SOLY

IDWORKS Educational Product. For Instructional Use Only.

Component Mass: 2.07 grams
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6.124e+ 002
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S.418e+ 002
4.516e+002
3614+ 002
2713e+002
L811e+002
9.089¢+001
T.003-001
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Aluminum Bifork

The bifork is made of two individual tines. Its function is to provide a stationary contact
to fix the position of the pokeball with respect to the robotic wrist. Initially, we used acrylic to
manufacture the bifork, but it required the thickness to be at least %2 inch thick in order to drill
#18 size through-hole for the 8/32 screw, which unnecessarily increased the mass. Additionally,
the brittle acrylic cracked when it was screwed in too tight. Hence, we changed the material to
aluminum. Using aluminum allowed the bifork to be threaded for the screw, which in turn
allowed us to use the thinner 4/40 screw. Using 4/40 screw allowed us to design a thinner bifork,
which reduced the mass overall.

A strip of non-slip material is attached to the ends of the bifork to increase friction, which
prevents slippage on the pokeball.

The optimal dimensions of our bifork were calculated on pages 34-42 and using
MATLAB for optimization. (Note: This component is 0.05 inch thinner than the calculation due
to a manufacturing error during CNC routing) - please reference MATLAB section in “Suporting
Notes”.

The bifork tine was analyzed in CAD by fixing the threaded hole with “fixed geometry.”
We ran two simulations for each of the horizontal and vertical arm positions. We used downward
force at the contact point of the bifork for vertical arm position and normal force to the surface of
the contact plane for horizontal arm position, respectively. We approximated the force to be 9 1bf
to account for the fact that one of the tines may not contact with the pokeball due to the offset
center of mass while keeping high factor of safety.

Isometric View
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Stress Analysis

Model name: Bifork_&luminum
Study name Static 3[-Default]

Plot type: Static nodal stress Stressl
Deformation scale: 229285

von Mises [psi)
6,342+ 003
6.272+003

L 5.702e+003

. 5.132e+003

. 4.562e+003

. 3.992e+003

[ 3.422e+003
2.852e+003

L 2.282e+003

- 17ize+003
1142e+003
5.724e+002
2.501e+000

—Vield strength: 3.93%e+ 004

SOLIDWORKS Educational Product. For Instructional Use Only.

Madel nameBifork_Aluminum
Study nam e tatic 3-De fault)

Plot type Staticniodal stress Stressl
Defomnation scale: 13,4263

wan Mises [psi)
3.905¢+ 003
l 3,579+ 003
L 3.354es003

- 2.829-003

- 2503e+003

L 2.275e+ 003
P Lsssernos
L 1627e+003

L 130ze+m03

- 9783+ 002
6,510e=002
32566002
1705e-001

— Yield strength: 3,989+ 004

SOLIDWORKS Educational Product. For Instructional Use Only.

Material and Yield Strength: 6061 Aluminum, Yield Strength: 275000000.9 psi
Component Mass: 6.8641 grams
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Acrylic Unifork:

The function of the unifork in our design is to move and grip the ball when the motor is
activated and to keep it pressed against the bifork as the robotic arm experiences dynamic
motion.

The acrylic unifork was modified multiple times using CAD and FEA analysis. Further
along the design process, the unifork was modified to achieve many goals including: smaller
contact area, less weight, better contact angle, and better resistance to fracture. The final design
contacts the pokeball at its equator to avoid upward or downward push against the ball.

After the first design review, we modified our unifork to a shape that no longer contoured
that of the pokeball. We flattened the contact point of the unifork to reduce the contact area,
which increases the normal force due to the pokeball, thus maximizing friction.

One issue we had to cope with was that the unifork broke when the motor ran
continuously in reverse (ungripping/opening) due to bending stress from contacting the edge of
the robotic arm’s peg board. This was fixed by adding a radial offset from the axis of rotation
which reduced the bending stress by decreasing the length of the lever arm.

On our second iteration, we used 0.173” acrylic to manufacture the unifork. It was
subject to an unexpected bending that caused the part to fail. So we increased the thickness to
0.5 because that was the acrylic we had available.

The FEA simulation analysis and hand calculations are shown below (see below). We
fixed the hole of the unifork using “fixed geometry.” Similar to bifork, we approximated the
force to be 9 Ibf to account for the fact that one of the tines may not contact with the pokeball
due to the offset center of mass while keeping high factor of safety.

Isometric View
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Stress Analysis

Model nameRotaym_Final
Study name: Static 4{-De fault:)

Plot type: Static nodal stress Stress1
Defarmation scale:3.64093

Model name:RotaryArm_Final
Study name:Static 3(-Default)

Plot type: Static nodal stress Stress1
Defarmation scale: 1

'l

4

tructi

| Product.

Material and Yield Strength: Acrylic, 6526.698195 psi
Component Mass: 10.10 grams
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o Mises (ps))
3.958e+003

l 3.620e+ 003
L 3.299e+003

_ 2.969e+003

- 2.640e+003

. 2.310e+003

| 1980e+003
| L651es003
L 13214003
| 9.915e+002
6.619e+002
3.323e+002
263824000

— Yield strength: 6.527e+ 003



Acrylic Bearing Housings:

Our design has two individual bearing housings with the same dimensional parameters.
The bearing housings are used to hold the ball bearings in place. Through hand calculation, we
estimated the required thickness of the housings. In the Solidworks FEA, we fixed the screw
holes with “fixed geometry” and then applied a force vertically downward on the bearing
housing. We approximated the force to be 3 Ibf due to each contact point supporting 3 the load.

The designs of the acrylic bearing housings were modified and laser-cut multiple times to
meet the parameters of our redesigns and withstand the loadings and potential damage from
reconfiguration. The holes were laser-cut under-sized and reamed to press-fit diameters. Please
see the CAD profiles and parameters of the bearing housings shown below (see below).

Isometric View
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Stress Analysis

Mo el nam exbearin gHa usingTopp hew 1111y 2
Study nam e:Static 4f Default]

Plot type: Staticnodal stress Stressi
Deformation sale; 10

won Mises (ps)
3.164e+002
l 2.900e+002
L 2637es002

- 2373e+002

. 2109e+002

- LB46e+002
15826+ 002
1.318e+002

1,055+ 002

e

- T.91le+001

5.274e+001

2.638e+001

1.007e-002

— ¥ield strength: 3.118e+004

SOLIDWORKS Educational Product. For Instructional Use Only.

Material and Yield Strength: Acrylic, 6526.698195 psi
Component Mass: 6.62 grams
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Aluminum shaft reducer:

The purpose of our shaft reducer is to attach a gear with a 4 inch hole to the motor shatft.
The diameter of the motor shaft is too large for the gear.

In our first prototype, we used catolog steel shaft reducer. However, for the final design,
we manufactured the shaft reducer out of aluminum with the same radial dimensions, but a
shorter shaft length. This saved us approximately 5.5 grams in our overall gripper design.

A FEA analysis was done for torsion on this part. The hole where it connects to the motor
shaft was fixed with “fixed geometry” and a torsional force (equal to that of the motor) of 1.3
N-m was applied on the shaft reducer in the region where it contacts the attached gear.

Isometric View
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Stress Analysis

Model namesshaftReducer_Aluminum
Study nameiStatic 1f-Default]

Plat types Static nodal stress Stress1
Deformation scale: 1

van Mises (psi)
7.398e+003
5.7808+003

_ 6.1642+003

- 5.547e+003

. 4.831e+003

_ 4.315e+003

3.698e+003

. 3.082e+003
| 2.466e+003

_ 1843e+003

1233e+003
6,1652+002
1595e-001

— P Vield strength: 3.969e+ 004

Material and Yield Strength: 6061 Aluminum, 275000000.9 psi
Component Mass: 5.59 grams
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7. Catalog Component Selection

We decided to make our components from either aluminum, steel or acrylic which are
some of the most common materials found. From the material indices calculated on page 65,
aluminum has the highest index of 326,410 and then steel whose index is 56,381 and then acrylic
with an index of 44,958. For most of our small catalog components, such as screws, bearings,
and pins, we chose steel since these components required sufficient performance and, although
steel is dense, the components’ small sizes didn’t significantly affect the overall mass.

We purchased steel screws because screws are time consuming to manufacture and we
needed large quantity. We chose steel which has the second highest material index because our
bifork is aluminum and using aluminum screw could have caused galling, leading to friction
welded parts. Aluminum screws are also more expensive.

We purchased washers because they are time consuming to manufacture and we needed
large quantity. The washers were useful in increasing the space between the bifork and the peg
board and are of a softer material, which allows for greater tolerance in the tension in screw.

We purchased “non slip” Dycem because it would not have been possible for us to
manufacture it with the manufacturing tools available. We also picked it because it was an easy
way to increase the friction on the gripper.

We purchased the steel pin that attaches the unifork to the shaft because COtS pins are
extremely cheap.

We purchased the steel shaft of /4 diameter because it was the size that provided the
most optimal combination of precision and price. This size shaft was also easy to source
appropriately sized gears and bearings for without requiring additional machining. .

We purchased 2 steel ball bearings because they would be impossible to manufacture.

We purchased aluminum gears instead of laser-cutting acrylic gears because acrylic gears
have a tendency to have backlash - providing less efficiency. The gears include a small hub. This
hub increases the strength of the gear attachments by allowing for the use of a set screw, and
potentially a dowel pin/key. It also increases the contact area with the shaft and thus decreasing
the stress on the gear. Aluminum was selected for its high density to yield strength ratio, which is
required for high performance gears. Aluminums easy machinability also leads to low cost,
precision gears, compared to a stronger metal like steel.
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8. Engineering Drawings
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Aluminum Bifork
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e Acrylic Bearing Housing
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e Acrylic Unifork
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Aluminum Shaft Reducer
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Supporting Notes:
Iterative designs
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MATLAB

%% %% %% % Optimization for Initial State %% % %% %

% Written by Christine Amin & Esther Lim

%

% Goal: Find the optimal set of L,H,b,h that would give lowest mass
% Note: Link 1 indicates top half of gripper fork;

% Link 2 indicates bottom half of gripper fork;

% Material: acrylic

% Initial State = arm is vertical

%%% Dimensions
peg_dist = 0.5; % inches (distance between peg holes)
peg_diag = 0.7071; % inches (diagonal distance between peg holes)

%%% Constraints

% Unifork Side

F1 =9; % Ib (vertical position)

F2 =9/2 + 3; % Ib (horizontal position)

p = 0.3826; % inches

G = 1.185; % inches (gear region)

H = 3.25 - G; % inches (assuming contact point is center of pokeball)

% Acrylic Properties

rho = 0.04; % Ib/in*3 (density)

sigY = 10000; % psi

E =400000; % psi (elastic modulus)

r =1.75; % inches (radius of Pokeball)
C=1;
fos = 3;

% %% Find the lowest mass combination!
L1_values = []; % Initialize arrays of L1
L2 values = []; % Initialize arrays of L2
H1_values = []; % Initialize arrays of H1
H2_values = []; % Initialize arrays of H2
b_values =[]; % Initialize arrays of b
h1_values = []; % Initialize arrays of h1
h2_values = []; % Initialize arrays of h2
m_values = []; % Initialize arrays of m

n=10;
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b=0.5;

%%% Lower Link

th2 = pi/8; % radians

H2 =1.125; % inches

L2 = H2/cos(th2); % inches

%%% Upper Link

H1=H-H2;

d = L2*sin(th2) + .875 - .5;

th1 = atan2(L2*sin(th2)+1.3674,H1); % 1.3674 is the horizontal distance between the arm's
pivot point and the other end that pinches the ball

L1 = H1/cos(th1);

% When arm is in vertical position

% Find axial force on Links 1 and 2
Rx1v = F1*cos(th1);

Rx2v = F1*cos(th2);

% Find bending force on Links 1 and 2
Ry1v = F1*sin(th1);

Ry2v = F1*sin(th2);

% Solve for h1,h2

% a) Based on axial stress

h1av = ((12*fos*Rx1v*L12)/(C*pi*2*E*b)) (1/3);
h2av = ((12*fos*Rx2v*L2"2)/(C*pi*2*E*b))*(1/3);
% b) Based on bending stress

h1bv = sqrt(fos*6*Ry1v*L1/(sigY*b));

h2bv = sqrt(fos*6*Ry2v*L2/(sigY*b));

% When arm is in horizontal position
% Find axial force on Links 1 and 2
Rx1h = F2*sin(th1);

Rx2h = F2*sin(th2);

% Find bending force on Links 1 and 2
Ry1h = F2*cos(th1);

Ry2h = F2*cos(th2);

% Solve for h1,h2

% a) Based on axial stress
h1ah = (fos*Rx1h)/(sigY*b);
h2ah = (fos*Rx2h)/(sigY*b);
% b) Based on bending stress
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h1bh = sqrt((fos*6*Ry1h*L1)/(sigY*b));
h2bh = sqrt((fos*6*Ry2h*L2)/(sigY*b));

h11 = max(h1av,h1bv);
h12 = max(h1ah,h1bh);
h1 = max(h11,h12);
h21 = max(h2av,h2bv);
h22 = max(h2ah,h2bh);
h2 = max(h21,h22);

% Calculate mass
m1 = rho*b*h1*L1;
m2 = rho*b*h2*L2;
m = m1+m2;

% Record the values
L1_values(end+1) = L1;
L2 values(end+1) = L2;
H1_values(end+1) = H1;
H2_values(end+1) = H2;
h1_values(end+1) = h1;
h2_values(end+1) = h2;
b_values(end+1) = b;
m_values(end+1) = m;

% Get indices of lowest mass

[m,i] = min(m_values);

L1 = L1_values(i);

L2 = L2 _values(i);

H1 = H1_values(i);

H2 = H2_values(i);

b = b_values(i);

h1 = h1_values(i);

h2 = h2_values(i);

m = m*453.592; % convert Ib to grams

fprintf([\n\tL1 = %6.3f inches\n\tL2 = %6.3f inches\n\tH1 = %6.3f inches' ...

\n\tH2 = %6.3f inches\n\tb = %6.3f inches\n\th1 = %6.3f inches' ...
\n\th2 = %6.3f inches\n\tm = %6.3f grams\n'],L1,L2,H1,H2,b,h1,h2,m);
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%% %% %% % Optimization for Initial State %% % %% %

% Written by Christine Amin & Esther Lim

%

% Goal: Find the optimal set of L,H,b,h that would give lowest mass
% Note: Link 1 indicates top half of gripper fork;

% Link 2 indicates bottom half of gripper fork;

% Material: acrylic

% Initial State = arm is vertical

%%% Dimensions
peg_dist = 0.5; % inches (distance between peg holes)
peg_diag = 0.7071; % inches (diagonal distance between peg holes)

%%% Constraints

% Bifork Side

F1 =9/2; % Ib (vertical position)

F2 =(9/2 + 3)/2; % Ib (horizontal position)

p = 2*peg_diag;

H = 4.125; % inches (assuming contact point is halfway down the lower hemisphere)

% Aluminum Properties

rho = 0.0975; % Ib/in*3 (density)

sigY =40000; % psi

E = 10000000; % psi (elastic modulus)

r =1.75; % inches (radius of Pokeball)
C=1;
fos = 5;

%%% Find the lowest mass combination!
L1_values = []; % Initialize arrays of L1
L2 values = []; % Initialize arrays of L2
H1_values = []; % Initialize arrays of H1
H2_values = []; % Initialize arrays of H2
b_values = []; % Initialize arrays of b
h1_values = []; % Initialize arrays of h1
h2_values = []; % Initialize arrays of h2
m_values = []; % Initialize arrays of m

n=10;
b=0.2;
forb=>b

th2_min = deg2rad(18);
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th2_max = deg2rad(90);
for th2 = linspace(th2_min,th2_max,n)
L2_min = 0.875/cos(th2);
L2_max = min(H/cos(th2),4);
for L2 = linspace(L2_min,L2_max,n)
th1_min = 0;
th1_max = deg2rad(30);
H2 = L2*cos(th2);
H1=H-H2;
for th1 = linspace(th1_min,th1_max,n)
L1 = H1/cos(th1);
if (r-p+L2*sin(th2))/sin(th1) < L1 && L1 < (r+L2*sin(th2))/sin(th1) % within motor peg
board
% When arm is in vertical position
% Find axial force on Links 1 and 2
Rx1v = F1*cos(th1);
Rx2v = F1*cos(th2);
% Find bending force on Links 1 and 2
Ry1v = F1*sin(th1);
Ry2v = F1*sin(th2);

% Solve for h1,h2

% a) Based on axial stress

h1av = ((12*fos*Rx1v*L1/2)/(C*pi*2*E*b))"(1/3);
h2av = ((12*fos*Rx2v*L2"2)/(C*pi*2*E*b))*(1/3);
% b) Based on bending stress

h1bv = sqrt(fos*6*Ry1v*L1/(sigY*b));

h2bv = sqrt(fos*6*Ry2v*L2/(sigY*b));

% When arm is in horizontal position
% Find axial force on Links 1 and 2
Rx1h = F2*sin(th1);

Rx2h = F2*sin(th2);

% Find bending force on Links 1 and 2
Ry1h = F2*cos(th1);

Ry2h = F2*cos(th2);

% Solve for h1,h2

% a) Based on axial stress

h1ah = (fos*Rx1h)/(sigY*b);

h2ah = (fos*Rx2h)/(sigY*b);

% b) Based on bending stress

h1bh = sqrt((fos*6*Ry1h*L1)/(sigY*b));
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h2bh = sqrt((fos*6*Ry2h*L2)/(sigY*b));

h11 = max(h1av,h1bv);
h12 = max(h1ah,h1bh);
h1 = max(h11,h12);
h21 = max(h2av,h2bv);
h22 = max(h2ah,h2bh);
h2 = max(h21,h22);

% Calculate mass
m1 = rho*b*h1*L1;
m2 = rho*b*h2*L2;
m =m1+m2;

% Record the values
L1_values(end+1) = L1;
L2_values(end+1) = L2;
H1_values(end+1) = H1;
H2_values(end+1) = H2;
h1_values(end+1) = h1;
h2_values(end+1) = h2;
b_values(end+1) = b;
m_values(end+1) = m;
end
end
end
end
end

% Get indices of lowest mass

[m,i] = min(m_values);

L1 = L1_values(i);

L2 = L2 _values(i);

H1 = H1_values(i);

H2 = H2_values(i);

b = b_values(i);

h1 = h1_values(i);

h2 = h2_values(i);

m = m*453.592; % convert Ib to grams

fprintf([\n\tL1 = %6.3f inches\n\tL2 = %6.3f inches\n\tH1 = %6.3f inches' ...
\n\tH2 = %6.3f inches\n\tb = %6.3f inches\n\th1 = %6.3f inches' ...
\n\th2 = %6.3f inches\n\tm = %6.3f grams\n'],L1,L2,H1,H2,b,h1,h2,m);
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%{

Gear Train for Gripper
Written: Ben Reibman
Created: 280CT2016
Last Edited: 300CT2016
%}

clear all; close all; clc

%%

%Var Declaration

tau_motor = 11.50597; %[Ib*in] +- .2 Motor torque
v_motor = 13; %[Rads/s] Unloaded Motor Speed
D_driveshaft = .375; %[in] motor drive shaft

eta =.95; %[%] efficiency

%Parameters

FoS = 1.5;%Factor of Safety for drive torque

tau_req = 75%(2.925+1.2)/3; %[lb*in] Required Torque based off required force and lever arm
length.

r_motor = .4; %[in] motor pulley diameter

%%

%Calculations

tau_req_mod = tau_req*FoS; %[N*m] Torque required with FoS
%m_A =r_out/r_in;

%m_A = N_out/N_in;

r_drive = eta*tau_req_mod*r_motor/tau_motor;

%https://sdp-si.com/eStore/CenterDistanceDesigner
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