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II. Summary
Isometric Screenshot:

Description:

The assembly is supported by a flat resin block with two rounded, downward tabs. The tabs
support bearings for a single D-shaft with an attached moving arm, and three rigid arms are attached
directly to the flat base with screws. The three rigid arms are also connected to each other with a
horizontal acrylic piece to prevent shifting of individual arms. A small gear is attached to the motor shaft
and drives a larger gear on the D-shaft, causing the moving arm to rotate with increased torque. The arm
and gears are secured to the shafts using set screws to prevent slipping. The three rigid arms can provide
a very large normal force without the need for an additional applied torque, and allow for improved
alignment with the object compared to moving arms on both sides. The moving arm has greater torque
due to an increased gear ratio and no losses from other moving components, and generates normal
forces by pressing the object into the rigid arms.

The grippers are curved to match the sides and lower curvature of the object, which grips it more
securely and prevents unwanted shifting during motion of the arm. This shape also allows the gripper to
support the object using both upward normal and frictional forces rather than pure frictional forces. The
contact points of each arm are also covered with neoprene rubber to provide much greater friction.

Peak force: F _, = 3Mg = 37.5N at the bottom of the swing. (Page #12)

Factor of safety for gripping the object: FoS = 1.24 (Page #16)

Factor of safety for component failure: FoS = 1.91 (Page #18)

Weakest link: The weakest link is in the left pushing arm connected to the mount due to contact
stress concentrations. Design might fail due to deformation in that arm.



[ll. Conceptual Design Sketches
A) Conceptual Design One
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B) Conceptual Design Two
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IV. Simple Modeling of Candidate Designs
A) Forces & Moments Calculation
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B) Stresses Calculation
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The three left rigid arms are designed such that one pushing arm will provide vertical
upward force by friction, and the other two lifting arms will provide vertical upward forces by
normal forces exerted by fillet contact bumpers.
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Note: The E-shaped acrylic piece is used for lining the three fixed arms. In ideal situation, there
should be no force exerted on the piece.
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V. Material Selections

Base Mount, Left Arm - For the base of the part that mounts to the test stand, we decided on
using the FormLabs 2 3D printer resin, v2. We elected to go with this option because we wanted
to have a part that was lightweight as easy to make with the complex shape we had designed.
For our first iteration we had hand machined the aluminum base, but this version required a
much more complex design. The part only undergoes a peak stress of 3.675*10"2 psi
compression, which is below the yield strength of 9380 psi by a reasonable factor of safety.

Right Arm, Support Arms - For the side support arms and the moving arm we decided to use Y
inch acrylic. This was because we wanted a modularity to our gripper. Based on our preliminary
test with arms shattering when the fidget spinner fell out, we decided that we need a material
that could be easily manufactured into new arms. The ability to mass manufacture arms
because acrylic is laser cut table was very important to our decision. In addition, the peak stress
experienced during dynamic motion by the components made from this material is 3.660*10/2
psi axial stress due to bending, which is significantly below the yield strength of 10.59 ksi. We
chose to have such a high factor of safety here, however, to account for the peak forces
experienced during the impulses that stop the right arm when it opens and closes.
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V1. Detailed Model and Analysis of Final Design
1. Base Plate
a. Isometric Screenshot

bearing housing waterial eut to reduce welght

P

cwrved shaft slot

robot wrist mownting holes

bearing housing

b. Static Stress Analysis

i 1.699e-002 : .
won Mises [psi)

Maxi| 3.675e+002  of

c. Material and Yield Strength
i.  Material: Photopolymer Resin(Clear)
ii. Yield Strength = 9380 psi
d. Component Mass =34.20 g
e. Component Cost and Manufacturer
i. Cost: $9.01  Manufacturer: Mitchell Riek

3.675e+002

3,360 +002

3.063e+002

2,756 +002

2,450 +002

2,144+ 002

1,636 +002

1.5532e+002

1.225e+002

9193 e+001

6.131e+001

3.070e+001

7.599:-002
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2. Right Arm
a. Isometric Screenshot

Larger radiue heve to deal with contact strese

vertieal rubber pushing surface

™~

surved surface to support spisiner fillet with wormal force

™~

b. Static Stress Analysis

2057e+003 &

c. Material and Yield Strength
i.  Material: Acrylic(Medium-high impact)
ii. Yield Strength = 10.59 ksi
d. Component Mass =20.13 g
e. Component Cost and Manufacturer
i. Cost: $0.25 Manufacturer: Victoria Britcher

woh Mises [psi]
2.057e+003
l 1.885e+003
1.714e+003
1.542e+003
1.371e+003
1.200e+003
‘ 1.025e+003
| 8.569e+002
6.855e+002
5.142e+002
3.425e+002
1.714e+002
7.276e-003

—p Vield strength: 6,527e+003
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3. Left Arm
a. Isometric Screenshot

twe fixture holes to
prevent rotation

crorved rabber pushing suwrface fitting
the shape of splnaner

b. Static Stress Analysis

won Mises [psi)
6,223e+003
l 5.705e+003
~ 5.187e+003
- 4.665e+003
- 4.150e+003
_ 3.631e+003
. 3 113e+003
_ 2.554e+003
. 2076e+003

_ 1.557e+003

1.03%e+003
5.203e+002
1.775e+000

c. Material and Yield Strength
i.  Material: Photopolymer Resin(Clear)
ii. Yield Strength = 9380 psi
d. Component Mass = 18.98 g
e. Component Cost and Manufacturer
i. Cost: $5.00 Manufacturer: Mitchell Riek
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4. Support Arm
a. Isometric Screenshot

twe fixbure holes to prevent rotation.

\

even-strese distribution shape

holes for wowmting

,-"' contact hv.rwpers.

Ng

b. Static Stress Analysis

&
& .660e +002

won Mises [psi)

8.660e+002

T.956e+002
L T.217e+002
_ 6.406e+002
_ 5.77de+002
_ 5.053e+002
| 4.337e+002
L 3.610e+002
_ 2.8E5e+002

_ 2,167e+002

1.445e+002
T.237e+001
2.212e-001

e
2,212e-001
— Yield strength: 6,527e+003

c. Material and Yield Strength
i.  Material: Acrylic(Medium-high impact)
ii. Yield Strength = 10.59 ksi
d. Component Mass =8.72 g
e. Component Cost and Manufacturer
i. Cost: $0.11 (x2) Manufacturer: Victoria Britcher & Yufan Wang



5. Contact Bumper
a. Isometric Screenshot

holes For mowunting SUFport Arms

crerved surface that siupports the
spliaer with nerwal forces

b. Static Stress Analysis

wah Mises [psi)

3.57de+002

. 3.276e+002

L 2.978e+002

_ 2.881e+002
_ 2.383e+002
_ 2.085e+002
. 1.787e+002
1.490e+002
. 1.18Ze+002

_ 8.540e+001

5.062e+001
2.985e+001
6.514e-002

c
6.514e-002

c. Material and Yield Strength
i.  Material: Photopolymer Resin(Clear)
ii. Yield Strength = 9380 psi
d. Component Mass =5.14 g
e. Component Cost and Manufacturer
i. Cost: $1.35 (x2) Manufacturer: Terence Huang & Oliver Zhang



VII. Catalog Component Selection

Small and Large gears - We chose acetal gears to reduce weight because we did not need the
extra strength of a metal gear at this location. The sizes were chosen to match the shaft
diameters of our shaft and the drive shaft, as well at satisfying the calculated gear ratio. We
chose to purchase catalog components over making acrylic gears because precision was very
important.

Bearings - We selected steel ball bearings to hold the shaft in the mount because minimizing
friction forces on the rotation was the most important feature. This was done to maximize the
applied torque, by reducing losses to friction. Weight was not as important for these parts, as we
used lightweight materials in other locations to compensate.

Shaft - We decided to purchase a catalog shaft because precision was the most important
feature of the part. We decided on steel for the material because the majority of the force is
supported by the shaft. The D shaft feature was decided on, because we planned to use set
screws on the gears and the arms to affix them to the shaft and transfer the rotational motion.
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VIII. Engineering Drawings

A) Fixed Left Lifting Arm
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B) Mount
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C) Left Fixed Pushing Arm
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D) Contact Bumper(Right)
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E) Contact Bumper (Left)
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F) Right Rotary Arm
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F) Line-up Tool for Left Arms
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