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Executive Summary:

For the final Mechanical Design project | chose to create a
mechanically actuated hand. This design was inspired by the
Bebionic prosthetic hand created by Ottobock. It has four fingers and
one thumb, each individually actuated with two joints on each of the
fingers and one on the thumb. It's designed with both function and
aesthetics in mind so that it would have a wide range of capabilities as
well as have a cohesive and sleek design. A large amount of time on
this project went into making sure part and motion geometries were
both accurate and appealing.

Because of the small scale and complex geometry, many of the pieces
are 3D-printed and this allows for more complex designs such as the
pin-slot mechanism and internal wire routing channels in the palm
pieces. This also means that many parts were designed to be made
out of ABS plastic material. Generally this isn’t a very strong material
choice as compared to many metals or carbon fibers, so future
iterations should consider other manufacturing methods or more
advanced metal or carbon-infused 3D-printers.

Future versions should consider improving work on more discrete
integration of mechanical components. Additionally, attachment
methods could be designed and incorporated to allow the hand to
connect to a larger prosthetic system.
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Preliminary Design Sketch and Product

Description:

This design is a mechanical hand with individually actuated
fingers. Overall, system is designed to be easily manufactured and
assembled. The hand is made of two palm pieces that sandwich
together, four double-jointed fingers attached to the top part of the
palm, and one single-jointed thumb that attaches to the side.

The fingers consist of two pieces that fit into each other and are fixed
around a worm gear wheel. The second segment is the outermost part
of the finger. This part is fixed to a gear through tight press fit and fits
around an axle that runs through both segments. The first segment
houses a motor and worm gear that connects to the second segment.
It also includes a joint fixed to a worm gear wheel at the lower end,
where it connects to the base piece on the hand.

This joint is fixed to the palm and also houses a motor and worm gear.
Five of these base pieces connect to the palm and allow the fingers to
rotate. The worm gears and motor are small plastic gears as might be
used in a small toy. The worm gear wheel is sintered in order to
withstand higher forces.




ENGR3330: Mechanical Design Report

Free Body Diagrams of all Critical Parts:

The main parts of concern in this model are the base piece, the
axle, and the gears. These were looked at from the case of three main
scenarios that could happen to the hand: (1) the hand is oriented with
the fingers down and curled such as when it is trying to life a
heavy bag, (2) the hand is oriented fingers down and curled and
hits an object such as dropping down onto a surface, and (3) the
hand is oriented with the fingers down and straight such as when
a finger hits an object while extended (see FEA section for model
image representation). Each of these load cases were tested for an
expected 30 IbF or when distributed, 15 IbF on either side. The 30Ib or
15lb weights are approximate estimates based on either a case where
a weight of 60 pounds is evenly distributed across the four fingers or
30 IbF hits an object such as a hard surface. The general case for the
axle distributes the 30 Ib weight on either side and experiences 15 IbF
offset from the center. This is counteracted by the normal force on
either end where the axle contacts the base piece.
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In scenario one a downwards force of 30 Ibs is exerted on the finger
and therefore the base piece as well. The forces are measured at the
surface where the axles contact the base piece. This is counteracted
with normal forces in the opposite directions.
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The same goes for scenario two where the finger is hit straight-on and
the base piece receives a force in the leftwards direction as shown in
this orientation.
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Scenario three receives a force similar but opposite to scenario one as
the force is now exerted up on the backside of the finger.
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The interaction between the gears at the base point takes these forces
into account by means of an exerted moment on the worm gear wheel.
This is measured considering a 15 IbF applied (as when lifting a 60 Ib
object across four fingers) at a quarter inch distance from the pivot.
This can allow for calculations of the applied force on the teeth of the
worm gear wheel and the worm gear. Usually the worm gear has a
more complex formula due to its angled teeth, but this custom worm
gear has an angle of only 5 degrees so the closest approximation is
used along with the large over-estimations for weight to allow for
physical-error as compared to calculations. It was calculated that the
force applied to the tooth face would be 30 IbF.
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CAD Models (annotated summary of major parts):

The actuated hand includes four finger subassemblies and a thumb
subassembly (each with a base connection), in addition to a two-piece
palm that includes tunnels for wire routing as well as connection pins.

The base design consists of a small piece with a bottom pocket that
allows it to fit snugly onto each of the palm connection extrusions and
remain fixed in place with two small bolts. A motor and worm gear are
press fit into the palm and held by the base piece such that the worm
gear and worm gear wheel mesh. The worm gear wheel is freely
spinning on the axle and is held in place with its extrusions on either
side along with two small retaining rings on the axle itself. The axle is
rotating freely inside the press fit journal bearings.

This piece then connects to the first finger joint through an interference
fit with the first segment and the worm gear wheel, achieved by heating
the 3D-printed plastic when assembling. The finger segment houses
the motor and worm gear internally, again with a heated interference
fit, and includes pass thrus for the motor wires. This segment connects
to the second segment in a similar fashion. The second segment has
a fixed angled geometry in order to allow for fine motor control without
over powering or over constraining the fingers.

The palm assembly itself consists of two pieces of 3D-printed form that
come together to allow for easy assembly. The form was carefully
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designed to mimic that of a real hand and give the visual appearance
of texture and muscle. The inside shows the channels provided for
routing the wires down and out the base of the hand.

Additionally, the two pieces come together and slide to lock into place
with a pin and lock mechanism (one side shown below in a cross-
sectional view on the left side of the part).
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FEA /Factor of Safety Analysis of all Critical Parts:
As discussed in the FBD section, the elements were analyzed
according to three main scenarios:

Scenario 1 in which the finger is bent and receives a force from the
top (such as when lifting an object).

Scenario 2 in which the finger is straight and receives a force head-on
(such as in an object collision).

Scenario 3 in which the finger in bent and received a force from the
bottom (such as in a surface collision).

First we look at the performance of the central axle under these loads.
The axle can be taken as a general case where two forces are applied
offset from the center in a linear direction. Taking two 15 Ib forces, this
axle has minimal stress and maintains a factor of safety of 4.2.
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Next we look at the worm gear wheel for this general case where the
pressure on an individual tooth was previously calculated in the FBD
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In scenario 3, the worm gear again received a force on the tooth face, von Mises (osi)
this time in a downwards direction, providing a FOS again of 3.2. T
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The final configuration of the post-optimized base piece receives a
downwards force and provides an FOS of 4.7.
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Optimization of Key Critical Parts:

Two of the heavily loaded parts were unable to meet the minimum
factor of safety of 3.0 in initial FEA testing. The base piece was then
modified by adding more material between the top flat surface ant the
bottom of the hole as well as a large fillet to support the hole under
linear face forces. This provided a new factor of safety of 3.0, which is
sufficient considering the loads are overestimated.
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The gear was easily modified because of its custom geometry to allow
for a larger area to apply the force on, lowering the force on any one
point. This provided a new factor of safety of 3.3.
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Manufacturing Detailed Drawings:
As follows are the manufacturing drawings for major, non-COTS parts.




Complete Assembly Drawings:
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As follows are the subassembly and assembly drawings for this project.
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Bill of Materials:
As follows is the Bill of Materials for the main assembly. Many parts are 3D-printed due to complex geometry and scale.

Item Part Name Description Quantity Source Price Per ($) | Total Price ($) PIN Link

Secvebeang | 10 |wowasier | 1221 | 21070 | Gasko2é |nips/mumomasierconioasaizs

#0 SHCS 0.06-80,
SCHCSCREW... |pack of 25 McMaster 8.88 88.8 912532031 | https://www.mcmaster.com/91253a031

Total Purchase: 313.08
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