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1: INTRODUCTION
Motivation:

This projects motivation is to be able to build a prosthetic finger that is capable of
creating movement, by the help of a sensor that will interpolate a person’s muscle movement.
After this goal has been reached, the prosthetic finger strength will be tested to see if it
accumulate the average poke, press, and pull force that a normal figure can create.

Function Statement:

An actuator is needed to interpolate the bodies muscle movement, so it can then transmit
signals to its designated areas to be able to cause simultaneous movement and the required
amount of force needed for the prosthetic finger.

Requirements:

The following requirements must be made: the prosthetic finger will be dimensioned to
an average male finger size, once this is achieved the next task is to find the correct wire lengths
diameters, hole sizes, and gears to move the finger to the correct length and angle.

index finger needs to be 0.575inches wide and 0.5inches thick

index finger length 6inches, index finger will weight 100grams
number of pins needed 8

pin height very from 2.192-7.125in

pin diameter 0.5in

number of Gears needed 2

gear teeth count can be 6-12 teeth

gear heights will be 1 inch, gear width between 1.25 and 1.75 in

finger can extend and contract from 0 to 90 and 180 degrees, two wires
casted material and gears are made from aluminum, some pins will be made from plastic
and aluminum

e poke force needs to be 52.58N

e press force needs to be 50.90N

e Pull force needs to be 70.94N.

The cost of the project will be no more than 500 dollars, will start November 13'", finish by
March 9™, and with an estimated time of 120 hours of work placed into building the prosthetic
finger.

Success Criteria:

Equations that will be used to figure the prosthetic fingers movement and force involve:

Lengths of Wires 1 and 2 in relation to joint angle is by the following equations:
L2i =120 + Ri (601 —61)



L1i =110 — Ri (60i -8i)

110 = initial SMA Wire 1 length
120 = initial SMA Wire 2 length
s01 = initial joint angle of joint 1
Ri = radius of rotation

Torque at joint i is given by the following equation: ti = Flidi — F2di
F1 = actuation force of Wire 1

F2 = opposing force of Wire 2

di = finger cross-sectional radius at tendon location

Stress in the wires equation: ti = cliAidi — 62iAidi

o 1 = actuation stress in Wire 1

o 2 = opposing stress in Wire 2

Ai = cross-sectional area of SMA wires located at joint i

Scope of this effort:

The prosthetic finger will have at least two weeks of work put into every individual part
built, with an average amount of 12 hours for every Friday that is in between the desired time
line. The time line of the objects that will be made, first objective is to create a match plate and
casting out the hand and finger, then the gears, pins, and actuator will be built. Finally, by
January 1% the prosthetic finger will begin being assembled.

Benchmark:
The prosthetic finger will comply and perform to match the required forces needed to
poke, press, and pull once it’s built. The prosthetic finger will also be tested on how accurate it

can interface without malfunctioning.

Success of the project:

When the prosthetic finger is able to reach its required forces and movement capabilities
it will become a success, while still meeting its weight requirement.



DESIGN & ANALYSIS

The prosthetic finger will be tested in achieving these simple motion functions like

extending, contracting, making a hook, moving in a perpendicular, and lateral movement. Once
this goal is achieved, the next step is to test the prosthetic fingers strength in its poke, press, and
pull motion to be able to know how much it can apply and then comparing it to a normal
person’s force it can apply. The prosthetic finger will be created by casting small hollow finger
and hand parts, then creating small gears and pins to increase rotational movement, and finally
attaching a sensor on the inside of the hand so it can sense a person’s muscle movement. The
sensor and components attached to it will act as an actuator, so it can then choose which of the
parts in the system it need to move to be able to create movement needed. All the numbers on the

hand represent what will be measured with a caliper to acquire a person’s average hand and

finger size, to then be able to build a functioning prosthetic finger that corresponds to an average

body structure.

46 Wrist Breadth

48 Hand Breadth

49 Mimimun Hand Clearance

50 Thumb Crotch-Middle Finger Length
51 Thumb Length

52 Thumb Diameter

53 Index Finger Length

54 Index Finger Diameter

55 Middle Finger Length

56 Middle Finger Diameter

58 Maximum Fist Circumference
59 Maximum Fist Breadth

60 Maximum Fist Depth

49




Al: Calculation of Steel Wire Size
The analysis of calculating the steel wire is that by using the shear stress and area of a
circle equation the wires diameter can be found. Then from this, the diameter of the wire
can be compared to an actual gage wire diameter, so the actual wire diameter can be
found.

A2: Range of motion finger knuckle
The range of motion for the finger knuckle will measure and calculated to be able to
receive the correct angle needed.

A3: Find the size of the gear to get the circumference
Once the size of the gear is determined and the circumference is also, then rotations of
the wire rapping around the gear can be determined.

A4: Articulate movement predict how far it needs to move the finger and wire
The length and distance between the anchored pin and the gear rotating the wire need to
be solved so the movement of the finger and wire can be determined.

Ab: Finger Pressure to overcome the actuator
The amount of pressure needs to be determined from the actuator, so the actual amount
force from the finger can be determined.

AG: Calculate the coefficient of friction
Coefficient of friction needs to be determined, so people know what exactly the
prosthetic finger can grasp.

AT: Joint Friction
For each of the joints the friction in between finger knuckle needs to be determined, so
the amount of movement is known correctly.

A8: Calculate press fit of the pin to the part of the knuckle
The pins and the finger joints center distance needs to be determined correctly between
them so the right amount of movement and friction is needed.

A9: Actuator life time
The life time of the actuator needs to be determined, so people can be aware of how long
the actuator can function and what its limitations are.

A10: Deflection at the highest load of 61b
This beam deflection of the finger needs to be solved for at the tip of the finger so the
maximum amount of deflection can be determined.

Al1: Calculating press fit pin to gear
The pin and gears center distance needs to be determined correctly between them so the
right amount of movement and friction is needed.



A12: Pin Diameter
The pin diameter needs to be determined, so the right amount of force is needed to
sustain the wires in the corrected areas needed.

REQUIRED:

All measurement need to accurate to an average sized finger, hand, so the prosthetic
finger can be built and function properly.

Weight of the material need to be taken into consideration so the prosthetic finger doesn’t
weight more than its suppose to.

The design parameters that will be obtained from the analyses are the dimensions and
shape of the prosthetic finger, pins, gears, and sensor material.

Able to create rotational movement, with the pointer finger.
Able to contract and extend the pointer finger.
Able to simultaneously, move the pointer finger as it has contracted.
To transmit enough power between the gears and pins to move the individual parts correctly.
To receive enough power through machine elements without malfunctioning.

Finally, these parameters will be documented in the technical drawings as the device is
rendered.

Predict performance of your device:
The prosthetic finger is able to move the finger from the designated angles in between

zero to three seconds. The prosthetic finger is able to rotate its finger in between zero to one
minute and thirty seconds.



METHODS & CONSTRUCTION
Write out how you intend to make your solution happen.

This project was conceived by first devising ideas on how to be able to create a prosthetic
finger in a more time manageable manner, so it can accomplish its goals of creating the required
movement and force needed. The prosthetic finger will be analyzed by meeting the specific
measurements, angles, and forces requirements. The design will take place at CWU, while
working within the constraints of our university resources in Hogue the parts being created will
possibly be made in the computer, machine shop, casting, and electricity lab.

Describe construction of the device:

The first step will be to construct the prosthetic finger on solid works in the computer lab. The
prosthetic finger itself will be built in four sections. The four sections is the distal, middle, and
proximal phalanx of the index finger, and a hand with other fingers to support the prosthetic
finger being created. These sections will be created from 3D printing it out of ABS Plastic, so
each part can be very exact. Each part will be first created on solid works to be able to make the
prosthetic finger and hand so its 3D printed correctly. Once this step has been finished, the next
step will be to purchase the gears and machine the pins to size in the machine shop lab. Finally,
after these steps have been made an actuator will be bought so it can be coded correctly so it can
send signals to the corresponding locations to be able to move the prosthetic finger correctly.

Drawing Tree:

Prosthetic Finger

—_—

3D-Printed

Machined Parts Electrical System

FrontJFinger Top Hand Pins Screws Servo
Middle Finger \4 '/ ¥ l
j Bottom Hand Bushing Steel Wire Arduino
Back Finger
Hand Joint

RN S N

Gears




Refer to renderings:

You should be able to refer to the JRRD Volume 50, Number 5, 2013 Page 599 — 618
Mechanical design and performance specifications of anthropomorphic prosthetic hands,
specifically on the Bebionic V2 Fingers conforming drawings in Appendix B with a drawing
tree. The prosthetic finger Bebionic V2 shall be compared to an original design. The website
where this information and standards have been gather is from
http://www.rehab.research.va.gov/jour/2013/505/pdf/belter505.pdf

Device Operation:

The operation of the device is to use gears and pins to be able to move the prosthetic
finger to certain lengths. A steel wire will be anchored at the end of the finger as there is a track
leading to the hollow inside body of the prosthetic hand, this track is for the steel wire. As the
steel wire follows the track it will lead to the inside on the hand which then the other end of the
wire will be crimped to a pin. The wire is crimped to the pin because the pin is press fitted to a
spiral bevel gear and once it rotates it will wind the wire so it can contract it or extend the finger.
The spiral bevel gears that are meshed together will rotate by one of them being attached to a
servo which gives off a certain amount of rpm which is told by an Arduino which is coded so it
tell it what to do and the Arduino is powered by batteries which are giving off 6 volts.

Benchmark Comparison:

This project will be made mostly out of gears and pins, instead of the Bebionic V2
advance features the prosthetic finger obtains.

Performance Predictions:

The efficiency of the device is predicted to be 80% and will be tested conforming to
JRRD Volume 50 standard procedures of testing the finger on a pad to obtain its required
designated demands.

TESTING METHOD
Test Plan:

The prosthetic finger use a stop watch to measure how fast it will take to reach its target
time, a protractor will be used to measure what angles it is able to reach, and a pad and the
boards from the electricity room will be used to measure the force its able to accomplish.

Test Documentation and Deliverables:

The data will all be saved on excel, after every thing has been tested and measured. The

prosthetic finger will be tested five different times to be able to represent how concentric it is and

to also be able to tell what needs to be changed.
BUDGET/SCHEDULE/PROJECT MANAGEMENT
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http://www.rehab.research.va.gov/jour/2013/505/pdf/belter505.pdf

Cost and Budget:

A parts list is shown in Appendix C. The parts list details their identification, description
(specifications), sources and cost as shown in Appendix D.

Some of the assemblies will require 3D printing them out.
The cost of this project will be payed out of pocket.
Labor costs are separated out and correlated to the time shown in the schedule.

The total cost of this project is estimated to be $500.00.

Schedule:

The scheduling issue has to do with creating a prosthetic finger that can meet the
performance specifications within a reasonable time-frame.

The schedule for this project is constrained by the MET 495 course and is shown in
Appendix E. A schedule guide has been provided, it will start on November 13™, finish by
March 9™, and with an estimated time of 120 hours of work placed into building the prosthetic
finger.

Create Tasks:

There is going to be five tasks to accomplish creating the prosthetic finger. The first task
is to build a match plate of a hand and several finger parts, the start date is 11/13/15 and ends
11/27/15. The second task is to build gears, the start date is 11/27/15 and ends 12/4/15. The
third task is to build pins, the start date is 12/4/15 and ends 12/18/15. The fourth task is to
build an actuator, the start date is 12/18/15 and ends 1/1/16. The final task is to assemble the
prosthetic finger together, the start date is 1/1/16 and ends 1/15/16. The amount of hours put
in is 12 hours on Fridays and 2 to 3 hours every day in between the start and end date.

Create Milestones:
The cast will be the shell of the hand, the gears and actuator will act as a sensor to tell

where the prosthetic finger should move and what its limitations are, and the pins will be the
length of the prosthetic finger.

11



Project Management:

This project will succeed due to the availability of appropriate technical expertise and

resources. Test equipment is available to use for in the computer, machining, and electricity
lab.

Resume is shown in Appendix J.

12



DISCUSSION

About a week into the project, the project was adjusted from focusing on a prosthetic
hand to being able to create one prosthetic finger. Throughout the process of creating the
prosthetic finger, the design was changed several times because it needs to be simplified to be
able to finish the project within the required time limit. The process was successful, but actually
trying to build and design was not very successful at first. Attempting to create a prosthetic
finger on Solidworks is rather difficult, and attempting to create the parts needed is going to be
rather difficult because of how small the parts need to be. When first starting the project a lot of
research was done on past prosthetic hands and it was built and assembled. The research was
mainly focused on how these several types of prosthetic hands made their finger(s) and how they
were able to cause movement. Most of the information was gathered from online sources and
videos from youtube were also watched to be able to comprehend the steps and building process
others have gone through. Since, every prosthetic limb varies in its design and values. A hand
and finger were chosen at random to receive the measure ments needed to create the prosthetic
hand and finger. Once the hand was chosen, it was measured by a caliper, then the measurements
were put into a Soliworks drawing to build the prosthetic hand, and finger. After, this was
accomplished the rest of the objects were placed inside and the calculations were solved for to
insure that the prosthetic finger is functioning properly. The solidwords design is separated into
fourteen different sketches; the first sketch is a full assembly drawing, the second is an exploded
view of the full assembly, the third is a sub-assembly of just the prosthetic finger, the next four
drawings are the four parts that make up the prosthetic finger, the seventh drawing is the pin joint
that holds the fingers in their place, the next too drawings is the hollow hand separated into two
parts (top and Bottom) so it can be able to hold the objects on the inside of it, the tenth drawing
is a pin that is placed in the center of the wire hole that runs through the finger so it can be
anchored to that point, the eleventh drawing is a pin to hold the spiral bevel gear in place, the
twelfth drawing of the spiral bevel gear, the thirteen drawing is of the battery and the final
drawing is of the servo.

13



CONCLUSION

The prosthetic finger has been conceived, analyzed and designed which meets the
function requirements presented. Parts have been specified, sourced and budgeted for
acquisition. With this information, the device/model is ready to be created. This proposal should
be accepted and completed because the process for building the prosthetic finger can be done
within a reasonable amount of time while costing less than an average prosthetic hand and finger.
The project of creating the prosthetic finger should be created by the author because he has the
necessary tools to finish the product. While the author attends Central Washington University,
the university has all the necessary resources that can be used to accomplish this project like the
computer, machining, and electricity lab. The university also has professors and classes that are
able to provide the necessary guidance and appropriate skills to learn how to use the resources
and how to accomplish the task at hand, while meeting all requirements.

This project meets all the requirements for a successful senior project, including:

1. Having substantive engineering merit in both heat transfer and structural areas
2. Size and cost within the parameters of our resources
3. Being of great interest to the principal investigator

The new design prosthetic finger was a success in both performance and design. It showed
improvements over the benchmark in all four areas:

4. Cost: For example the project cost stayed in between 50 to 100 dollars while the
benchmark prosthetic costed between 200 to 600 dollars depending on which type of
material (plastic) was used in the process of creating and assembling it.

5. Time limit: The amount of time to build the prosthetic finger will be made in four weeks,

while the benchmarked prosthetic finger took six weeks to create.

The cost was reduced by 50% to 60%

7. The manufacturing process was simplified from 10 to 5 processes.

o
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APPENDIX A — Analyses
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APPENDIX B — Sketches, Assembly drawings, Sub-assembly drawings, Part drawings
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Metal Miter Gear—20 Degree Pressure Angle
Press-Fit Mount, 16 Pitch, 16 Teeth
Each In stock
$22.08 Each
_ ADD TO ORDER B520K11
Pitch: 16
Pressure Angle 20° - 1.083" - Number of Teeth: 16
Pitch 16 |
|
Number of Teeth 16 !
Pitch Diameter
. - - 1
oD 0g [ Pitch Dia,
5
P |
Fac 022" i
Gverall \ 075
Material Steel
Bore Type Plain
Mount Type Press Fit
For Shaft Diameter ~ 3/8"
|=—Mount
Lg. Hub
O'all Diameter 075
=W Width 0438°
¥ Mount Length 1.083"
Hub
Loy . 1%, AR —
[ Transmit motion at a 90° angle while maintaining M‘"'ﬂsl“n clnn? h: —W:‘mm ?59%9’3('1"‘1
speed and torque. These gears are also known as el Ganr for S0° Aagis kotian
Face o 0e Transfor - 20° Pressure Angle
Hub miter gears
Wd. Wd.

For two gears to mesh correctly, they must have the
same pressure angle, pitch, and number of teeth. Use
these gears with other gears that have a 20° pressure
angle.

The information in this 3-D model is provided for reference only

Details
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Hextronik MG-14 14g/2.6kg/0.11sec Digital Aircraft Servo Spees:
s Weight: 14g

Dimension: 22.8x12x31 mm

Stall torque: 2.2kg/cm (4.8v); 2.6kg/cm (6.0v)
Operating speed: 0.13sec/60degree (4.8v); 0.11sec/60degree (6.0v)
Operating voltage: 4.8~6.0v

Gear Type: Metal gear

Bearing: Double ball bearing

Servo case: Middle alloy, upper and lower plastic
Temperature range: 0- 55deg

Dead band width: 1us

servo wire length: 25¢m

Servo Plug: JR (Fits JR and Futaba)

Product Config Table

Weight (g) 14

Torque (kg) 2.6
Speed(Sec/60deg) |0.11

A(mm) 36 1.41732 in
B(mm) 23 0.905512 in
C(mm) 32 1.25984 in
D(mm) 12 0.472441 in
E(mm) 33 1.29921 in
F(mm) 23 0.905512 in

3 - - 1 3" -

316" "
" Hex 1/4"-20 Thread

' McMASTER-CARR.#P |.7ii. 91221A965

ity hwww memasier,com Plagtic
o 2014 McMaster-Carr Supply Company

Socket Head Gap Screw
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APPENDIX C — Parts List and Costs

Part ldent Part Description Source Cost Disposition
Abs Plastic 3.50 by 3.50 Central Washington $20.00 Order
White shell for the Prosthetic University Computer lab 1/5/2016
Hand and 7.50 by 0.685 Finger
Actuator Worm Gear Motor, Rotary Hobby King $27.08 Order
Actuator 1/5/2016
Part # MG-14
Spiral Bevel Gear 20 pressure angle, 16 pitch, and | McMaster-Carr $55.07 Order
16 teeth 1/5/2016
Part #6529K11
Battery Duracell AAA Fred Meyer $0.00 Order
1/5/2016
Wire Steel wire diameter 0.0132 Tedpella.com $0.00 Order
length 5ft 1/5/2016
Screws Socket Head Cap Screw McMaster-Carr $0.00 Order
1/5/2016

42




PARTS LIST AND BUDGET

SENIOR PROJECT TITLE

APPENDIX D —

Prosthetic Finger

ITEM ID ITEM Description

S8 3 0

ot

o\‘

Abs Plastic
Actuator

Spirel Bevel Gear
Battery

Wire

Screws

Item Source Brand Info

cwu Filement
Hobby King Aluminum
McMaster-Carr - Aluminum
Fred Meyer Duracell
Tedpella.com  Steel wire

McMaster-Carr  Socket Head Cap Screw

Budget

Model/SN Price/Cost  Quantity
(US Dollars) (or hrs)

($ / pound)
15A1W50 20 1
MG-14 27.07 1
6529K11 55.07 1
AAA 0 1
Gauge 31 0 1
91221A965 0 10

Subtotals

20
27.07
55.07

0
0
0

102.14 Total Est.
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SCHEDULE FOR SENIOR PROJECT:

PROJECT TITLE:
ENG. TECH.:

Prosthetc Finger

Jose Garcia

TASK: Description

ID

1
la
1b
1c
1d
le
1f
1g
ih
1i

ut N " '

o

Proposal**
Outline

Intro

Methods
Analysis
Discussion

Parts and Budget
Drawings
Schedule
Summary & Appx

Manuf Plan**

Device Constructed

Test Plan**
Device Evaluated
Project Report**

Total Hours Est:

Duratioin October

(hours)

N
N

—_
WhrophrpoOONNMNDN

100

15

20

20

247

2-Oct
7-Oct
10-Oct
19-Oct
24-Oct
4-Nov

7-Nov

APPENDIX E — Schedule

December 15-17 Finals March 9 Presentation

November  December

9-Nov

9-Nov

14-Nov

16-Dec

June 9-12 Finals

January February March

14-Jan
14-Jan
9-Mar

9-Mar
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PROJECT TITLE; Prosthetic Finger
Engingeering Technician.;Jose Garcia @

TASK:

@D

Duration

Description Est.

(hrs)

Proposal**
1a Outline
1b Intro
1c Methods
1¢ Analysis
1e Discussion
1f Parts@ndBudget
1g Drawings
1h Schedule
1i Summary®R@Appx
subtotal:

Analyses
2a Calculation@fiSteel@VireSize
2k Rangelfinotionifingerknucklel
2c Gearftircumference
20 Articulate@ovement?
2e FingerfPressure
21 CoefficientifiFriction
2g JointfFriction
2h Pressfitipinttotknucklegoint
2i Actuatorflifeltime
2j Highest@eflection
2K PressHitBinfoBear
2mPinDiameter

subtotal:

3k Part@@rawing:MiddlePartFinger
3¢ PartB&irawing:End@PartFinger
3¢ Part@@irawing:@Hand@oint

3e PartBRirawing:PinBize®.20

31 Part@®@rawing:fHand@op

3g Part@@rawing:MandBottom
3h PartBRirawing:®PinBize®.375

3i Part@rawingSpiralBevelGear
3j Partd0@rawing:Bervo

3k Part@ 1Rirawing:MBattery

3 Part@ 2@rawing:Bcrews
3mAssembly

subtotal:

Proposal Mods
4a Project@chedule
4b Project®artinv.
4c Crit Des Review*
subtotal:

Part Construction

5a MakePart

Sk MakePart2

5¢ Make®Part3

50 MakelPart#

Se MakePart®

5f Make@Part®

5g MakePart

Sh MakePart®

5i BuyiParti®

5j BuyPart0

5k BuyfPart@ 1

51 BuyParta2
SmTakePart®ictures
5n Update@ebsite

5c Manufacture®lan*

subtotal:

Device Construct
62 Assembly
6e TakeevPictures
6f Update@Vebsite
subtotal:

Tasks
7a Ordering Parts
7b Creating Pins from Aluminum
7c Testing Servo
7d Wrie testing & Crimmping
7e Place Holder between Servo/Gear
7f Arduino Testing
7g Testing@holeBystem
7h 3D Printing Body
7i Create full motion Funtion
7h LookiForlefects@ndEFixThema
subtotal:

495 Deliverables
8a GetfReportGuide
8b MakeRep@utline
8¢ WriteReport
8¢ MakelBlide®utline
8e CreatelPresentation
subtotal:

TotaliEst.tHours=

[ o P U P S P P P P T T (RIS

[T I P P T PR IS (TR

[EArTT TN

Actual

(hrs)

September

W WA NG WR Lo N w e w PR RERRERNMNNNNNNNN ENINRNEN]

[SRINRINRINRIN

212=TotalRctualiHrs

March®®Presentation
June@5-17@priFinals

10/1/16

10/8/16

October

10/15/16

10/22/16

10/29/16

11/5/16

November

11/26/16

December January

H N . -

2/4/16

February

2/11/16
2/18/16
2/25/16

3/3/16

March

3/10/16

3/17/16

3/24/16

3/31/16

4/7/16

4/14/16

4/28/16

5/5/16
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APPENDIX F — Expertise and Resources
Steel Wire Acquired From:

https://www.tedpella.com/company html/wire gauge.htm

Spiral Bevel Gear Acquired From:

http://www.mcmaster.com/#6529k11/=101c6h0

Servo Acquired From:

http://www.hobbyking.com/hobbyking/store/ 8303 Hextronik MG 14 14qg 2 6kg 0O
11sec Digital Aircraft Servo.html

Arduino

http://store-usa.arduino.cc/products/a000066

Battery Acquired From:

FredMeyer
Screw

http://www.mcmaster.com/#91221a965/=10mlpjg

Benchmarch Prosthetic Hand

http://inmoov.fr/inmoov-finger-prosthetic/

3D Printer Material Abs Plastic

Central Washington University
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https://www.tedpella.com/company_html/wire_gauge.htm
http://www.mcmaster.com/#6529k11/=101c6h0
http://www.hobbyking.com/hobbyking/store/__8303__Hextronik_MG_14_14g_2_6kg_0_11sec_Digital_Aircraft_Servo.html
http://www.hobbyking.com/hobbyking/store/__8303__Hextronik_MG_14_14g_2_6kg_0_11sec_Digital_Aircraft_Servo.html
http://store-usa.arduino.cc/products/a000066
http://www.mcmaster.com/#91221a965/=10mlpjg
http://inmoov.fr/inmoov-finger-prosthetic/

APPENDIX G — Evaluation sheet (Testing)

Everything has been on schedule, but their was an issue with the prosthetic finger so if
was redesigned several times to meet its new specifications. For example, in the prosthetic finger
their wasn’t enough tension in the wire, so to fix the problem tracks were made towards the top
of the finger so rubber bands can be placed to keep the finger flexible and give it the right
amount of tension issue. Another issue that occurred was the coding from the Arduino because
even though it was written correctly it wasn’t functioning properly. Also the servo was working
properly because of how the gears chain was made.
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APPENDIX H — Testing Report

Prosthetic finger will be measure by a caliper, weight by a scale, and tested on a breadboard and
electrical software from the electricity lab. When the prosthetic finger was printing several
different parts the holes shrank and closed, so they had to be machined. Another issue that
occurred was that the shaft for the pin to spin for the spiral bevel gear was press fit. So the side
of the prosthetic hand needed to be machined through too great a pin that was press fit on the
spiral bevel gear, a slot for the string to wrap around, and enough clearance on the shaft and pin
to have it spin properly to contract and recon tract the prosthetic finger.

Projact; Prosthetic Fingar Lmitizls IG Pariod Covenng: 1/13/16—1/15/16

Descriphon of Tazk, Time =pent, and Results Disposition:

TASE# 1. Ordering Parts ~ HEZS: & CONMENTE: It should have onlyr taken an hour or
lesz to order the parts, but more
rezzarch was dons to venfy that tha
corract parts wers bemg orderad.

TASE# 2: Creating Pms from Alwminem  HES: 1 COMDMENTS: Smee the material was
already m the machine
show with the comect
diameter the cuting
portion and measuring
to length made things
simplar,

TOTAL TIME. 7 (Hours durmg this week))

SUMMARY OF PROGRESS:

3o far evervthing 1z on schadule and zince the alummum had already had the correct diameter and
was in the shop that took off a lot of time for machining it down to size and paving for the cost of the
matarial Thiz amount of time that was made up helpad for the amount of time lost for doubla chackme
the matenal bemng ordered was the corract cne.

ACTIONSE TO BE TAEKEN: (describe vour plans for next waak).

Wext week parts should armive, once parts zre here they will all be measured and tasted to see 1f
evervthing iz the correct material nead and meats its requirements.

ONBUDGET®  Ifnot, explain.
ez, =0 far evervthing 1z on budget and 15 on scheduls.
ON SCHEDULE { Attached Gantt chart. All tasks to date should show 100% complstion.

IF MOT on schedule, pleaze indicate, in a few zantences, how you plan to get the project back on
schadule.
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Projact; Prosthetic Finser Imitrzls I Penod Covermng:_ 17181612316

Deescription of Tazk, Time spent, and Fesults Disposition:

TASE# T7c HES: 1 CORDIENTE: Tested the sarvo to zee 1f 1t would tum 360 degrees at

5 volts of electricity. Testing actually took less than
10 mumutes which benefittad ma in tima.

TASEs# 7d HES: 3 COMMENTS: The wire was tested in usimg differant kmots to zee
which kmot would be able to held six pounds of force
with out brezking sasily, since the wire and the knet
are rather emall. Testing took longer than 1t zhould
have, [ was aimmg for an hour and recerved two
extra hours [ didn’t aceount for.

TOTAL TIME: 4 (Hours durmeg this week)

SUNMMARTY OF PROGEESS:

Everyvthing iz back on schadule at first schedula was puzhad back because the parts wears tzking
longer to come then expactad, but once they amrive I was able to test the servo and attempt to make several
differant kmots with the steal wire. An 1zsus that did anse with the servo was that sincs thers ware
differant tools that already came with the kat 1t was poszibla to have the servo rotate 360 degrass, but therr
needs to be something made to hold the serve and gear together. Also sines the wire was so small and
gnpping it down was an option havmg craate knots was the naxt bast thing.

ACTIONE TO BE TAKEN: (deseribe vour plans for next wask).

Mext waek [ will create a place holder zo the servo and gear can connect corractly and the Arduine
will ba codad so 1t has the correct actions to move the sarvo to the comrect specifications.

ONBUDGET®  Ifnot, explain.
Yez, zo far everything is on budzet and 1= on scheduls.

ON SCHEDULE { Attached Gantt chart. All tasks to date should show 100% complation.

IF NOT on schedule, plaazs indicate, in a fow sentencas, how you plan to get the projact back on
schedule.
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Project; Prosthetic Finsar Imitials IG Period Covering:_ 1726/ 16—2/1/16

Descriphion of Tazk, Time spent, and Results Dizposition:

TASE# Te HES: 1 COMMENTE: Sarvos gear diamater 1= rather small =0 a place holder
was needad to be made to comnect the servo and
spiral bevel gear together.

TASE# 7f HES: 4 CONMMENTS: The Ardumo was coded zo 1t can have simple
functions to move the sarvo and the system.

TOTAL TIME; 3 (Hours durmg this week)

SURLIARY OF PROGERESS:

Evarything iz on schedule, things are nmming smoothly, all mo parts have baan pather, but there 15
one 1ssue from analvzing the 3D prosthefic finger 1t can be zaid that their mizht not be encugh tenzion mn
the stas] ware to keep the finger straizht when its m 1t onginal straizht pesition.

ACTIONE TO BE TAKEN: (describe vour plans for next wask).
Wext week the purpose will be to create and redezizn small parts of the prosthetic finger so rabber

bans can be placed in between the jomts to keep the finger strazght. Also the Arduine, serve, and gear will
ba testad to zee if it 1= working properly.

ONBUDGET®  Ifnot, explain.
Yoz, zo far evervthing iz on budzet and 15 on scheduls.

ON SCHEDULE g Attached Gantt chart. All tasks to date should show 100% complstion.

IF MOT on schedule, pleaze indicate, in a few zentences, how you plan to get the project back on
schadule.
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Praoject; Prosthetic Finzar Imitials G Peried Covering:_ 2/4/16—2/8/14

Deseriphion of Tazk, Tims zpent, and Fesults Disposition:

TASE# 7= HES: & COMDIENTS: The prosthetic finger had to be radesizned only on the
upper parts of the jomts bacausa thers wazn't enough
tension between the steel wire and the wire to tracks
were made so rubber bands can be placad on the
inside to stabilize the finger and have 1t contract and
extend as expected.

TASKE# Th HES: 4 COMMENTS: The Arduine was attachad to the servo and gear, o it
can be testad to move the spiral bavel gears.

TOTAL TIME; 10 (Hours during this week)

SULMMARTY OF PROGEESS:

Evarything iz on schedule, the 3D prosthetic finger 15 taks 3
that 1z not a very big 1szue. The zrudmeo might need some more {:C"il.‘l‘.‘lu tu hrre 1t ﬁu:u:um bet'ter

ACTIONE TO BE TAKEN: (describe vour plans for next waak).

Wext week the purpose will be to test the Arduine, sarvo, and gear with the 3D printed finger to
zee 1f 1t 1= working properly.

ONBUDGET®  Ifnot, explain
Yoz, 2o far everything 1z on budget and 15 on scheduls.

ON SCHEDULE { Attached Gantt chart. All tasks to date should show 100% completion.

IF MOT on schedule, please indicate, in a fow sentences, how you plan to get the projact back on
schadule.
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Praoject; Prosthetic Finzar Imitials G Parted Covering: 2/53/16—2/15/16

LN

Deseriphion of Tazk, Tims zpent, and Fesults Disposition:

TASE# T1 HES: 14 COMDBENTS: The prosthetic finger was 30 printed. It tock longer
to prmt than expactsd and the holaz came out
deformed.

TASE# 7] HES: 1 COMMENTE: The buzhing was tested to see 1f it fits in the spiral
bevel gear and zarvo to make sure it spins correctly.

TOTAL TIME; 15 (Hours during this week)

SULDMMARTY OF PROGEESS:

Evarything iz on scheduole, the 3D prosthetic finger 15 13 3y
that 1z mot a very big 1szus. Tha am.dm might need some maore {:\a:u:ln:l1=I tu h;n'e 1t ﬁ.mcnon l:ll!ﬁEI'

ACTIONE TO BE TAKEMN: (deseribe vour plans for next waak).

Wext week the purpose will be to fix the deformed holes on the 3D printed fingar and tested all the
parts fogather.

ONBUDGET®W  Ifnmot, explain.
Yez, =0 far everything 15 on budzet and 15 on schedule.
ON SCHEDULE g Attached Gantt chart. All tasks to date should show 100% complstion.

IF NOT on scheduls, pleazs indicate, in a fow zantences, how you plan to get the projact back on
schadule.
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Project, Prosthetic Finger Initials  JG  Period Covering: _2/3/16—2/15/16
Descriphion of Task, Toma zpent, and Kesults Disposition:
TABE# 71 HRES: 2 COMMENTS: The prosthetic finger holes came out
deformad, but where fixed.
TASE# 7 HES: 1 COMMENTE: The sarvo was tested to make zurs it spins correctly,

but 1t couldn’t fully form all the way. Ther will be
new code placed in the zervo to make 1t spin
properly.

TOTAL TIME; 3 (Hours durmng this week)

SULLARTY OF PROGEESS:

Everything iz on schedule, the servo and arpding need more coding to have it function properly.
ACTIONS TO BE TAKEN: (deseribe vour plans for next waak).

Mext week the purpose will be to fix tha coding and tested all the parts togather.
ONBUDGET®  Ifnot, explain.

ez, o far everything is on budzet and is on scheduls.
ON SCHEDULE ﬁ/ Attached Gantt chart. All tasks to date should show 100% complation.

IF NOT on schedule, plaaze indicate, in a fow santencas, how you plan to get the projact back on
schadule.
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Praoject; Prosthetic Finsar Imitials IG Pariod Covering:_ 2733/ 16—2/25/16

Descniphon of Tazk, Time =pent, and Results Disposition:

TASEs Ti HES: 2 COWMMENTS: The prosthetic fingers tracks ware closed. so thay were
fillad and seraped to open up the track to the correct
size needad.

TASK# 7 HES: 2 COMMENTE: The zarvo was tested to make zure it spms correctly,
but it cguldn’t fully furm all the way. Their will be
new code placed in the servo to make 1t spin
properly.

TOTAL TIME; 4 {Hours during this week)

SULDMARY OF PREOGEESS:

Evarything iz on schedule, the servo and Arduine need mers coding to have it function proparly.
The track naads to have a2 z:mall anchor on the outzide of the finpers wall to properly hold the wire m
place.

ACTIONSE TO BE TAKEN: (deseribe vour plans for next waak).
Weaxt week the purpose will bs to fix the coding and fingar and test all the parts together.
ONBUDGET®  Ifnot, explain

Yez, o far everything 15 on budget and 15 on scheduls.

ON SCHEDULE { Attached Gantt chart. All tasks to date should show 100% complation.

IF NOT on scheduls, plaaze indicate, in a fow zantences, how you plan to get the projact back on
schedule.
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Project; Prosthetic Finzar Imitials G Peried Covening:_ 22%/16—35/07/16

Descriphon of Tazk, Tims =pent, and Results Tizposition:

TASE# 71 HES: 4 COMMENTE: The prozthetic fingers hola to tie the koot of the stasl
wire was small so a drill was uzed to make the hole
largar. Alsg. the servo and spiral bevel gear that was
attached was off center to the othar spiral beval gear

=0 2 baszs was created to evenly balancs the servo

with the spiral bavel gaar.

TASE# T) HES: 3 COMMENTR: The servo was tasted to make sure it spms correctly
with 1tz new code, but it couldn’t fully turn all the
way because thare was something stuck 1n the gears
20 1t was taken apart and fixed.

TOTAL TIME, 7 (Hours durmg this week)

SULDMARTY OF PROGEESS:
Everything iz on schedule and the prosthetic finger 1=z working properly.
ACTIONSE TO BE TAKEN: (deseribe vour plans for nest waak).
Wext week the purpoze will be to prezent the project.
ONBUDGET®  Ifnot, explain.
T ez, =0 far everything iz on budzet and 15 on scheduls.
O SCHEDULE { Attached Gantt chart. All tasks to date should show 100% completion.

IF MOT on schedule, plaaze indicate, 1n a few sentencas, how you plan to get the projact back on
schadule.
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APPENDIX | — Testing Data

The prosthetic finger became a success over the time.
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APPENDIX J— Resume

Jose Garcia
Moore C-9 1300 N. Walnut Ellensburg, WA, 98926 (509)-539-5195 | garcijose@cwu.edu

EDUCATION
Bachelor of Science in Mechanical Engineering Technology  Anticipated June 2017
Specializing: Manufacturing
Central Washington University, Ellensburg, WA

Dean’s List — 6 quarters Fall 2012 - Spring 2013
GPA: 3.31
Leadership/Activities
Member TRIO SSS Program 2012 — Present
Member McNair Program 2014 — Present
Member Douglas Honors Program 2014 — Present
Member American Society of Mechanical Engineers (ASME) 2012 — Present
Member Experience Leadership Project (ELP) Fall 2012
-1 Completed several projects to build my leadership abilities via team building
exercises
-1 Leadership Training
Member The National Society of Collegiate Scholars (NSCS) 2014 — Present
-1 VP, Public Relations
Senator, Christian Club Fall 2013 — Present
-1 Go to monthly meetings and discuss ideas on how to improve the church
Volunteer, Asia University America Program (AUAP) 2012 — Present

-1 Teach Japanese students English skills and real life situations

PROFESSIONAL SKILLS

Language: Fluent in Spanish (Speaking)

Computer Skills: PowerPoint, Word, Proficient in Macintosh, Window Systems, AutoCAD,
Rhino, and SolidWorks

EXPERIENCE
Reserve Officers' Training Corps (ROTC) Cadet, CWU, Ellensburg, WA Sept. 2012 — Sept. 2013
-1 Led 56 fellow cadets both directly and by example
-1 Solved complex problems in a time sensitive, stressful situation

Habitat for Humanity, Pasco, WA Sept. 2012
-1 Helped create houses for low income families

Mover and Shaker, CWU, Ellensburg, WA Sept. 2012
-1 Directed students to their residence hall room assignment
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