Caden Krohn, Jacob Price, Ty Lancaster MINNESOTA STATE

MANKATO

ECET Department, Minnesota State University, Mankato

& Robotic Trans Radial Prosthetic MKIII /
- Faculty Mentor: Dr. Puteri Megat Hamari UNIVERSITY

BACKGROUND SYSTEM DESIGN

Figure 3: Prosthetic

PROSTHETIC LIMBS HAVE EVOLVED

MUCH OVER THE LAST CENTURY. ROBOTIC
PROSTHETICS CAN BE PROGRAMMED TO
PERFORM A WIDE RANGE OF FUNCTIONS.
THESE TYPES OF MEDICAL DEVICES
ATTEMPT TO RESTORE MORE
INDEPENDENCE TO AMPUTEES. COSTS FOR
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THE SYSTEM USES AN
ANALOG JOYSTICK AS ITS PRIMARY
INPUT. ITS OPERATION IS SIMPLE, MOVE
IT EITHER UP OR DOWN TO OPEN AND
CLOSE THE HAND, AND CLICK THE
BUTTON TO LOCK THE HAND IN PLACE.

THESE MEDICAL DEVICES CAN RANGE FROM
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$8,000 - $100,000. HOWEVER,
INSURANCE COMPANIES OFTEN REFUSE TO PAY MUCH OF THE COST,
AND THIS BURDEN IS LEFT ON THE PATIENT.

USER INDEPENDENCE.!
A COMMON PROBLEM AMONG EXISTING PROSTHETICS IS THE
REQUIREMENT OF A THIRD PARTY FOR MANY ASPECTS OF THEIR USE.

FOR EXAMPLE, IF THE USER WANTS TO
EQUIP THEIR PROSTHETIC; THEY WILL
TYPICALLY NEED HELP FROM ANOTHER
PERSON DUE TO THE ATTACHMENT
MECHANISMS. THIS CAN PREVENT THE
USER FROM UTILIZING THEIR
- PROSTHETIC. NOT ONLY IS EQUIPPING THE
Figure 1: Prostheticand =~ PROSTHETIC A COMMON STRUGGLE, BUT
Base Station RE-CHARGING AND SWAPPING POWER
SOURCES IS ALSO AN ISSUE.

PROHIBITIVE COST:

PROSTHETICS HAVE HISTORICALLY BEEN AND ARE
CURRENTLY PROHIBITIVELY EXPENSIVE. AS MENTIONED PRIOR,
THESE DEVICES COST BETWEEN 4 AND 6 FIGURES. OUR SOLUTION,
UNDERCUTS THIS FIGURE BY AN ORDER OF MAGNITUDE (ROUGHLY
$200/UNIT) INCREASING ACCESSIBILITY.

PROPOSED SOLUTION

OUR PROPOSED SOLUTION FEATURES TWO PRIMARY COMPONENTS, A
PROSTHETIC ARM CONTROLLED VIA AN ANALOG JOYSTICK, AND A BASE
CHARGING STATION. IT UTILIZES SEVERAL COMPONENTS (SEE SYSTEM
DESIGN) TO CREATE A SEAMLESS SYSTEM AIMED AT CONFORMING BETTER TO
THE USER’S DAILY NEEDS. THE PROSTHETIC FEATURES AN INTUITIVE SYSTEM
FOR EQUIPPING AND REMOVING THE DEVICE BY UTILIZING A FLEXIBLE 3D
PRINTED SOCKET. THE BASE CHARGING STATION, AS THE NAME IMPLIES IS
RESPONSIBLE FOR KEEPING THE BATTERY CHARGED WHEN THE USER ISN’T
WEARING THE DEVICE. IT ALSO HAS A GRIP BAR SO THAT THE ARM HAS
SOMETHING TO BRACE AGAINST WHEN THE USER NO LONGER WANTS TO
WEAR THE DEVICE. SEE THE BLOCK DIAGRAM BELOW (FIGURE 2) FOR MORE
INFORMATION.

Figure 2: System Block Diagram
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RECHARGEABLE BATTERY BANK

THE SYSTEM IS POWERED BY A RECHARGEABLE
BATTERY BANK. IT FEATURES A 5000 MAH CAPACITY
CAPABLE OF SUPPLYING 5 VOLTS AT 2 AMPS. WITH OUR
BASE STATION, CHARGE TIME IS UNDER 4 HOURS, AND
THE BATTERY CAN LAST OVER 24 HOURS.

FLEXIBLE SOCKET

THE SOCKET IS INSERTED INTO THE ARM CHASSIS
AND THEN WORN BY THE USER TO GIVE A CUSTOM FIT. IT
IS PRINTED USING TPU FILAMENT, ALLOWING IT TO
REMAIN FLEXIBLE.

SEMI-CIRCULAR HOLDING PAD

THE SEMI-CIRCULAR HOLDING PAD IS
RESPONSIBLE FOR SUPPORTING THE ARM WHILE IN THE
BASE STATION. IT HELPS TO ALIGN THE PROSTHETIC
WITH THE CHARGING CABLE. IT IS PRINTED OUT OF PLA
FILAMENT.

GRIP BAR

THE GRIP BAR IS A CRITICAL COMPONENT IN THE
BASE STATION. IT ALLOWS THE USER TO LOCK THE ARM
IN PLACE, SO THEY HAVE SOMETHING TO HOLD IT WHILE
THEY REMOVE OR EQUIP IT. IT IS ALSO PRINTED OUT OF
PLA PLASTIC.

FUTURE IMPROVEMENTS

* CREATE A SINGLE PCB FOR PROSTHETIC INTERNAL ELECTRONICS.
 IMPLEMENT AN ELECTROMYOGRAPHY (EMG) SENSOR FOR MORE NATURAL CONTROL.

* REDESIGN 3D MODELS FOR MORE NATURAL FIT.
* IMPROVE WATER RESISTANCE.
* IMPROVE OVERALL COSMETIC APPEAL.

ESP32 MICROCONTROLLER

THE ESP32 IS THE “BRAINS” BEHIND
THE PROSTHETIC’S ELECTRONIC SYSTEM. IT IS
RESPONSIBLE FOR TAKING INPUT SENT BY THE
ANALOG JOYSTICK AND OUTPUTTING THE
CORRESPONDING PULSE-WIDTH MODULATED
SIGNAL WHICH IS SENT TO THE MOTOR DRIVER
BOARD. IT ALSO HANDLES THE LOCK FUNCTION.

LINEAR ACTUATOR

THE HAND OPERATION IS CONTROLLED BY A 12V
64N LINEAR ACTUATOR, WHICH RECEIVES SIGNAL FROM
THE MOTOR DRIVER BOARD.

PLA PLASTIC CHASSIS

THE PROSTHETIC’S CHASSIS IS CREATED WITH POLYLACTIC AcID (PLA)
PLASTIC. THIS FILAMENT IS A NICE BALANCE BETWEEN STRENGTH AND
WEIGHT. IT IS ALSO EASY TO PRINT WITH, CHEAP AND MORE SUSTAINABLE

THAN OTHER PLASTICS.

MOTOR DRIVER BOARD

THE MOTOR DRIVER BOARD IS RESPONSIBLE FOR CONVERTING PWM
SIGNALS SENT BY THE ESP32 INTO A VOLTAGE. THIS VOLTAGE IS SENT TO
THE LINEAR ACTUATOR AND CONTROLS THE EXTENSION OF THE HAND.

WOODEN BASE CHASSIS

THE BASE STATION CHASSIS IS CONSTRUCTED OUT OF PLYWOOD AND
HAS THE FOLLOWING DIMENSIONS: LENGTH — 14.5 IN, WIDTH — 11.75 IN,
HEIGHT — 9.5 IN. IT HAS A HOLLOW INTERIOR FOR ELECTRONIC COMPONENT
HOUSING. INSIDE IS A CUSTOM PCB THAT HANDLES CHARGING LOGIC. THE
PCB IS POWERED THROUGH A HOLE IN THE SIDE OF THE CHASSIS, AND
POWER GOES OUT THROUGH A CABLE ALIGNED WITH THE PROSTHETIC.

CusTtOoM PCB

THE CcUSTOM PCB IS HOUSED INSIDE OF THE BASE STATION AND IS
RESPONSIBLE FOR CHARGING CONTROL. WHEN THE PROSTHETIC IS WITHIN
RANGE AND ALIGNED PROPERLY, THE CIRCUIT WILL START CHARGING THE
BATTERY AND TURN ON A STATUS LED. IT IS POWERED BY A DC WALL PLUG.
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