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Opportunity
Numerous prosthetic hands and gripping devices for amputees are available on the market today.

However, many of these devices are rigid at the wrist and do not allow users to control the angle at which
they grip objects. Our solution employs a differential drive that empowers the user to move their hand
with two degrees of freedom at the wrist with flexion/extension and supination/pronation.

High-Level Strategy
Our prosthetic wrist includes two DC brushless motors, geared power transmission shafts, and a

differential to achieve two degrees of freedom: extension and flexion; supination and pronation. The user
can adjust the position of two potentiometers to actuate the motion of the wrist. One is for supination and
pronation, and the other is for extension and flexion. Once the appropriate potentiometer is rotated, the
data is processed by an ESP32 microcontroller to calculate the speed and direction in which the DC
motors should move. The rotational motion is transferred to the differential by the geared transmission
shafts and pulleys. Our team intended to utilize myoelectric sensors to control the prosthetic wrist.
However, achieving a stable signal from the myoelectric sensors became a challenge due to the proper
positioning of the sensors and the fluctuations that are associated with the flexing of muscles. Adding a
gain and proportional control may mitigate these fluctuations.

Integrated Physical Device



Function-critical decisions
The main function-critical decisions our team made were the sizing of the motors and the

selection of the bearings. Our team decided that designing for a 22.2 N load was appropriate for our
product because that is the approximate weight of a five-pound dumbbell. The torque that our motor
needs to counteract and overcome is as 𝜏LOAD = R x fLOAD,where R is the distance between the load's center
of gravity and the center of the differential about which the load would be rotating. The weight force fLOAD
acting at distance R is 22.2 N. Assuming a worst-case scenario where the wrist is in flexion, or extension,
at 90 degrees, the torque 𝜏LOAD calculated is approximately 9 kgᐧcm. The required torque of the motor is
then calculated to be 1.6 times 𝜏LOAD, so that the torque due to the load would not exceed sixty percent of
the motor’s stall torque. Hence, the calculated 𝜏MOTOR is approximately 15 kgᐧcm leaving a factor of safety
of 1.6. The motor we acquired was rated at a stall torque of 18 kgᐧcm, giving us a safety factor of 2.0, and
the motor included an encoder. We also obtained a power supply that could provide the twelve volts
needed to run the motor. The motor’s stall current is seven amps, and the power supply provides up to
13.4 amps. To further increase the torque output of our system, we included a transmission gear that was
1.5 times larger than our motor gear, increasing the output torque to 27 kgᐧcm.

Using a pulley system meant that lateral forces experienced by our bearings would be due to
radial gear forces and pulley preload forces. For the radial gear forces, we calculated the tangential force
produced by the motor gear as where is the torque produced by the motor, and is the𝐹
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diameter of the motor gear. The motor gear produces a radial force that can be calculated as
where 𝛼 is the pressure angle. Thus, the motor gear outputs a radial force of𝐹
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approximately 65.5 N. The pulley preload force is calculated as where is the torque of the𝐹
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transmission gear and is the radius of the pulley. The pulley preload force is calculated to be 333.3 N.𝑟
Using a sum of forces, we calculated that each bearing would experience approximately 200 N. Since the
bearings were rated for 845 N each, we were within the operating radial force limit of our bearings.



Circuit diagram

State transition diagram

Reflection:
One task we wish we had worked on sooner is the coding porting of this project. We spend a significant
amount of time debugging our code, and ensuring the code executes the indeed actions. Another task we
should have completed sooner is the ordering of the parts and assembling of the components. We
encounter a few challenges during the assembly process such as securing the differential housing, and
tolerance issues that cause there to be play in the differential housing support structure.



Appendix
Bill of Materials:

Vendor Part No. Description Req.Qty
Order
Qty

Unit
measure Price Total

Berkeley Ace
Hardware N/A Collar 1 1 Each 3.49 3.49

Berkeley Ace
Hardware N/A Washer 1 1 Each 0.33 0.33

Berkeley Ace
Hardware 5118088

Aluminum Angle
1/6"X3/4 X 48" 1 1 Each 9.59 9.59

Berkeley Ace
Hardware 900086 Bearings 2 2 Each 14.99 29.98

Berkeley Ace
Hardware 25106 Metric Hex Key Set 1 1

Set of 7
pc 4.99 4.99

Berkeley Ace
Hardware 2299907

Cm Combination
Wrench 8 mm 1 1 Each 7.59 7.59

Berkeley Ace
Hardware 299881

Cm Combination
Wrench 10 mm 1 1 Each 8.99 8.99

McMaster-Carr
6484K29
6

Timing Belt Pulley,
XL Series, Trades
Number
90xL031,5.6" Wide 2 2 Each 7.03 14.06

McMaster-Carr
91235A4
15

Belleville Spring
Lock Washer, 18-8
stainless steel, for
M6 screw size,
6.20mm ID,
14.300mm OD,
Pack of 10 1 1

Set of 10
pc 12.91 12.91

McMaster-Carr 5905K76

Needle-Roller
Bearing, Open, for
16 mm shaft
diameter 2 2 Each 10.97 21.94

McMaster-Carr 6056N14

Carbon Steel Screw
collar for 6mm
Shaft diameter ,
DIN 705 1 1 Each 2 2

McMaster-Carr 2810N1
Plastic Miter gear,
0.5 Module 3 3 Each 3.2 9.6

McMaster-Carr 4138N71

1045 Carbon Steel
Rotary shaft, 6mm
diameter, 200 mm 3 3 Each 18.11 54.33



long

McMaster-Carr
1277N71
1

Corrosion-Resistant
Timing Belt Pulley,
XL Series, Hub, 2
Flags, 9.5
maximum Belt
Width, 22mm OD 4 4 Each 12.83 51.32

McMaster-Carr
57155K4
81

Flanged Ball
Bearing, Steel,
open Trade Number
606 7 7 Each 9.2 64.4

McMaster-Carr 6056N14

Carbon Steel Screw
collar for 6mm
Shaft diameter ,
DIN 705 6 6 Each 2 12

McMaster-Carr 3560N13

Metal Miter Gear,
303 Stainless Steel,
Round Bore, 1
Module, 20 teeth,
21.4 mm OD 3 3 Each 45.27 135.81

McMaster-Carr
2664N32
3

Metal Gear - 20
Degree Pressure
Angle, Round with
Set Screw, 0.5
Module, 40 teeth, 6
mm shaft 2 2 Each 23.21 46.42

McMaster-Carr
2664N32
8

Metal Gear - 20
Degree Pressure
Angle, Round with
Set Screw, 0.5
Module, 60 teeth 2 2 Each 25.06 50.12

TOTAL 539.87
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