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Project 
Description

A robotic hand that matches the 
capabilities of the human hand

Finishing finger design and 
beginning thumb and wrist design

Sponsored by:
Dr. Zach Lerner

Dr. Reza Razavian
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Design Description

Markus 3



Design Description
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Design Description

● Uses motors to pull a tendon for actuation
● Each joint only allows for one DOF
● So 2 joints to replace a single joint in hand

○ Ie one for flexion and one for deviation in the wrist
● Finger subsystem attaches to wrist through palm 

extension coming from “Wrist Deviation”
● Thumb (not pictured) will attach in front of palm 

extension and operate similarly to other fingers
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Control Theory
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Code start

If setup 
worked

N
o

Exit

Yes For pulse 
width < 1024

Increment 
pulse width

For pulse 
width > 100

Decrement 
pulse width

➢ Servos use pulse width modulation to specify angular position.
➢ Two for-loops iterate through the range of pulse width values, 

moving the finger from its min to max position.



Control Theory

➢ This control scheme serves only as proof-of-concept for servo 
control.
○ We will have “nested” control.

➢ Example:
○ Grasp object function calls the move finger functions, specifying desired 

angular positions.
■ Each move finger function uses PWM to move the finger’s motor to 

the desired angular position specified by grasp object.
➢ This affords us much modularity.
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Customer Requirements

● Strength 
● Speed 
● Accurate Dimensions
● Accurate Weight
● Budget
● Many Degrees of Freedom
● Standard Form of Power to Function
● Basic Functional UI
● Precise Motion
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Engineering Requirements

● Grip force (120-160N)
● Extension/Closure time (250-350ms)
● Approximate Size (1-1.5X)
● Approximate Weight (1-1.5X)
● Manufacturing Cost ($1500)
● Degrees of Freedom (20 Deg)
● Ease of operation (10-20min start)
● Cycles (10K)
● Positional Accuracy (+/- .5mm)
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QFD
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Engineering Calculations
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Motor Torque Analysis

Need: Press a piano key.

With a rudimentary statics analysis, and 
accounting for a 50% loss in efficiency 
through the tendons, required motor 
torque is 0.144Nm.

A very attainable value.



3R Planar Manipulator Velocity Vector
Taking time derivative of forward kinematics equation and converting to matrix 
form yields:

For lengths from previous analysis and example angles and velocities:

This equation can be iteratively solved for the velocity vector of the fingertips
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Gear Teeth and Speed Calc

Gear Ratio of 2:1

● Higher torque, more precise, slower movement.
● Gear teeth are 40 and 20 teeth

Input Speed of 278 RPM (from a previous calculation)



Tendon Pulley Analysis

David 15

Tendon Material: PBO
Young’s Modulus: 270 GPa
S(ut): 5800 MPa
Seʹ: 2900 MPa
F-max = 40N
Tendon Diameter: 0.25mm

Pulley Diameter:

Cross Sectional Area:

 Tension Stress:

Bending Stress:

Total Stress:

Stress ratio:



16Justin



Markus 17

Pin Shear Stress Recalculation

● Shear force is sum of Ft+Fg
○ Ft is from tendon
○ Fg is external load at fingertip

● Ft is a result of the torque at a given joint and the 
length of the moment arm

● Shear stress is a result of shear force divided by 
cross sectional area

● Smallest cross sectional area as determined by 
Solidworks

● Final expanded shear stress equation 
in terms of torque, radius of moment arm, 
force at fingertip, and diameter of joint



● Fg from forces in finger distribution (pres 1)
○ Clients are less interested in strength so 

forces are halved

● Max shear is apx 26 MPA
○ Carbon fiber has similar shear strength

Shear Stresses on Joints cont.
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Calculation Table
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Design Validation
Most critical components are servos, motors, and angle sensors, according 
to the RPN values:

Failure mitigated by selection of high quality components

Cable housing greatly reduces possibility of tendon cord ductile failure
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Testing Overview
Engineering Requirement Units Target Tol. Tests

Grip Force N 120-160 20 Have the hand statically hold dumbbells of increasing weight 
from 5-25 lbs based on analysis of strength

Grip Speed ms 250-350 50 Time for 10 complete extensions and closures

Size of Average hand/forearm cm^3 1200 400 Volume analysis in solidworks

Weight of average hand/forearm kg 3.5 1 Weighing apparatus on scale

Cost of Manufacturing $ 1500 250 Total price of each part in final design

Many DOF # 20 1 Count DOF in final design

Easy to power V 120 0 Plug into wall outlet and operate

Easy to use interface min 10 5 Teach each client individually and time how long until they are 
confident to run and test independent of instructor

Precise and Accurate Motion mm 1 .5 Pick positions in 3d space and determine accuracy. Play the 
piano

Longevity # 10,000 250 Use a single finger to fully close and open until it fails



Schedule
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Schedule
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Budget

Justin
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Virtual Prototype

A MATLAB code was implemented to simulate 3-Link forward kinematics

The script utilizes a function to take 6 inputs: L1, L2, L3, theta1, theta2, and theta3

Using lengths and angles from previous analyses, the outputs are show below for 
different angles:
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Virtual Prototype

The outputs for each input are shown below in a graph:

This virtual prototype informs the design and data collection of the interface software
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Physical Prototype

➢ How does it function?
○ Raspberry Pi uses the control flow mentioned previously 

to sweep through the range of motion

○ The sweep is performed by gradually increasing and 
decreasing the pulse width
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