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Project 
Description

A robotic hand that matches the 
capabilities of the human hand

Sponsored by:
Dr. Zach Lerner

Dr. Reza Razavian
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Black Box Model
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Dexterous 
Manipulation

Tendons, joints, 3D 
printed parts

Motors

Control algorithm

Articulate Hand

Kinetic energy

Positional accuracy

TAKEAWAYS:
>> Dyneema (or similar material) tendons
>> Ball bearings for joints
>> CFR printed parts
>> Mix of brushless motors and servos
>> Forward and reverse kinematics in the control algorithm



Quality Function Deployment
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Concept Generation
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Concept Generation

● Designed for mechanical strength

● As little “play” in the joints as possible

● Easily modifiable to accommodate angle 
sensors and complex tendon routings

● Does not currently have sensor mounts or 
definitive tendon placement
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Concept Generation

● Designed for omnidirectional joint

● Uses snap joints for ease of assembly

● Only a proof of concept and practice 
for 3D printing
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Concept Generation - Noah

>> Functional rather than sleek

>> Serves as a testbed for angle 
sensing and tendon actuation

Noah Enlow 3/3/2025 8



Concept Generation - Tyler

● Base joint multi directional or two 
separate joints

● Other joints one directional

● Ball and socket

● Flex angle sensor
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Concept Generation

● Hollow body

● Pin hinges

● Tendon routing 

● Base joint
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Concept Evaluation-Specification Table
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Specification Importance Units Target Tol. Comments

Grip Force 2 N 250-350 50 Average grip force of adult 

Grip Speed 3 ms 200-300 50 Average reaction time of an adult

Size of Average hand 1 mm 190x85 50x25 Easy to store and more intuitive

Weight of average hand 1 kg 3.5 1 Portable and reflect biology

Cost of Manufacturing 3 $ 1500 250 Budget

Many DOF 3 # 20 1 Reflects Biology

Easy to power 3 V 120 0 Operates off US electrical outlet

Easy to use interface 3 min 10 2 Time to teach sponsors interface

Precise and Accurate Motion 3 mm 1 .5 Position is known within this area

Longevity 3 # 10,000 250 Able to be actuated near infinite life



Concept evaluation - Pugh Chart
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Concept Evaluation - Decision Matrix
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Engineering 
Calculations
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Noah - Motor Torque
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Python Script

Inputs

Required Motor Torque 
=~ 

2.28Nm



Markus- Motor Speed

● Typical tendons in hand range from 30-50mm 
○ Allowable up to 50% increase in hand size so range 45-75mm [4]

● Total reaction time is 300ms assume 25ms for code
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● For 5mm spool RPM is 278
● For 10mm RPM is 139
● Ie     4.6/s or 2.3/s 
● Larger spools decrease motor 

RPM needed at expense of 
pulling force



Target Degrees of Freedom and Angle Actuation
Target DOF and angles for full actuation, pointing with index, and holding a ball:
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Full Actuation: Max Angles

Holding a Ball 2.5in Diameter Pointing with index Finger



Target Degrees of Freedom and Angle Actuation Cont.
The middle and tip angles can then be related:
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● The tables show that the 
tip joint angle can be 
represented as a 
function of the middle 
joint

● The equations can be 
used in a program to 
read outputs of an angle 
sensor at the middle 
joint to actuate the finger 
tip accordingly



Tyler
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● Measurements for the human 
hand

● Goal is to replicate exact replica 
of hand

● Upper limit x1.5



3-Link Forward Kinematics 
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Grip Material Analysis

From previous finger force calculations:                             -max normal force 
based on 36 Kg grip force

● Friction force based on rubber coefficient - 0.8

● Calculated mass of object:
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Grip Material Analysis

● Grip force is 8.64 kg - 84.8 N
● Safety Factor of 1.5

● New Calculated Mass:
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Schedule
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Budget

24



Bill of Materials 
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Thank You
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