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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

Tendons, joints, 30—, [~ N —— Articulate Hand
printed parts
Motors —_— De)_(terou_s — Kinetic energy
Manipulation
Control algorithm — \ y — 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
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Quality Function Deployment

Technical Requirements Customer Opinion Survey
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Concept Generation



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

Joseph 3/3/2025 6



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
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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

Specification Importance | Units | Target | Tol. Comments

Grip Force 2 N 250-350 10] 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 ) $ 1500 250 Budget

Many DOF ) # 20 1 Reflects Biology

Easy to power 3 \ 120 0 Operates off US electrical outlet
Easy to use interface 3 min 10 2 Time to teach sponsors interface
Precise and Accurate Motion ) mm 1 5 Position is known within this area
Longevity ) # 10,000 250 Able to be actuated near infinite life
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|
|

- (thin shaft and socket reduces
maximum load allowable)

+ (thick integrated joints allows for
increased leading)

- {pin hinges and hollow body reduces
allowable load)

+ [thick integrated joints bear
loads well)

S

S

S

S

+ (le=s prints needed and less
volume to print)

- (maore materizl used at joints and overall

INCreases price)

+ [hollow body reduces filameant nead)

+ (thinner and less total volume

reduces price)

Many degreas of
freedom

+ [can move S0+ degrees in either

diraction)

+ (can move almost 30 degrees)

+ [many joints ower 30 degrees in many
directions)

S

Accurate dimensions

- {smaller and thinner than human
hand)

+ (More similar overall dimensioins)

- {thinner and longer than human and)

+ (accurate dimensions except

extruded tendon routing)

Reliability

- {socket and shaft will wear and fail
due to little material)

+ (integrated joints with bearing have high
repeatability and durability)

+ (integrated joints with bearing
have high repeatability and
durability)

- {noway to intergate angle sensors)

+ (easily integrate angle sensors into the
design)

- {needs major adjustment for snale
zensors)

+(angle sensor slot already

integratad)

+ {reduced material more accurate

to human finger)

- [volume leads toincreased excess
weight)

+ [hollow body reduces weight and

makes it more accurate)

- [solid body makes for potentially
heavier design)
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Concept Evaluation - Decision Matrix
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Engineering
Calculations



Noah - Motor Torque
o0 FE f

» Python Script

1

Inputs

1

Required Motor Torque

_—~

2.28Nm
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Markus- Motor Speed

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

e Total reaction time is 300ms assume 25ms for code

d 40 mm e For 5mm spool RPM is 278
=T 02mss  ASmm/s e For 10mm RPM is 139
145.45 o |e ®4.6/sor2.3/s
w=—g =H0 rad/s e Larger spools decrease motor
RPM needed at expense of
RPM — w x 0 — 20.00 x —2_ ~ 278 RPM pulling force

2 6.283
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Target Degrees of Freedom and Angle Actuation

Target DOF and angles for full actuation, pointing with index, and holding a ball:

Finger O Base Joint Middle Tip Joint Max Total | Max Splay
Max Angle | Joint Max | Max Angle Angle Angle

o N o N

135

Full Actuation: Max Angles

Finger DOF Base Joint Middle Tip Joint | Total Angle Splay Finger DOF Base Joint Middle Tip Joint | Total Angle Splay
Angle Joint Angle Angle (deg) Angle Angle Joint Angle Angle (deq) Angle
(deg) (deg) (deg) (deg) (deg) (deg)

Index Index

I
o [ x [ e
“-“ -

Thumb Thumb

Thumb
Hinge

Thumb
Hinge

Holding a Ball 2.5in Diameter Pointing with index Finger
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Target Degrees of Freedom and Angle Actuation Cont.

The middle and tip angles can then be related:
Finger Middle Joint l'.fiax Tip Joint Max Angle Tip/Middle Ratio
- Angle (deg) - e The tables show that the

Index 135

_“ tip joint angle can be
represented as a

function of the middle

_
| e | _
Mldle _—_ .
| R | s [ s | s | e The equations can be
[ ey | s ] o | s used in a program to
Finger TipMide Rat read outputs of an angle

sensorat the midde

_ - joint to actuate the finger
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Tyler

e Measurements for the human

hand

e (Goal is to replicate exact replica

of hand
e Upper limit x1.5

____
_ ogars|

__
. ies] oss| 00 | 000 aews] 000 13tes| 0|
____
top segment __

2em] 0w | sawn Lows

Tyler 3/3/2025 19



3-Link Forward Kinematics

Givens:

Ly =25mm, Ly=20mm, L3=15mm

91 = UD'J 92 = _g.Dﬂ: 33 = —45°

General Equations:
z1 = L cos(6)
= L, sin(6;)
22 = 21+ Lacos(6y + 02)
Y2 = y1 + Lo sin(0; + 0o)
&3 = 29 + Lgcos(fy + 02 + 63)

ys = yo + Ly sin(f; + 6, + 03)

Substituting Values:

1 = 25c0s(0) = 25 mm
y1 = 25sin(0) = 0 mm

29 = 25+ 20 cos(—90) = 25 + 20(0) = 25 mm

=0+ 20sin(—90) = 0+ 20(—1) = —20 mm

23 = 25 + 20 cos(—90) + 15 cos(—135)
z3 = 254 0+ 15(-0.707) = 25 — 10.605 = 14.395 mm
=0+ 20sin(—90) + 15sin(—135)
ys = 0 — 20 4 15(-0.707) = =20 — 10.605 = —30.605 mm
Final Position:

(z3,y3) = (14.395, —30.605) mm
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Grip Material Analysis

From previous finger force calculations: Fn — 106 N -max normal force
based on 36 Kg grip force

e Friction force based on rubber coefficient - 0.8 Ff = U X Fﬂ

F;=0.8 x 106N = 84.8N

F 84.8N
e Calculated mass of object: m=-" = 5 = 8.64kg
g 9.81m/s

David 3/3/2025 21



Grip Material Analysis

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

i ign — o 84.8N
Fiip desi
e New Calculated Mass: T — Enpg esign
56.0 N
Mdesign = 5 = 9.76kg
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Schedule

Humanoid Hand Gantt Chart Projectstart:  Mem, 1/3/2028
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Total Budget 42,000

ltem Description Planned Aquisiton Date | Actual Acquisiton Date | Price Per Unit # of Units Estimated Total Price | Actual Total Price

Mators iPower GM2804 Gimbal Motor
with AS5048A Encoder 3/20/2025 $42.97 834376

Motors  |INJORA INISO35 35KG 312012025 $16.99 $101.94
Filament  [PLA Prototyping Filament 32012025 $14.99 §14.99
Filament  [Onyx Filament 312012025 $209 5209
Filament  [50cc Carbon Fiber Spool 312012025 3130 $150

Computation  [Arduino Mega 3/20/2025 $49.65 $49.65
Actuation  [Dyneema Cord 3/20/2025 $32.99 $32.99
Actuation  [Bearings 3/20/2025 $12.99 $12.99

Estimated Remaining Budget
Actual Remaining budget




Bill of Materials

Part Quantity Price Total Price Link
Motor
iPower GM2804 Gimbal Motor w/ AS5048A Encoder 8 42.97 343.76 link
INJORA INJSD35 35KG 6 16.99 101.%94 link
3D Printed Parts
PLA Prototyping Filament 1 14.99 14.99 link
Onyx Filament 1 209.00 209.00 link
5@cc Carbon Fiber Spool 1 150.00 150.00 Link
Hardware - Computation
Raspberry Pi 1 0.00 0.00 link
Arduino Mega 1 49.65 49.65 link
Hardware - Actuation
Dyneema Conrd 1 32.99 32.99 link
Bearings 1 12.99 12.99 link
ESTIMATED PRICE $ 902.33
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