Case Study of Everyday Robot Project

e Everyday Robotics Project
o Published QT-OPT
o Robotic Grasping
m Closed Loop
m Repositioning

e Robot will perform

variety of tasks
o Sorting trash from bins
o Interact with humans
safely
o Use Computer Vision
and RGBD cameras to
avoid obstacles
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Goals & Objectives

Autonomously Identify, Retrieve, and Recycle Trash

1) Autonomously identify plastic bottle

randomly placed in the SJSU environment

4) Autonomously identify a trashcan
randomly placed in the SJSU environment

2) Effectively navigate to position .
nearby bottle and retrieve bottle 2

and dispose of the bottle

5) Effectively navigate to trashcan

3) Avoid all obstacles without losing target
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and maintain constant locational awareness




Goals & Objectives

Functional specifications and dimensions

200Ib Maximum Weight
2262 in3 for Electronics

4 & «—— Camera Gimbal + Perception Camera
- 13NM/350W Motor

48" Hx 40" L

S8ONM/3350W “
Motor
*

BNavigation Camera—

1kg Load Gripper

13NM/350W Motor 6.5" D Wheels

1001b Light Casters
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Final and Initial Design

Differential drivetrain design for low cost mobility

Velocity Control using Hall Sensors on ROS

3D Printed Forced Convection Odrive
4 x 2020 T-Slot Supports on 11ga Aluminum Plates

4lb mass (counterweight)
\ " i "
42V, 10A, 1000RPM



http://drive.google.com/file/d/1o3_dOrvLoxZn7UV-4-vPQMJfGt2qdwpG/view

Final and Initial Design

3DOF Laser Cut Acrylic Robotic Arm 60 Tooth

Pulley Gears

Elbow

80 Tooth
Bevel Gears

Upper Arm

70mm ID Crossed £
Roller Bearing £

Wrist Motors
Upper Arm

Forearm Links - Actuator

GT3 Pulley &
~ W\= Timing Belt

Shoulder
Forearm Actuator
Base Actuator
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Final and Initial Design

Rotating Turntable Robotic Shoulder

Shoulder Mount

Actuator Casing

Actuator Mount

Odrive 2-Axis Motor Controller

Medium High Impact

Acrylic Shoulder Base
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Final and Initial Design

Universal Suction Gripper Design

Rev. 1 Rev. 2 Rev 3.

* Functional credibility PoC * Increase weight limit * Increase weight limit
* Structured gripper » coffee * Improve manufacturability
ground gripper « Correct errors & mating
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Final and Initial Design

3DOF Spherical Parallel Manipulator Wrist

7B

! #){ p Polycarbonate Wrist

\_)‘\ J / Housing

.31” Impact Resistance
Acrylic

THK Crossed Roller
Bearings

3DOF Wrist
Nylon Bevel Gear

Custom Ball Bearing




Theory and Principles

Theory and Principles used for Arm Design

Bending and Shearing Stress Finite Element Analysis

My Stress Strain Curve & Material
O, = 7 7 OX = Properties
¥ b"‘ 7, " N7 Stress. o Srain hardening Nucking
tension hge. ‘?AV /> | et s e
/ E .\ "';.-7 . \\mld strength
cz Ma * el B hise
compression Run

Solidworks
Simulations
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Theory and Principles

Theory and Principle of the Spherical Parallel Manipulator

uz) Tursynbek, 2019
Tuanyazov, 2017
sin(n; — 6;) sin a
cos(n; — ;) sin a;
— COS a1

w; = [0,0,—1]" .

Tuanyazov, 2017
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Controlling the robot arm and base

Pose Estimation

e Created URDF(Unified Robot Description Format) from
Solid Model
e Modeled Camera Poses o1
play.launch http://l
e ROS Moveit Package Tabs Helo

Fri 23:42
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Theory and Principles

Determining location with optimal end effector position

Inverse Kinematics
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Determine End Effector State
Optimal Grasp Position
Estimate Object Position
Determine best grasp pose
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Electronic Design

High-level electrical system overview

e Design Criteria
o  High accuracy/precision motor control
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Electronic Design

Analysis and selection of electrical components

ROS Master ROS Slave USB3.1Hub  USB 2 Hub USB Cables STP Cable

RTK- 9DOF IMU  UART to USB Motor Controller Depth Camera Magnetic Encoder 2-Axis Gimbal

M
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_ Electronic Design

2-Layer PDB PCB Design for system harnessing
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Simulations and Analysis

Arm Static Stress Analysis

FOS Plot

Boundary Conditions

Q: Static 1(-Default-)
v 6 Parts
’ w Base_Spaces_Assernbly-1/Base_Spacer_1-1(-ABS-)
» 6 Base_Spacer_Assembly-1/Base_Spacer_2-1 (-ABS-)
’ 6 Elbow-1 (-[SWlAcryhe (Medium-high impact)-)
v @ Elbow-2 (-[SWIAcrySic (Medium-high impact)-)
v G Lett Arm-1 (-{SW]Acrylic (Medium-high impact)-)
’ @ Middle_Spacer-! (-ABS-)
v @ Middie_Spacer_2-1 (-ABS-)
» @ Middle_Spacer_2-3 (-ABS-)
’ 6 Raght Arm-1 (-{SW]Acryhe (Medsumn-hagh impact)-) .
N pingens > ~ Mesh & Remote Load
v ?] Connectors : . y
1 Rigid Connector-1
1 Rigid Connector-2
1 Rigid Connector-3
1 Rigid Connector-4
1 Rigid Connector-3
1 Rigid Connector-6
> & Compenent Contacts
v Q Fotures
(X Fixed-2
v i& External Loads
@ Remote Load (Distributed connection)-2 (-5 kgf:)
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Simulations and Analysis

Simulation - Shoulder Base Stress Analysis

Boundary Conditions

C&* Static 1 (-Default-)
@r Shoulder Base (-Acrylic (Medium-high impact)-)
1 Connections
- -5% Fixtures
X Fixed-1
- i& External Loads
J*_ Force-1 (:Per item: 30 M)

olid Mesh

URES Displacement Plot (mm) Maximum Displacement < 1mm
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Simulations and Analysis

Simulation - Static Drivetrain Stress Analysis

URES Displacement Plot (mm) ,

Boundary Conditions

Q< Static 1 (Bate_serndation: ) . . .

v @ s Material/Object Selection
v @ 001.296-D81. 500141 (-HC Migh Viscosity-)

’ d 001-206-081)-2001-2 (-PC Mgh Viscosy-)

v @ 001-296-DRU-5002-1 (-PC Migh Viscosity-)

v @ 001.296-DR-5000-2 (PC High Viscority-)

v @ 227851430 NGHT-QUARTERS CASTER )

[

ERRERR R NN

SRR

100lbf on 12” D Face

v Y sobdBedy 1Reveivel) (-Plain Carbem Steel:)
v Y SobdBody 2iCombined) (-Plan Carbon Steel-)
v @ 27857430 TGMT-QUARTERS CASTIR-S

Fixed Faces

» SoidBody 1(Revolve) (-Plain Carbon Steel-)

v Y SoldBody 2(Combined) (-Plsin Carbon Steel-)
v @ SS3TTIO8 ALUMSNUM T-SLOTTED FRAMING EXTRUSION:2 {-[SW]6061 Alloy-)
v G 537108 ALUMBNUM T-SLOTTED FRAMING EXTRUSION-3 {-[SW)608) Alloy-)
v @ SS3TTI08 ALUMBIUM T-SLOTTED FRAMING EXTRUSION-6 (-{SW]6081 Alloy-)
’ G SSITEROL_ALUMBNUM T-SLOTTED FRAMING EXTRUSON-T (-[SW)6051 Alloy-)
v plate-2 (-{SWIB0E1-T6 (55)-)
v plate-3 ({SWH061-T6 (55)-)

> ?l ';"::i::mm Cortacts FiXtu res

o Globat Contact (-Bonded-)

Shell-based Mesh

v Q Foctures

F Faed-t
v L} Eternal Leass

External Loads

5 Grovtys1 (981 mVs*2)

4 Ferce1 (Per it 200 20)

W Mesn

[£2] Resvit Opaicns
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Simulations and Analysis

Simulations - Gripper Stress Analysis

Force on internal cup surface el
. von Mises (N/m~2)
adjusted for SF 2.0 at most
. 3.046e +05
extreme position B 279205
. 2.538e+05
URES (mm) . 2.285e+05
. 2.031e+05
1.413e-02 _ 1.777e+05
. 1.295¢-02 L - 1.524e405
_ 1.177e-02 ! :.é:ga»g:
1.060e-02 S kadinsy
_ 9.418¢-03 : ;g;;:*x
8241003 I A
B 7.064e-03 1.707e+02
_ 5.886e-03
_ 4709%-03
353203 Stress

2.355¢-03 )
1.177e-03 Displacement

1.000e-30




Simulations and Analysis

Additive Manufacturing Polycarbonate
Glmbal Mount Stress Analy5|s| reins
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Solid Mesh Plot (mm)
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Simulations and Analysis

Tuning Gimbal Motors for Intel Realsense D435i

e Proportional tuning required for Gimbal Motor 1 (Pan Axis)
o Tested at 12V burned out motor
o 4V driven, without d435i to test

e Position Controller ODrive
o Proportional controller for gimbal
Uses position feedback Motor 2 (Tilt Axis)

@)
o Voltage Control
o Tuned position controller gain

Odrive Controller Block Diagram

(= ]
\ Faed lirmand Knad v
Pamithoe Viehaody Currend l R
+* + +
& pmemaned Poait & pmemaned L Walocity Command Cosrvanl - H
i Controllar o Controllar _E Controlier
T Cument Fsdtacs
Prosition Fsdtack

Sla
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Fabricated Parts

Magnetic Encoder Mount

7B

Odrive Enclosure w/Fans

PLA Odrive Lid i

POl Mg

Custom Gimbal Encoder Mount

Diego



Fabricated Parts

Drivetrain Electronics

Power Distribution PCB
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Fabricated Parts

ABS Shoulder Mount

Polycarbonate Actuator Housing Polycarbonate Epicyclical Gearing

https://hackaday.io/project/159404-opentorque-actuator



https://hackaday.io/project/159404-opentorque-actuator

Conclusions

e Design of the arm was challenging
o Changing design made prototyping and testing challenging
o 3D printing and laser cutting took longer than initially thought

e Drivetrain tested and validated
e Spherical manipulator mechanism

e Navigation started working before Shelter In Place
o Tested in Hallway in engineering building
o Was unable to test outside due to lack of GPS and 4G modem
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Valuable experience gained from ME195A&B

e Geometric Dimensioning and Tolerancing (GD&T)
Learning to communicate with a variety of vendors

Project Planning

o Gantt Charts
o Time Management
o Risk vs Reward Evaluation

e Teamwork & Communication

Integrating electronics/control with mechanical design

Manufacturing
o 3D Printing
o Laser Cutting
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Future Work/Improvement

Finish manufacturing and qualifying Arm and Wrist
Complete testing and integration of Gripper

Develop and test trash retrieval in outdoors environment
ISO 100 Compliance

Future work can be found here: https://github.com/itsSmomito/boris

*Our arm would’ve been finished right now, however due to COVID-19 the lab was
closed and our group couldn’t finish building our prototype.
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