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Motivation

v’ Last in the field for
longer time

v’ Reach difficult points

v’ Less power consumption
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Review on Attachment Means

x Only works anplng x Requires Dry adhesive

on ferrous looking for

surfaces randomly-
located
handholds

l

Daltono et al., 2005

v" Lightweight

A7 4
x Requires Electro-adhesive  x Requires
bulky - high voltage v Power efficient
- compressed v Operationally quiet
air

Smha et 201

Prahlad et @l 2008
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Review on Climb

ing Mechanisms
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Servos and
Push-Pull Cables
(3 per Leg)

Controller

Toe Peeling
for Detachment
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Review of previous work
ORION
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The Climbing Robot

Adhesive _|

Wheel Leg -

Micro suction Tape\




“ Rafik Hariri University
W Al i) doola

Objectives

Goal:
In addition to building the climbing robot the objective is to give

it the ability to carry and operate communication and
surveillance tools.

Requirements:

1. The robot must climb glass surfaces at any angle.

2. The robot will carry camera that must save recorded videos or
photos.

3. Overall weight must not exceed 150 g.

Constraint:
1. Robot battery was available in Lebanon, and its weight was

very heavy.
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Outline

Modeling & Analysis Design Specification Experimental Verification

Modeling & Design Experimental

Analysis Specification Verification

e Robot motion model e Adhesive dimension e Real Prototype
e Simulink model requirement e Trails
* Motor Torque e Climbing Angles

requirement e Overall Weight
e Contact surface Area
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Robot L ti
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Simulink Model of the Robot

velocity

PS-Simulink
Converter

H

Tire { Simple)1

T Twia

Vehicle Body

-~

—{> beta

angle in radian

i
42 |

B P 1
bIPs S (1)

ey normal force front
PS-Simulink
Converter1
Simulik-PS
Converter2 L>{PS §
= normal force back
PS-Simulink
Converter2
Cosuay ‘
b2-anunur :

m US| o106 030
PP 15 b1

Parameters

Mass:

Number of wheels per axle:

Horizontal distance from CG to
front axle:

Horizontal distance from CG to
rear axle:

CG height above ground:
Frontal area:
Drag coefficient:

Initial velocity:

150

22

50

12

0.4

mm

mm

mm

mm~*2

m/s
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Adhesion Dimension Requirement

Modeling & Analysis Design Specification Experimental Verification
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o In both simulations the Maximum Normal Force
Fn=0.55 Newton
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Motor Torque Requirement

Modeling & Analysis Design Specification Experimental Verification
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Contact Surface Area

After knowing that:

. . force
Minimum Area = -
v Fn=0.55 N for every Wheg adhison per area

v' Tm=6.5 mNm = an;?zzm = 275mm"2

d
T’)\S‘

OVERALL AREA
12.5*35=412.5 mmA~2
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Final Prototype Dimensions

After selecting the motor needed for our robot, we have known all the other electric

components needed.

e Battery

e Motor Driver

e DC to DC Boost Converter

e Arduino Nano Microcontroller

e Surveillance Camera

Based on the components specifications (dimensions, weight) we have known the

proper dimensions of the chassis and the wheg.
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Final Prototype Dimensions

Modeling & Analysis > Experimental Verification
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Modeling & Analysis Design Specification Experimental Verification
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Trails and Climbing Angles
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Trails and Climbing Angles
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Power Efficiency / Lifetime

capacity of the baterry

time =
current drown from the battary

2Ah _24x60min 1204 *xmin _ 100mi
124 124 124 vvmm

time =

Battery 124 DC to DC 12V
Converter

30V 2*0.13A
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Overall Weight

COMPONENT WEIGHT

MOTOR 28 g

DC TO DC CONVERTER 4g

BATTERY a2g

ARDUINO NANO 68 \/ Requirement
CAMERA 4g A I . h d
CHASSIS AND WHEGS 40g ccom p IShe
MOTOR DRIVER 2g

DOUBLE SIDE AND MICRO SUCTION TAPE ag

BREAD BOARD AND WIRES 18 g

TOTAL 148 g
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Conclusion

e Built a functional climbing robot that is able to reach and O

climb specifically acrylic surfaces at any angle.

* Our robot is much cheaper than other autonomous quads & O

and executes the same basic commands such as reaching
difficult places, record and save data. &
« Learnt a lot of things (Adhesion, Mechanisms, Modeling and O O

Simulation)
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Recommendations

v Improve maneuverability of the robot

v Replace worm gears with spur gears
v’ Use one shaft between two motors

v Change the motors
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THANK YOU




