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Robot Components
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Physical bodies

Sensors

Actuators

Effectors

Controllers

Robot Components

Effectors are the mechanisms that the robot uses
to interact physically with its environment

Effectors for manipulation,
..e., moving objects in the environment

\ . |

Effectors for locomotion:
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Robot Components

Effectors are the mechanisms that the robot uses
to interact physically with its environment

Effectors for manipulation, \
..e., moving objects in the environment

Effectors for locomotion:
moving the robot around the environment

Manipulator robotics

Mobile robotics

Two major
subfields of
robotics



Robot Components

Physical bodies
Sensors
Actuators
l Mechanisms that physically move the effectors: i.e. actuate wheels, legs, arms, fingers, ...

Effectors

Controllers



Definition

An actuator is an electromechanical device which converts energy into mechanical work

* \Work Is an activity involving a force and movement in the direction of the force

work = force x distance

* Energy is the capacity to do work

e Power is the rate at which work is done



Linear vs. Rotary Actuators

e Linear Actuators

The shaft of the linear actuators moves along its axis

* Rotary actuators

The shaft of the rotary actuator rotates about its axis




Active vs. Passive Actuation

* Normally, we use electrical energy

— Batteries
- Mains power supplies

e Active actuation



Active vs. Passive Actuation

Sometimes, we use the potential energy
in the mechanics of the effector, e.g.
gravity-actuated passive-dynamic walking

Passive actuation

http://ruina.tam.cornell.edu/research/topics/locomotion_and_robotics/3d_passive_dynamic/

A Three-Dimensional Passive-Dynamic Walking Robot with Two Legs and Knees, Collins, S. H.,
Wisse, M., Ruina, A. International Journal of Robotics Research, Vol. 20, No. 2, Pages 607-615, 2001



Types of Actuator

Direct current (DC) motors

Pneumatic actuators

Hydraulic actuators

Materials that are sensitive to
light, heat, or chemicals
can also be used as actuators

Servo motors

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Sabanovi¢, Human-Robot Interaction — An Introduction, Cambridge University Press, 2020



Pneumatic Actuator

Compressed air creates a force that moves

- Diaphragm
- Piston

Large & powerful

Pneumatic Actuator Airout
Single Acting Cylinder ~ Vahe

Potentially dangerous

http://www.robotplatform.com/knowledge/actuators/types_of_actuators.html

Need to prevent leaks



Pneumatic Actuator

Compressed air creates a force that moves

- Diaphragm
- Piston

Large & powerful

Potentially dangerous

Pneumatic actuator Section of pneumatic actuator

https://robocademy.com/2020/04/13/how-to-choose-an-actuator-for-your-robot/

Need to prevent leaks



Hydraulic Actuator

Fluid pressure moves the actuator

Right Cylinder
La r‘ e LeftCylinder tarea of Cylindar
Purnp tArea of Cylindar 10 sq.cm)

>
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Piston

Powerful

Fluid

Precise

Hydraulic Actuator

http://www.robotplatform.com/knowledge/actuators/types_of_actuators.html

Potentially dangerous

Need to prevent leaks



Hydraulic Actuator

Fluid pressure moves the actuator

La Pg e Relrac! Flow Port
i Extend Flow Port
o-ﬁ@
. Piston Rod Rod Seals Plston & Seals
Precise

Hydraulic Actuator Section of Hydraulic Actuator

Potentially dangerous

https://robocademy.com/2020/04/13/how-to-choose-an-actuator-for-your-robot/

Need to prevent leaks
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Hybrid Actuator

"The actuator uses two fluid transmission lines, one with
air and one with water. The air transmission (thin red tube
in the picture above] works as a preloaded spring and
damping system, while the water transmission (thicker
black tube] actuates the joint. Each transmission is
attached to cylinders containing a rolling diaphragm. The
diaphragm moves back and forth, pushing a rod. A gear
system (red geared pieces] converts the rod'’s linear
motion into rotation. The actuator weighs only 120 grams
and can deliver up to 4.5 newton meters of continuous
torque with a 135° range of mation."

E. Guizzo, Disney Robot With Air-Water Actuators Shows Off "Very
Fluid" Motions Meet Jimmy, a robot puppet powered by fluid
actuators, |IEEE Spectrum, 2016.

https://spectrum.ieee.org/disney-robot-with-air-water-actuators






https://spectrum.ieee.org/disney-robot-with-air-water-actuators




Direct Current (DC] Motors

DC Gear Motor RC Servo motor Stepper motor

N

BLDC Motor Smart Servo motors Harmonic drives Linear electric actuator

https://robocademy.com/2020/04/13/how-to-choose-an-actuator-for-your-robot/



Direct Current (DC] Motors

 Simple, inexpensive, easy to use, and easy to source

* Wide variety of types and specifications

* Electrical energy is converted into mechanical
(kinetic) energy resulting in rotation of the shaft



Direct Current (DC] Motors

Operate in a set voltage range

— Speed of rotation of the shaft is proportional to the voltage

Current drawn is proportional to the work being done Q

\ Recall: force x distance

Current drawn is proportional to the torque
(rotational force) produced

The amount of power a motor can generate is
proportional to Its torque



Direct Current (DC] Motors

Recall: rate of doing work

 The amount of power a motor can generate is
proportional to its torque

 The amount of power a motor can generate is also
proportional to the rotational velocity of the shaft

 Power is proportional to the product of torque and
rotational velocity



Direct Current (DC] Motors

When the motor is spinning freely, with nothing attached
to its shaft (i.e. no load]

— Rotational velocity is the highest
- Torque Is zero

— Output power, then, is also zero

When the motor is stalled (i.e. unable to rotate because of
an excessive load]

- Torque Is the maximum It can produce
- Rotational velocity is zero
— Output power is again zero



Direct Current (DC] Motors

Between these extremes of free spinning and stalling, the
motor does useful work and drives things efficiently . Gy

The efficiency depends on the quality of the motor

- Some are very efficient
— (Other waste up to half their energy (or more])



Direct Current (DC] Motors

* Unloaded, free spinning motor typically have rotational velocity
in the range of

— 90 - 150 revolutions per second (rps]

3000 - 8000 revolutions per minute (rpm]

Produce high speed but low torque

- Well suited for driving light loads, e.g., fan or propellor blade

* More often, robots have to do work by actuating effectors with
significant mass (i.e., lift arms for manipulation and turn wheels for
locomotion]

- Need more torque and less speed that off-the-shelf DC motors provide



Direct Current (DC] Motors

 To make standard DC motors useful for robaotics,
we use gears to reduce the rotational velocity and
Increase torque

 The force generated at the edge of a gear is the
ratio of the torque to the radius of the gear

* By combining gears with different radii, we can
change the amount of force and torque that is
generated.

M. Mataric, The Robotics Primer, MIT Press, 20‘07\
Input gear

attached to the shaft Output gear
of the motor

3-to-1 (3:1) gear reduction

8-tooth cog rotates three times
to rotate the 24-tooth cog once



Direct Current (DC] Motors

The torque generated at the output gear is
proportional to the torque on the input gear and the
ratio of the radii of the two gears

- If the output gear is larger than the input gear,
the torque increases

— If the output gear is smaller than the input gear,
the torque decreases

M. Mataric, The Robotics Primer, MIT Press, 20‘07\
Input gear

attached to the shaft Output gear
of the motor

3-to-1 (3:1) gear reduction

8-tooth cog rotates three times
to rotate the 24-tooth cog once



Direct Current (DC] Motors

The torque generated at the output gear is
proportional to the torque on the input gear and the

ratio of the radii of the two gears

- If the output gear is larger than the input gear,
the speed decreases

— If the output gear is smaller than the input gear,
the speed increases

M. Mataric, The Robotics Primer, MIT Press, 20‘07\
Input gear

attached to the shaft Output gear
of the motor

3-to-1 (3:1) gear reduction

8-tooth cog rotates three times
to rotate the 24-tooth cog once



Direct Current (DC] Motors

 (ears can be organized in series or "ganged"

698:1 6v 100 rpm
- Two 3:1 gears in series results in a 9:1 reduction

- Three 3:1 gears in series results in a 27/:1 reduction

https://www.robotshop.com/ca/en/6v-2981-micro-metal-gearmotor-hp-100rpm.html



Direct Current (DC] Motors

If the gear teeth do not mesh properly, we get backlash

- The gear mechanism can move back and forth without
turning to output gear

— This can lead to error in the positioning of the output gear

- Reducing backlash requires tight meshing between the gear
teeth

https://www.robotshop.com/ca/en/6v-2981-micro-metal-gearmotor-hp-100rpm.html

* To avoid increase in friction and decrease in efficiency
* Requires high-precision manufacturing and increase in cost
* High-precision gearboxes are expensive



Direct Current (DC) Servo Motors

Direct current (DC) servo motors
Pneumatic actuators
Hydraulic actuators Servo motors

Materials that are sensitive to
light, heat, or chemicals
can also be used as actuators

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Sabanovi¢, Human-Robot Interaction — An Introduction, Cambridge University Press, 2020



Direct Current (DC) Servo Motors

Used in the shoulder joint

DC motors rotate continuously in one direction of the Lynxmotion AL5D robot arm

d

Often, we need a motor that can move an
effector to a particular position

L

Motors that turn the shaft to a specific position
are called servo motors (or servos, for short)

https://www.robotshop.com/en/hs-805bb-giant-scale-servo-motor.html



Direct Current (DC) Servo Motors

DC motors rotate continuously in one direction

Often, we need a motor that can move an
effector to a particular position

Motors that turn the shaft to a specific position
are called servo motors (or servos, for short)




Direct Current (DC) Servo Motors

Direct current (DC) servo motor:

- DC motor
— Gearbox for gear reduction
— Position sensor for the output shaft

— Control circuit

CONTROLGIRGUIN

* Direction of rotation .
° Angle Of r'DtatIC)n [+/_ 180 degr,ees] https://robocademy.com/2020/04/13/how-to-choose-an-actuator-for-your-robot/




Direct Current (DC) Servo Motors

Position sensor

- Potentiometer
- Encoder

which outputs the absolute or relative position of the motor’s output shaft



Direct Current (DC) Servo Motors

Control circuit

- Typically uses a form of pulse-width modulation (PVWWM]

- The angle of mechanical rotation is determined by the width of an electrical pulse that is applied
to the control wire

— The control circuit continuously reads the position of the motor and adjusts the motor's PWM
and direction to reach or maintain a desired position
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Direct Current (DC) Servo Motors

Control circuit

— This is referred to as feedback position control (we cover control techniques later in the course])

— The motor is driven to to track a set point position

— This makes servo motors accurate but stiff

If disturbed, the motor produces a large torque to re-achieve the set point position



Direct Current (DC) Servo Motors

Control circuit

- Alternatively, we can use torque control
— The motor is driven to track, not desired position, but a desired torque set point

- The result is an actuator that is much less stiff

More on control theory and control architectures later in the module



Direct Current (DC) Servo Motors

* For motors used in a robot’s arms, legs, and head

— the controller typically performs position control to rotate the motor toward a given joint angle

— Also performs velocity control and torque (force x distance) control

e For motors used in wheels on a mobile base

- the controller typically performs velocity control to rotate the motor at the required joint velocity



Reading

C. Bartneck, T. Belpaeme, F. Eyssel, T. Kanda, M. Keijsers, S. Sabanovi¢, Human-Robot Interaction - An
Introduction, Cambridge University Press, 2020. Chapter 3: How a Robot Works.

https://www.human-robot-interaction.org/download/170/

M. Mataric, The Robotics Primer, MIT Press, 2007. Chapters 3 and 4.



Videos

Encoders (1:29): https://robots.ieee.org/robots/alphadog/
Jimmy (0:59): https://spectrum.ieee.org/disney-robot-with-air-water-actuators
Servo motors (9:54): https://robocademy.com/2020/04/13/how-to-choose-an-actuator-for-your-robot/



