CORC 3303 Exploring Robotics

Lecture B
Construction

* Topics:
1) Types of Actuators
2) Degrees of Freedom (DOFs)
3) Gears, Torque, Power and Speed Control
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Types of Actuators

Electric Motors: affordable, small and simple

— Direct-Current (DC) Motors: speed of the motor
controlled by the input voltage

— Servo Motors: position controlled (-180° ~ 180°)
Hydraulics: driven by fluid pressure
Pneumatics: driven by air pressure

Some materials react to photo, chemical,
thermal or physical pressure changes and
generate movements
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Degrees of Freedom (DOFs)

* Number of directions in which robot motion can
be controlled

 Free body in space has 6 degrees of freedom:
— Three for position (X, y, z— Translational DOF)
— Three for orientation (roll, pitch, yaw — Rotational )

i Yaw refers to the direction in which the body is facing, i.e.,
<'_|*_': its orientation within the xy plane
L\_,l_ P —  Roll refers to whether the body is upside-down or not, i.e.,
XN

| its orientation within the yz plane

£mdme Pitch refers to whether the body is tilted, i.e., its orientation
y within the xz plane
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Controllable vs. Uncontrollable DOF

« If there is a direct actuator for a DOF, then this
DOF is controllable. Otherwise, it’s
Uncontrollable (making motion control more
complicated).

« Examples

— Each of the six DOFs of a helicopter can be
controlled by an actuator (the rotor)

— The lateral movement of a car is not directly
controlled by an actuator (so parallel parking must
follow a complicated path called trajectory)
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Holonomic, Non-holonomic and
Redundant Robots

¢ Holonomic:

The number of controllable DOF (CDOF) is equal to total number of
DOF (TDOF).

i.e. CDOF = TDOF

* Non-holonomic:

CDOF < TDOF
Most robots are non-holonomic

¢ Redundant:

CDOF > TDOF
More than one way to move the parts

¢ What about these?

Elevators, cars, airplanes, human arms

Gearing and variable speed

* What are gears?

Gears use small teeth that mesh with the teeth of another gear to
transmit motion

Most gears look just like a wheel with tiny teeth along the outside
Gears are used in everything from automobiles to small toys

We will use spur gears (see pictures). Spur gears are generally
identified by the number of teeth they have.

Common sizes for LEGO spur gears are 8, 16, 24, and 40 tooth.

24-tooth gear 8-tooth gear

CORC 3303




Function of gears

* What can gears do?
— Change planes of rotation
— Transfer motion

— Increase/decrease speed (i.e., gearing up and gearing
down)

ex: a car engine revs at 6000rpm, without gearing, a 27” tire will be
moving at about 480mph.

— Increase/decrease power Torque

— Change direction. Idler gear only changes directions,
does not affect the gear ratio (speed)
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Drivers and followers

» Driver gear
— Driver is the gear which is being turned by a power source (i.e., attached to motor)

» Follower gear
— Follower is turned by the driver (i.e., attached to wheel)

+ Idler gear
— Idler gear is placed directly between two others (i.e., between driver and follower).
— Itdoes not affect the gear ratio (rotation speed). Idler gear only changes direction.

— Inthe example below, the driver gear is rotating clockwise, idler gear is rotating
counterclockwise and follower gear is rotating clockwise.
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Gear ratios

» Gear ratios

— You can calculate the “gear ratio” by using the
number of teeth of the “driven gear” divided by
the number of teeth of the “driver gear”.

— If driver gear has 8-tooth and follower gear has
24-tooth, the gear ratio of these two gears is
24/8, or 3:1. Remember, idler gear (i.e., gear
which is between the driver and follower) does
not affect the system gear ratio. Idler gear only
changes the direction.
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Torque

» Torque: a measure of how much a force acting on an object
causing that object to rotate, or, “Twisting Force”
— Torque must overcome friction to move the wheels of a vehicle
(gravity too if it is on an incline).
— Defined as: Torque = Force X Radius LN TN

Torgues amn
i

» Torque at work:

CORC 3303




Power

* Power: the amount of work that can be done
in a certain amount of time
— Translational: Power = Force X Speed

— Rotational: Power = Torque X (2rt X
Rotational _Speed)

» The maximum power of a motor is fixed

— Tradeoff between Torque and Speed
— Higher speed = lower torque, and vice versa
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Two ways of controlling robot’s speed

» Physical control: changing gear-ratios
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Configuration & Configuratian B

» Using gears to make your robot go slower is called gearing down
where small gear is the driver and large gear is the follower. Gearing
down gives you more torque. If your robot is going uphill, you will
need more torque. (i.e., configuration B)

» Using gears to make your robot go faster is called gearing up, where
large gear is the driver and small gear is the follower. Gearing up
gives your more speed (i.e., configuration A).
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Two ways of controlling robot’s speed

» Program control: changing power levels

— You can also control the robot’s speed from your
Robolab program by adjusting motor’s power
level.

— Select a power level modifier from the modifier
palette and connect to your motor function icon in

your program.




