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confluence of technologies and manufac-

turing capabilities has led to an onslaught

of remotely controlled quadcopters in the

hands of hobbyists. Low-cost motors and
mass-produced propellers provide the power to keep them in
the air. Weight is kept down, but structural integrity is main-
tained by strong, engineered plastics and composites. And
chip-based controllers, gyros, navigation, and cameras give
them high-end capabilities and features while keeping costs
down.

Currently, it looks like aerial photography is one of the main
attractions for those people flocking to purchase RC quadcop-
ters (qcopters). The aircraft are so useful for photography (and
inexpensive compared to the alternatives), even professional

Quadcopters are relatively easy to fly, thanks to six-axis gyros
and well-thought-out control algorithms. They can also be con-
trolled through smartphones, as seen here.

46

Quadcopters carry an
extraordinary array of
sophisticated equipment
that makes them simple
and fun to fly.
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videographers are jumping on the qcopter bandwagon and
referring to them as flying cameras rather than qcopters or
drones. In fact, some qcopters come with cameras as built-in
equipment that are not designed to be removed.

It’s also possible that interest in racing leagues and even air-
to-air combat competitions will add to qcopters’ popularity. In
fact, one wing of the quadcopter fan club is dedicated to first-
person-viewing (FPV) racing. Users fly mid-priced qcopters
with cameras mounted on the front. The drone sends images
back to the pilot who views them on a small screen or, prefer-
ably, on immersive googles. The view as the agile little flyers
zip across the landscape and up and around trees and other
obstacles is breathtaking. (There are hours of FPV videos on
YouTube.)
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Accidents can be catastrophic, but the high-
value components—the motors, camera, and
microprocessor controls—are fairly well protected
and can be cobbled into another gcopter. Do-it-
yourself qcopters are common in the FPV world.
There are even rumors of one homebuilt drone
with souped-up components and all the extra
weight removed that can fly 62 mph.

Quadcopters come in a wide variety of sizes,
complexities, capabilities, and cost. It’s no surprise
that on the low end, size and payload are extremely
limited, as is control range, top speed, and how
long they can remain airborne on a charged
battery. Some are so small that they are almost
restricted to indoor flying where there is no wind.
Less-expensive quadcopters also lack the control
algorithms that make it easy for novices to control
them in the air rather than watch as they slam into
trees and buildings while flailing with the RC con-

troller. The high-end qcopters, those costing over :
$3,000, are chockful of features and capabilities that :

likely wouldn't have been possible 10 years ago.

KEEPING THEM IN THE AIR

Qcopters have four identical motor and-vertical- :
propeller (rotor) assemblies divided in two pairs, :
with each pair spinning in opposite directions (CW :
and CCW). There are also six-, eight-, and 12-rotor
versions, but they all use the same basic principles. :
The motor and rotor assemblies that spin in the :

same direction are mounted opposite each other.

Each rotor creates lift in direct proportion to the
speed of the motor and only spins in one direc-
tion. They are simple, inexpensive single-piece
rotors that do not change their pitch. When all four :
motors spin at the same speed, a qcopter will climb, :
descend, or hover (neglecting wind). The torque :
from the motors is balanced and the aircraft will :

not spin.

To control a qcopter’s direction of flight, speed, :
altitude, and attitude (in response to the user’s con- :
trols), the motors spin at different speeds to set :
up the desired turning moment and thrust vector. :
Qcopters’ design makes them inexpensive yet reli- :
able in doing this split-second torque-balancing :
act. For example, the rotors are plastic or com- :
posites and lightweight. So the motors can almost
instantly slow down or speed up their rotation,
something much more difficult, if not impossible, :
on a full-sized helicopter’s rotors. This lets the con- :

trol chip balance torques quickly and smoothly.
The motor-control subsystem is also relatively
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Quadcopters can take pictures and videos from angles no photographer can
access. And companies are catering to photographers by offering drones with high-
end cameras with three-axis gimbal stabilization that can take 12 megapixel photos
or HD, FHD, or UHD videos, and store up to 64 GB of data.

THE FAA ON QUADCOPTERS

ANYONE OWNING A QUADCOPTER OR DRONE weighing more than 0.55 Ib
(8.8 0z.) must register it with the Federal Aviation Administration if they intend to
fly it outdoors, in accordance with FAA regulations. It will cost those owners $5. If
the gcopter tips the scales at over 55 Ib, including any extra equipment or cam-
eras attached, the FAA no longer considers it a model aircraft or a recreational

Unmanned Aircraft System, and a long list of other regulations apply.

Model planes can also not be used for commercial uses or for payment. They
can only be used for hobby and recreational uses.

There are not that many other FAA guidelines that quadcopter “pilots” need to
follow. Among the few guidelines:

e Quadcopters (or any unmanned recreational aircraft) cannot fly above 400 ft.

e They must remain within sight of the operator.

e Quadcopters cannot fly within 5 miles of an airport without prior FAA approval.
e Quadcopters cannot fly over military bases, national parks, or the Washington,
D.C., area and other sensitive government buildings (CIA, NSA, FBI).

The FAA has been hustling to keep up with the widespread use of quadcop-
ters and other radio-controlled planes by expanding its rules and definitions.

For example, back in 2014, it extended the ban on planes flying over open-air
stadiums with 30,000 or more spectators to cover “unmanned and remote
controlled aircraft.” The model aircraft community can expect more regulations
as time goes on. In the meantime, the FAA has a blanket regulation that covers
unwritten, common-sense-based transgressions. It says, “Flights must not pose
a hazard to people or property or other aircraft in the sky.” So flying in and around
power lines, over crowds, or through shopping malls can still get you in trouble
with the law.

If you have any questions, check out Know Before You Fly (knowbeforeyoufly.
org), which has guidelines for safely flying recreational radio-controlled aircraft.
And the FAA also has an app, B4UFLY, free for downloading in the App Store for
iOS and Google Play store for Android. It will let you know of any flight restrictions
or requirements that affect the area in which you plan on flying a drone.
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inexpensive, thanks to Moore’s law and
a large number of chips being manufac-
tured. Chips also control GPS navigation,
aiming and controlling the camera, and
gyros and accelerometers.
The motor controller, for example, is
driven mainly by command inputs from
the RC controller the operator uses. It
delivers commands for throttle, pitch,
yaw, and direction of flight though
joysticks and a few buttons. (The con-
troller setup depends on the qcopter’s
make and model.) The controller meshes
the command inputs with those from its
suite of sensors, which differ for various
make and model of qcopters. One of the
most important sensors for control—and
most of these aircraft carry one—is a six-
axis gyro.
The term “six-axis gyro” is somewhat
of a misnomer. They are actually three- simple terms, the gyro determines the rotational rate about an
axis gyros, with gyros for the pitch, roll, and yaw axes that are  axis and the accelerometer determines the rotational position
either combined with a three-axes accelerometer or wired and  about an axis.
programmed to also function as a three-axis accelerometer. In Adding the three accelerometer readings to the motor con-

troller gives it some additional capabili-
ties. For example, if the operator gets the
qcopter in an inverted attitude or a spin,
letting go of the controls lets the air-
craft right itself based on the accelerom-
eter inputs and come to a hovering halt
(assuming there’s enough vertical distance
to recover). The accelerometers also let
the qcopter fly relatively straight and
level despite winds or overcome sideslip
to make smooth turns. Another favorite
among qcopter enthusiasts are aerial flips,
which are difficult without a six-axis gyro.

HIGH-END FEATURES
AND CAPABILITIES

Many qcopters let operators choose
from several flying modes. At the lowest
level, operators are limited in the amount
of pitch and roll they can command. This
helps eliminate over-control and subtly
teach the pilot how to keep the qcopter
flying and headed in the right direction.
Higher modes then expand the control

The Phantom 3 quadcopter from DJI lists for about $800, but can be found online for just under
$500. It weighs almost 3 Ib, can climb at about 16.5 fps and descend at 10 fps, and has a top
speed of practically 36 mph. It can climb to 19,690 ft. above sea level, but it is usually set to a
default of 400 ft. to stay within FAA guidelines.

DieQua offers more gearboxes

For Power Transmission

Are You Selecting The
Right Technology?

Whether your application is for precise motion control
or for general power transmission, there are several
gear technologies that can do the job. But which one
does it best?

Only DieQua offers the widest range of gearmotors, Worm Reducers Helical Gearmotors
speed reducers and servo gearheads along with the
experience and expertise to help you select the

optimal solution to satisfy your needs.

Spiral Bevel Gearboxes

For Motion Control

If you are using gearboxes,
you should be talking to DieQua!
IS N S O N = A
Corporation N

www.diequa.com 630-980-1133  Planetary Gearheads  ServoWorm Gearheads

Precision Cycloidals

48 MAY 2016 MACHINE DESIGN

liheViperMBC

Fead Thaling

GO TO MACHINEDESIGN.COM

Build the Perfect

Beast of a Line
With Visumatic

Robotic Fastening

* Ferocious performance
¢ Time-defying durability

e Split-micron accuracy

All of these define
Visumatic’s automatic
fastening components.

Ready to drop in place,
configured to your specs,
AND every Visumatic
product is backed with our
unmatched Human Touch
customer service.

SEARA ROBOTS

Smarter Machines & - "
from Creative Engineers ) Isumatlc®
for Smart Customers AUTOMATED FASTENING

VISUMATIC.COM  859.255.7907

49



—

LINEAR SHAFT MOTOR

Nippon Pulse’s
linear servo, stage
and stepper products all have
different strengths.

SLP STAGE

SCR STAGE

Some are incredibly precise.
Some create high-force

movement in a compact package.

Some simplify the conversion of
rotary-to-linear movement.

Any of them can be
customized to meet your exact
application specifications.
All of them will impress you.

PJPLT LINEAR HYBRID
BALL-SCREW STEPPER

-

NFCLINEAR
ACTUATOR

LINEARSTEP

Contact us today
for a free consultation!

]

Recreation

Propellers for quadcopters
come as two matched pairs,
one for spinning clockwise,
and the other for spinning

counter clockwise.

envelope, giving the operator more
responsibilities and more capabilities.
This lets operators climb the learning
curve at their own pace without crashing
too many qcopters.

Another feature that prevents opera-
tors from losing their drones is the
“return home” command. Hit the right
button, or tap the right sequence and
your quadcopter makes a beeline for you,
having stored its departure point in its
GPS. More sophisticated drones take this
feature one step farther. They monitor
their battery power and the distance to
“home base” and when their computer
determines they have just enough power
to make it home, they stop the mission
and fly to you.

GPS also lets qcopters fly from one
way point to another, getting out of range
of the operator’s controller sight, and fly-
ing on their own. Some drones, those
with flying times of almost 30 minutes,
can fly up to eight or nine miles from
their launch point. (Don’t tell the FAA.)

High-end video models let operators
program them to track a transponder
small enough to fit in a shirt pocket.
Operators can set certain parameters so
that, for example, it flies 30 ft. behind
and 20 ft. above the transponder. The
operator can then ski, surf, ride a bike or
motorcycle, and the qcopter tracks the

transponder’s radio signal to stay above
and behind while it films the action.

Both the qcopters and their cameras
can carry out quite complex commands,
almost more than one person can cope
with. To spread the workload, higher-
end drones have two controllers: one for
flying and navigating, and the other for
controlling the camera. Other qcopters
let a second person use a smartphone
to handle some functions. This lets the
camera operator pan and change focus
on the gimbal-mounted camera while
the pilot swoops down for a circling
shot. Meanwhile, three-axis stabilization
isolates the camera from vibrations for
smoother shots.

Qcopters can also be equipped with
obstacle avoidance. Using ultrasound
transceivers sweep the air in front them,
detecting objects or obstacles 65 ft. in
front of them. If they spot something,
they try fly around it, then get back on
course or head to the next waypoint.

Some companies are making after-
market add-ons for qcopters. There are
“missile launchers” that shoot up to six
small, plastic missiles singularly or all at
once; “water cannons” that are more like
aerial squirt guns; bubblers that leave a
trail of bubbles in the drone’s wake; and
grappling hooks that can lift items, as
long as they don’t weigh too much. ¥l
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