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AmiErture of a b r u s h e d

brushless motors work! There, I've said it,
fiPo's are just batteries, like all the others.
They have a red and a black v/ire and supply
electricity (Volts) for so long (Amps). You
could run your brushless motor on
Sainsbury's AA batteries, a bell battery, a lead
acid accumulator, a NiCd, a NiMH, a UPo or
DFe. It's just a battery, and will do for your
brushed motors as well. Granted, on the LiPo
battery there are those three or four little
wires and that funny white plug that doesn't
appear to fit anything sticking out of it, but
they are batteries nonetheless. For my money
they are the best thing yet, being smaller and
lighter and just as powerful, if not more
powerful, than anything that's gone before,
and it's not that you haven't been using Ihem
for ages anyway. \\'hat do you think is in your
mobile phone, laptop. Kindle, iPad and so on.
If any battery is used and abused, it's the LiPo
and you haven't blown up that many mobile
phones yet, or have you? Sorry about all this
as ni get down from my high horse now and
get back to brushless motors.

Brushing up on

You s e e k 'em h e r e and you
s e e k 'em t h e r e !

RON R E E S looks at how brushless technology is just
what w e have been waiting for!

A

t the November 2012 International
Model Boat Show I was amazed at how
many great models there were on
display and also at how few of them were
powered by bmshless motors. Chatting wth
old acquaintances and a few new ones, I began
to suspect that there were quite a lot of
modellers out there who were confiised by the
whole thing. There have been many articles in
the flying model magazines over the years, but
apart from fast electric enthusiasts, a lot of
scale and general boat modellers are still
trailing behind a fair bit with this technology.

B e l o w left: C r o s s
Sectional drawing of a
b r u s h e d motor.
B e l o w right: C r o s s
Sectional drawing of
a typical brush less
in r u n n e r m o t o r .

everybody accepted that the latter were
better, but as they looked pretty much the
same, perhaps no worries there then!
Anyway, another customer was pawing over
the goodies on a traders stand and he said to me,
'I wish there was some way of comparing these
brushless motors with the normal stuff. So,
there it was in a nutshell. A lot of model boaters'
could not fathom what all the "brushless'
numbers meant and the new stuff was
confusing, so that is what this article is all about.
1 decided to keep it as informative and easy
to understand as possible, since the technical
aspects can be very confusing, even to me. I
apologise to those experts out there if I do not
go into Star "f or 'D' windings, Turns,
Sensorless or even the high revving Inrunner
motors in any great detail, as 1 felt we just
have to start with the basics.

1 recall similar feelings back in the late
1950's and early 1960's as chunky open
framed horseshoe and permanent magnet
juggernauts (!) and converted Volkswagen
heater motors were gradually edged out by
the Johnson and Mabuchi motors that were
coming in at the time and later how nickel
cadmium cells changed from giant round blue
hearing aid cells to the D, C and sub-C cells
we now know and love, it's also strange that
there was very little concern at the transition
from NiCd cells to NiMH as perhaps

Batteries?
Before I even make a start though on motors,
there is one other belief 1 must put to rest
straight away and that is that you do not need
Lithium Polymer (liPo) batteries to make

Like the previously mentioned LiPo batteries,
we have had brushless motors in loads of
things for years now and didn't even know it
In the quest for small size, high power and
pocket devices, the motors that make your
CD, DVD, computer hard disc drive function
and the cooling fans that whir away when you
use your PC have all been brushless for
donkey's years. The Vibrate' silent tone on
some mobiles is also sometimes generated by
a brushless motor.
We've been able to buy brushless servos
for about 15 years and I'm sure you've all
seen, or even played with, those little £20
helicopters, that you can then buy for £10
after Christmas! Well, they are all brushless
as well. Try buying one, fly it till you
inevitably crash and smash it, then dismantle
the remains and build miniature r/c model
boats with the bits. There was a batch of six
mch Glynn Guest mini-Diana's doing just that
at the aforementioned show.

I n r u n n e r and O u t r u n n e r ?
Unlike the DC brushed motor, the stator of a
brushless motor has coils while the rotor
consists normally of permanent magnets. The
stator of an Inrunner brushless motor is part
of its outer case, while the rotor rotates inside
it The metal case acts as a heat-sink, radiating
the heat generated by the stator coils, thereby

Typical brushed motor in cross-section
rotor
brushes

windings

Stator

commutator
magnet

stator
(case)

terminals

40

Permanent
Magnets
bonded
to R o t o r

www.modelboats.co.uk

Rotor

Model B o a t s J u n e 2013

special feature

keeping tlie permanent magnets at lower
temperature. The more recent type of
brushless motor is the so-called Outrunner.
These motors have the rotor outside as part of
a rotating outer case while the stator is located
inside the rotor. This arrangement ^ves much
higher torque than the inrunner brushless
motors, which means that an outrunner is able
to drive larger and more efficient propellers
without the need of a gearbox, thus is ideal for
our scale models and is what 1 am
concentrating on in this article.
Lefs look more closely at a conventional
540 or a 380 brushed inotor and compare it to
a brushless outrunner motor. The first thing
you will notice with a standard brushed motor
is its fairly crude rolled tin can or 'dustbin'
with a bronze bearing at one end and another
at the 'brush' end, very often being wthin a
plastic endplate housing. On the other hand,
the brushless motor is a superb piece of
engineering, turned and machined from solid
aluminium, anodized a lovely colour, but with
three connecting wires instead of two and
these are the obvious differences between the
two types.
Also, the tin can (540 or 380) motor may
also have some littie flat things soldered on
the "brush' end. These are ceramic disc
capacitors and are needed to control the
interference given off by all the sparks and
electrical noise generated when you run the
motor, but you won't find any of these on the
brushless motor, so perhaps I need to explain
why this is.

How d o e s a b r u s h e d
motor w o r k ?
In a typical brushed motor, inside the can are
fitted permanent magnets which do not move
and are 'stationary. This can istiiereforccalled
the 'Stator'. Inside the can there is a bit that
turns which carries a load of wound wire
electromagnets (i.e. they become magnets when
electrical current is passed through them).
Because (his bit turns and carries all the
switching apparatus, it Is called the 'Armature'.
On the end of the armature is a set of
contacts that switch the polarity of the
electromagnets from positive to negative as
this whole middle bit rolates with this
commutator (revolving contacts) on the end.
Rubbing against these contacts are usually
two sprung loaded carbon 'brushes' which
are connected to two wires coming out of the
can and if included with the motor, then these
are normally red and black.
As the armature turns the contacts, the
brushes rub against them and flip the
electrical current in sequence from positive to
negative to each uidividual electromagnet on
the armature, making the Poles (new word
here') change. At each change the North and
South of the magnets become South and
North respectively, forcing the magnets away
from each other and rotating the armature
further and normally through 180 degrees.
All the time the armature is spinning this will
happen and the motor output shaft is
therefore rotating. All very simple if you
remember your schooldays science and
playing with a magnet and iron filings on a
piece of paper. 'Like poles repel, opposites
attract' etc., etc. Because this system is so
simple it is now very cheap to manufacture,
but there are for us a few problems inherent
in this system which the designers of modern
phones and computers could not get around
without a total re-design of the basic concept
of the motor itseli
The problems with brushed motors are:
1) The brushes will eventually wear out and
cannot be changed in such small devices.
2) Because the brushes are always making
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and breaking contact sparldi^ and electrical
noise is generated. This is often responsible for
the interference we get with some r/c gear.
3) Brushes limit the maximum speed the
motor will run at
4) Having the electromagnet in the centre of
the motor makes it get hot and is harder to cool.
5) Having to have brushes, limits how
many poles the motor can have. They are
bulky and you can only fit a few into the space
available, so this makes the motor inefficient
by modern standards.
6) With all the wound wire components
spinning at high speed, the risk of
'throwing' a winding out of the armature is
higher and this wifl disconnect one part of
the magnetic system causing the motor to
vibrate out of balance,
7) The design of the motor operating parts
means that you can only go down in size so
much and these motors are too big to go into
modern handheld devices.
8) Parts rubbing against the moving
armature (brushes) cause friction and
therefore 'drag', which in turn causes yet
more heat.
So, that's what we have had until now, so
lefs go on to look at the brushless outrunner
motor and how it works.

turned, now the casing (or the Rotor) as there
were no electrical contacts. The output or drive
shaft was fixed permanently to this outside
casing increasing strength and torque. There
being no delicate wiring at risk, the potential
speeds of such a motor become much greater
as the voltage applied increased and this layout
of motor is called an 'Outrunner*. With the
electromagnets attached to the static part of
the motor, to this is also fixed the mounting
plate(s). This means that there are no delicate
windings spinning around, thus increasmg
overall reliability, strength and longe\dty, as
well as the potential speed of the output shaft.

Brushless outrunner
motor - w h a t ' s inside
o f it. E s s e n t i a l l y
a n outrunner is a n
inrunner motor turned
inside out.

Unlike brushed motors, which basically
have two main sets of wiring on the magnets,
the windings in a brushless motor were
increased by one wire to carry a switching
signal and form a triple format called Delta or
'D' and Star or "f hidings. Signals to flie
winding to change polarity came originally
from a computer and nowadays most computer
brushless motors have the sensmg chip and
high powered transistor in their backplates.

How d o e s a b r u s h l e s s
o u t r u n n e r motor w o r k ?
At the start, brushless motors were designed
to run only on AC current (Alternating
Current) and this was supplied and controlled
by the parent machine, such as a computer or
similar. Further changes were to come to
enable this type of motor to run on DC (Direct
Current) which mcluded moving the switching
chips and increasing the number of vraidings.
TTiis allowed the motor to be powered by
batteries and therefore become truly portable
in laptops, phones and so on. In order to solve
some of the problems caused by heavy service
use and electrical mterference and to reduce
size and increase power, it was necessary to
remove the brushes altogether and this
allowed the designers to turn the motor
concept literally 'inside ouf. The advent of the
semi-conductor and sub-miniature switching
transistors meant that the poles could be
switched with an electi^onic signal instead of an
electro-mechanical connection. They also
moved the permanent magnets to the part that
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Typical S p e e d 4 0 0
brushed motor
c o m p a r e d to a 2 8 2 0
(2Bmm diameter a n d
2 0 m m long) b r u s h t e s s
outrunner motor. T h e y
are supposed to be the
s a m e in o u t p u t t e r m s ,
but t h e b r u s h l e s s
m o t o r i s in f a c t m u c h
m o r e powerful.
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A b o v e Peft: A 6 v A e r o
Speed 400 and the
brushless outrunner
m o t o r t h a t r e p l a c e s it
in t e r m s of p o w e r . T h e
b n j s h l e s s m o t o r is a
2 8 0 6 - in o t h e r w o r d s
it FS 2 8 m m d i a m e t e r ,
but t h e c a s e is only
6 m m longi
A b o v e right: A
brushless Inrunner
m o t o r (in a p l a n e )
that is just 1 0 m m long
and 6 m m diameter.
The 280 brushed
motor wouldn't e v e n
m o v e this model
along the ground.
Below: Graupner
Speed 600 brushed
motor compared to
a 3636 brushless
outrunner. S u p p o s e d
t o b ethe s a m e , but
t h e b r u s h i e s s unit
Is t h r e e t i m e s m o r e
powerful and m u c h
s m a l l e r a n d lighter.

A

Please note that you can buy small motors with
a 'forwards only' electronic speed controller
(esc) built into the backplate. This circuitry
digitally switches the electromagnets' polarity
as the shaft turns around them. In mode! boat
use, an electronic speed controller usually
supplies this signal, so it needs to be made
specifically for brushless motors, with three
connecting wires.

give an almighty 'clunk' when you force it into
reverse and this is in fact what happens on a
real boat, even with a gearbox .when you
think about it,
So, apart from the two main bearings,
which are always miniature sealed for life
high speed ball races, there are no parts
whatsoever touching any other in this motor

The brushless motor will run backwards as
well as forwards, but doesn't like being
thrown violently from one to the other. For
this reason a lot of model boat esc's have a
breaking effect to stop such a motor before a
reverse signal will be accepted. Some also
have a facility where you bring the throttle to
zero and a touch of reverse; you then have to
go into reverse again before it will respond.
This saves damage to the motor which can

This results in numerous advantages:
1) Because an electronic signal controls the
motor instead of mechanical brushes, h's
much more precise in terms of timing. The
signal is usuallyfroma computer, but in our
case from an esc, making it more efficient.
2) As there are no brushes, there is
absolutely no sparking and almost zero
electrical noise generated, so no risk of radio
interference and no need for flimsy exterior
capacitors,
3) There are no brushes to wear out.
4) With the electromagnets on the stator,
they are easier to cool such as by
water-cooling the mounting.
5) It is possible to fit many more
electromagnets on the Stator, so more
precise control.
6) The cost has come down so much that
they are now almost comparable to those of
brushed motors, but the quality' and longevity
as well as the efficiency is much higher,
negating their slightly higher prices, even in
2013, over the life of the motor.
6) They are much more powerful and very
much lighter in weight to equivalent
brushed motors and often less than half the
latter's physical size. My tests have shown
twice the power available in a brushless
motor that is less than a quarter the size of
its brushed counterpart,
7) Tests have shown that they are between
70% and 90% more efficient in the use of
electrical power, making the batteries last
far longer.

Comparing motors?
Okay, so now we know all this and the fact is
that it might be worth having a little dabble to
test the water so to speak, but how do we
know which oufrunner motor to use? Let's
have a look at what is printed on the motor
label. They are often designated something
like 3540 or 2812 (but not by every
manufacturer!), so what does this mean?
The first two numbers are usually:
The diameter, i.e. 35 - 35mm diameter
Hie second two numbers specify the case
length, i.e. 40 = 40mm long.
Sometimes there is another number,
something Uke 3540(6). This somedmes
signifies that it is one of a range of similar
motors and the (6) often designates the
number of poles, but do check it out as every
manufacturer has their own Uttle quirks, as
sometimes it can mean the output shaft
diameter, i.e. 6mm!
Sometimes you may also see something
like 3540/lOY or lOD. This Is the type of
winding used, the Star (Y) and the Delta (or
D) windings. They both perform well enough
for scale boat needs so I won't bore you with
the intricacies.
The next thing is how fest will it go and this
is often shown as something like '1150KV.
Vfrtually everywhere in the world aero
modellers refer to KV where we mode! boat
enthusiasts refer to rpm (revolutions per
minute). This number should be multiplied by
the voltage you decide to use i.e. 1150 x 7.2
volts - 8280 rpm.
Motors like the brushed 540 will often
carry a top speed designation of perhaps
between 8000 and 18000 rpm depending on
the number of windings and the
manufacturer, so you can get an idea of what
the comparison is by changing the voltage. So
for example,! like to use 11.1 volt LiPo cells
(three cells in a pack), often written as 3S or
3C as each cell is 3.7 volts.
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available have the highest KV rating. When
multiplied up by the voltage of the batteries,
we get some quite astounding speeds. This
is good news for aero and helicopter
enthusiasts, but not helpful for marine
modellers. A K V rating in the 1000 to 1250
range would seem to be the best choice for
us giving slightly slower speeds and more
torque. If you have the choice, a scale model
will work best with the lower KV rating and
highest number of turns on the windings.
Also remember that you can use any type of
battery to power a brushless motor, so
perhaps 6v SLA gel battery or NiMH packs
could be the norm' here if space allows.

A P a r k Fly b r u s h l e s s o u t r u n n e r motor, 2 2 m m d i a m e t e r a n d 6 m m long. T h i s m o t o r will easily
power a 2 4 Inch model boat.

So. if you multiply your 1150 (KV) x 11.1
volts, you get 12765 rpm, which Is getting
nearer to the speed that 1 want for my 30 inch
fast patrol boat for example. Remember that
the brushless outrunner motor is more
efficient being at least 70% and as much as
90%, so while the rpm are apparently perhaps
slower, you will get much more raw power out
of a smaller brushless motor.
From my experience it would appear that
the 28 to 35mm diameter outrunner motors
are on a par with 540 brushed motors. These
outrunner motors start with a body length of
10 to 12mm. A 30mm diameter motor can go
up in length to about 45mm, designated a 3045.
As the body length increases more and more
Stator windings are carried and the permanent
magnets get longer too. This results m
progressively greater and greater power, or
torque, and a more powerful speed controller
is needed from the 20 Amps or so for the
smallest version up to about 50 Amps for the
large versions. Never choose an esc that just
covers the Amps stated on the motor package
as that is usually when it's rimning without a
load on it If anything happens and you jam the
propeller, you will have an unwanted BBQ in
your model in about two seconds flat!

model types will require different K V
ratings, A slower rpm for larger propellers
on say lugs and similar will be needed.
Battery voltages can vary from 3.7v (One
cell) to 11,1 v (three cells) or even higher,
depending on the speed required. Higher
KV on faster boats or longer cases and lower
KV ratings for heavier boats. Propellers will
need to be experimented with as brushless
motors can put out a lot more power than
their size would indicate and it's worth
allowing a bit of space for a larger prop'.
Researching the market has shown that
some of the smallest motors currently

Another example where experimentation
has shown the tremendous power at our
fingertips could be via my new 20 inch
Huntsman 31, With a foam, nylon and resin
coated hull and full detailing, the model tips
the scales at 550 grams (just over 15 ounces),
It was fitted it with a 2810/1250KV brushless
outrunner motor, which is tiny compared to
the 400 Speed and 2 :1 reduction drive that
was on the plan. A small 7.4v 2200Ah LiPo
battery was fitted and this power unit drives a
two bladed 35mm Graupner standard nylon
prop. I knew it would be capable of turning a
7in X 4in aero propeller in normal use.
On its test run it was up on the plane and
hltdng full speed at quarter throttie and
would go faster and faster if 1 had pushed the
stick forward more, but it was clear the model
couldn't negotiate a turn at these speeds. The
motor cost me £10 and the inline layout
allows me to drop a smaller one into its place
with no alterations. 1 will try a 2206/8 lOOOKV
that I have just bought for £7 which looks
ludicrously small, but will, I have no doubt, fit
the bill better I will probably replace the LJPo
cells with a 6v NIMH to add weight and
further reduce the rpm as well, it is fun as
buih, but hardly 'scale-like' in performance!

Brushed motor size Brushless equiv. approx.
280
1810 (18mm dia. x 10mm long)
380/400
2210 (22mm dia. x 10mm long)
480
2220 (22mm dia. x 20mm long)
540/550
28<35(25 plus)
(28/35mm dia. x 25mm or more length)
600
3530 (35mm dia. x 30mm long)

Matching t h e motors'
performance?
As an example of matching motors to esc and
to load, I noticed Alan Noble of the A, Team
Boatyard and Cygnets MBC running a very
nice Model Slipway Tamar lifeboat at the
International Model Boat Show. The model
had a sparkling performance and when I had
a look inside it was powered by two 3530
(35mm dia. x 30mm long) brushless
outrunner motors each with a KV of 1100 and
rated at about 20 Amps, but were controlled
by independent 50 Amp esc's. These tiny little
motors were lost within the cavernous hull,
yet they were turning 40mm diameter four
blade propellers and running on 7.4 volt LiPo
5000Ah packs. Remember that brushless
motors each need their own speed
controllers, but these can be paired to run
from one receiver output Where a battery
eUminator circuh (BEC) is used, one of the
red esc radio input wires must be
disconnected from its plug as is usual.

KV = rpm/v
1100-1250
1250-1500
1150-1250
1150-1250
1250-1500
Left: A brushless
watercooled racing
m o t o r inrunner.
4 4 m m diameter and
7 7 m m long. Realty
powerful a n d high
revving producing
2 2 0 0 r p m p e r volt. S o ,
12 v o l t s will p r o d u c e
26400rpm1 Too fast
for s c a l e r/c models!

The list given here is a starting point to
compare brushless outrunner motors to
their brushed equivalent and is not meant to
be exhaustive and is flexible. Different
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and that gave an output of 120 Watts at 7.4 volts,
which is drawing about 15 Amps according to
the matiiematics of it all, but tiie 2200Ah liPo
battery pack actually lasted over 20 minutes
and wasn't even sllghfly waim, So either
someone is lying, or these motors are more
efficient than I first thought, but anyway my
conclusion is that 1 really like them!
I haven't really touched on the special
electronic speed controllers needed for
brushless motors, the main problem for us
model boater's being that that we need our
boats to go in reverse, whereas the average
model plane only goes one way (usually!).
The quality of brushless motors is great;
they are not that expensive; they are ball
raced; they are much, much more powerfiil
than brushed motors; they are afractionof the
size; I've not had to watercool one yet; there
are no capacitors to solder on and they are
easy to mount and what is there not to like?
Well, not much, so go on and give one a try.
A b o v e ; A b r u s h l e s s 2 8 2 0 o u t r u n n e r m o t o r driving a h o m e m a d e w a t e r - j e t unit. N o r m a l l y a 5 4 0 s i z e b r u s h e d m o t o r
w o u l d b e r e q u i r e d . B e l o w : T h e i n t e r i o r o f t h e 2 0 i n c h l o n g H u n t s m a n ( n o t f i n i s h e d in t h i s p i c t u r e f r o m 2 0 1 2 ) .
T h e 2 8 1 0 / 1 2 5 0 K V o u t r u n n e r m o t o r is f a r m o r e p o w e r f u l t h a n a 4 0 0 b r u s h e d m o t o r a n d m u c h s m a l l e r a n d lighter.

Halvorsen 38. Tliis motor cost me £12
and according to the specification,
its free running output on 7.4
volts is a staggering 496 Watts.
Remember that one
horsepower is reckoned to
be about 750 Watts, so that
is well over a half a
horsepower. Hie
brushless motor weighs
102gm and the Marlin
brushed motor is 420gm,
so the brushless motor is
less than a quarter of the
weight of the Marlin. 1 also
looked at the specification of a
Graupner Speed 600, costing
£8.50 which showed its peak output
on 8.4 volts as 85 Watts, 1 compared it
to the tiny 2810/1250 KV motor m my new
model which is less than quarter of the size

Conclusion

Rigfrt: A s i z e
comparison. The
bnjshless outrunner
3 5 3 6 producing
1 2 5 0 r p m per volt Is
considerably more
powerful than the
b r u s h e d fVlarlin m o t o r .
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I took the time to do some comparisons
between various motors and for example, in my
old RAF crash tender is a monster 12v MFA
Marlin. Hie speciiication states that it has an
output power of 68 Watts. TTiat Is free running
and no load I assume, as it doesn't say much
more about it. This motor was very expensive
at the time I remember and drives the fairly
large model around quite well, but I compared
it to one of tiie new Turnigy D3636/61250KV
outi^unner motors that I bought for my
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