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Introduction:

This tutorial will show step-by-step how to wind multiple stators, how to use the GBx™ parts
(i.e.: how they were designed to work as a whole), how to space the magnets, insert the shaft
(slow but steady), and how to assemble a complete motor. This tutorial assumes that you've
read and understand the GBv1.1 tutorial and does not cover wire terminations, winding direction,
or background information about the AC synchronous motors we all refer to as brushless motors.

Note: A full turn it one in which the beginning and the ending of the wire cross once.
If they don't cross, then it’s a partial turn and doesn’t count, doesn’t contribute, and
actually adds winding resistance.

I worked on a calculator to help “ball park” a new motor design. You can get to this tool from the
GoBrushless web site. Some have been very successful in using the tool to design and simulate
their motors with a 10% deviation when they actually build it. Others have relied upon the
Performance Database to find a motor with the specs they want. If this is your first GBx, I
recommend the Database.

Materials needed:

You will need all of the same tools as before (wire cutters, a soldering iron, solder, heat shrink
tubing, an emery board or razor knife, slip-joint pliers, an adjustable wrench, bench vice,
CyanoAcrylate (CA) glue, toothpicks, a sharpie, and patience) and a GBx kit. If you prefer to buy
parts piece meal, you will need:

e A GBx™ shaft (short or long depends on the length of your bearing tube)

e A GBx™ bearing tube (short or long carbon fiber, or aluminum (coming soon) for better heat
dissipation)

e A GBx™ aluminum end bell

e A GBx™ flux ring corresponding to the number of stators you plan to use (single, double, or
triple)

e Two 3mm ball bearings

e 22.7mm stock stators corresponding to the number of stators you plan to use

e Magnet wire



GBx™ Parts and Features:

The GBx™ line of parts was designed by Richard Malinowski (AKA Rysium). I wanted to point
out some of the features of these parts and what makes them better than stock parts.

The GBx™ shaft: It's made of the same steel as the stock shafts but it now comes in longer
lengths (short and long that correspond to the bearing tube you pick), is threaded M3 (3mm)
so you can use your stock of GWS props as easily as you do in GWS gearboxes, has a notch
at the opposite end for a retaining clip (included with each shaft), and it's made to very

snugly (#3 in the photo) fit the GBx™ end bell (#4 in the photo).

The GBx™ end bell: The end bell (#4 in the photo) is turned from tough lightweight T6 6061
aluminum, sports integrated cooling holes (#2 in the photo), has more than ample room for
tall windings (#5 in the photo), is designed to accept single, double, or triple length flux
rings, and is drilled to work with the GBx™" shafts in a very snug interference fit (meaning no
need to mess with Loctite).
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The GBx™ bearing tube: The GBx™ bearing tubes (#6 in the photo) are designed to

integrate with the other GB™x parts to make a whole motor. They are available in carbon
fiber (shown with the long version ... a short version is also available) and soon in aluminum.

Also shown, but not yet available is the GBx™ mount. It will be drilled for both a speed 300
motor and sp400 motor, will fit in GWS gearboxes, or can be mounted to a firewall.



Step 1 - Winding the stator:

Step 1a —Phase 1

Photo 1: The only difference this time is that we now have more than one stator. Start like
before and trim the plastic nipple off each stator. Now, using the bearing tube, slide the stators
on and align the notches. Using some short lengths of wire, wrap two teeth on either side with a
few winds to keep the alignment. You may also glue the stators together, but it's not required
and can be messy if you overdo it.

NOTE: In the pictures you will see a CF tube that I use to test my stators. It's is
slightly undersized and has a “key” to line up the notches. You don’t need to do this
... but if you are planning to test 10+ stators ... it beats trying to pull the things

apart.

Photo 2: I usually start with the tooth that has the notch behind it. Also, I like to leave 2 to 3
inches of “tail” on my windings. All the windings for this tutorial are 16 turns of 26AWG. Like
I've said before, you should be able to fit 9 turns of 26AWG wire on the first row. If not, then
remember to pack the windings towards the center after every two. There’s no need to pull the
wire extra tight, but you do want it to lie in neatly. To do this, I rotate the stator counter to the
way I'm winding. Note: Please notice that I state that I wind my stators by turning the stator, not
by wrapping the wire ... there is a difference. Try it, you will like it.

Photo 3: Once you have the correct number of windings on tooth 1, jump two teeth and start
winding tooth 4. Now I do all my wire routing on the bottom, but with the GBx™ system, there
is so much room for windings that it doesn’t matter. What does matter is keeping your winds
going in the same direction. I always wind my stator teeth clockwise and my phases
counterclockwise ... it doesn’t matter as long as you are consistent.

Photo 4: Repeat the steps above to complete phase 1. Notice I've removed the temporary
windings used to hold the stator together.




Photo 5: The completed phase 1. Now on to step 1b and 1c (hint, they are the same as step 1)

Step 1b and 1c - Finish winding phases 2 and 3
Photo 1: I always wind my phases
counterclockwise. This means that
I start phase two to the right of
phase 1 and so on for phase 3.
Congratulations! You now have a
multi-stack stator. Now some like
to call this a triple with cheese.
This is because we left the
insulation in between the stators.

Simply set the bearings in place, insert into your vice, and
tighten till they are flush. Try to not let the bearing tilt as you
tight, they should press in straight will little force. Caution: do
not over tighten! You could damage the tube or the bearings.

Step 3 — Assembling the Rotor

The GBx™ rotor is made up of three parts: the shaft, the end
bell and the flux ring. There are two lengths of shaft (short and
long) and they correspond to the short and long lengths of the
bearing tubes. When you order, keep this in mind.

Step 3a: Inserting the shaft

The shaft needs to be inserted into the end bell. Trying to press the
shaft without an arbor press is very difficult and will usually result in a
bent shaft, bent end bell, or both. A better method is to pull the shaft
into the end bell. To do this, find a spacer or make one up using 9mm or
so washers. You will need a nut threaded for 3 x .5mm (standard GWS
nuts are like this). Unfortunately these are not common except in hobby
stores (i.e.: Lowes doesn't carry anything smaller than 4mm &. Using a
3mm locknut (one with a nylon insert) is a good idea and will prevent the
internal threads from stripping under the
extreme pressures. In fact, the longer the nut,
the better. Push the shaft into the end bell as far as you can by hand
and mount the shaft in your vice. Crank down on the vice a lot as the
shaft is slick and will spin. If it does, just use a pair of slip joint pliers to
hold the outside of the end bell (gently!). Keep turning until the shaft
is pulled in to where the all of the interference fit area (the dull area
between the threads and shiny area) is engaged with the end bell.

Step 3b: Pressing the flux ring
Now we need to join our prepared end bell to our chosen flux ring. Pay
close attention to the inside of the flux ring. On one end there is a band




that is turned slightly wider than the rest and thus it has a different sheen. This is the top of the
flux ring and it needs to interface with the end bell.

Tip: lightly sand the inside of the flux ring to remove any rust or grease. This will help
when you are gluing your magnets.

Simply line up the flux ring and
end bell by hand. Then using a
vice with soft jaws (use wood,
rubber, or any other non-metallic
material so you don’t mar the
finish or dent the flux ring) tighten
them together on one side (see the
photo), rotate it 180 degrees and
tighten down the other side. Then
just rotate the combo tightening
any areas that aren't flush.

Step 3c: Inserting the magnets

If you haven't already ordered one you might want one after this step. I'm talking about the
magnet spacers StrongRCMotors.com (Don Armstrong AKA bzimcr) makes and sells. These are
great little helpers and I am a fan after having only used them once. Even better,
www.gobrushless.com sells them now too .23} so you can pick one up when you place your order
for everything else you'll need.

Photo 1 shows the magnet spacer slid over the shaft and down into the can. I used a spacer
below it so the magnet spacer would be at about the middle of the can. Honestly, I don't think it
matters.

Photo 2 shows the “"North” poles inserted and glued into place. Slide the magnets until they
touch the end bell. I now use odorless gold-label CA. It doesn't dry as fast as the thin stuff
(though it’s just as thin), doesn't leave a residue, and best of all won't make your head swim.

Photo 3 shows the “South” poles inserted and glued into place. The spacer is made to be used
with 5mm or less wide magnets and they also come in 20mm size ... thanks Don!
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Your alternate method for placing the magnets is to use the motor rotor calculator on the
www.gobrushless.com web site. Use 22.7 for the stator diameter, 27.3 for the rotor inner
diameter, 4 and 2 for the magnet dimensions, and 12 for the number of poles. Then just print
and cut out the template. Coat the template with petroleum jelly (though I never do) to prevent

gluing it in place. &)




Step 4 — Stator assembly

Now we need to press the bearing tube into the stator. Back to our trusty vice with a soft jaw on
one side to protect our windings. Be sure to press the tube in until it is flush with the stator...
not flush with the windings! In others words, don't go too far.

Some readers have suggested that you mount the stator on the bearing tube first (before you
actually wind it) to prevent damaging the wire. Either method will work, but sometimes I find it
easier to have the stator free of the tube when I'm winding. To each his own...

Glossary of terms

Single — A motor that uses a single full stator.
Double — A motor that is made from two single stators stacked.

Double with cheese — Our American contribution to naming of these motoi® It simply
means leaving the insulation on the single stators when you stack them.

2.5 — A stator stack comprised of two single stators with the adjoining insulation removed
and a part of third stator’s plates added to make a full 10mm stack.

Triple — Three single stators stacked and shown in the pictures of this tutorial



Troubleshooting:

It seems like no matter how careful you are, no matter how many times you’ve done it before,
Mr. Murphy always has the last word. In writing this tutorial and building these motors I ran into
issues on final assembly. When I was gluing my magnets, one magnet (in each rotor) got
askew. This resulted in a rubbing and I had to remove that magnet, scrape away the dried CA,
and re-glue it. It happens to the best of us. &

Issue

Cause

Remedy

e I get a rubbing between
the stator and the
magnets.

You are using 5mm wide
magnets.

Your magnets are sticking
out farther than they
should be.

Your bearing tube is not
drilled perfectly centered.

Using 5mm wide magnets
results in an extremely
tight air gap (.06mm) and
thus leaves no room for
tolerances on parts. We
suggest you use the 4mm
wide magnets or else you
will need to file the ends
of the stator teeth.

Be sure that your magnets
are vertical and not
skewed. Also, if you have
to re-glue or replace a
magnet be sure to remove
any old glue. Using a
razor knife works well.

Use another tube to verify
and contact
www.gobrushless.com
about your options. This
is not an issue with the
aluminum tubes.

e My motor stutters or won't
start or gets to half
throttle and then stutters.

You have a poor solder
joint on your terminations.

You are over propped for
your motor.

Your magnets are weak or
reversed.

If you have a poor solder
joint, or a wire is broken
you will get a stuttering
motor and a very high
amp draw. Double check
your connections and re-
sweat the joints to be
sure.

Ever tried starting a car in
3 gear? Same situation.
The torque required to
overcome the magnet
inertial coupled with that
of the prop is too much.
Prop down, or rewind your
stator with more turns.

Use one of the extra
magnets to check that the




You have a short (not
likely).

polarity of your magnets
alternates between
attraction and repel. If
that checks out then you
may have ruined your
magnets with too much
heat (caused by over
propping or and
intermittent connection on
one of the phases. The
simplest way to check this
is to feel the cogging. Is
it less than what you
remember when you first
built your motor (a triple
cogs like crazy)? If so,
then you might want to
replace your magnets.

The design of the 22.7mm
stator and the ample room
for winding in the end bell
make this almost
impossibility. However, if
you were very aggressive
when pulling the wire taut,
it is possible that you
could have cut through
the insulation (especially
with 22AWG wire). More
likely your terminations
are touching some metal
and shorting.

My motor vibrates like
crazy.

Your bearing have popped
out of the tube.

Your prop is unbalanced.

Put a drop of CA on the
outside of the bearing
before repressing it. Be
careful not to put too
much or let it get into/on
the race of the bearing.

Be sure that the prop
adapter you are using and
the prop itself are
balanced. At the forces
the magnets are creating,
even the smallest prop
imbalance will cause
serious vibrations and
possible rubbing. This
friction can toast a
magnet(s) in no time
when you are talking
about 3000RPM and up.
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