Owner’s Guide for the Dustin II Motor package
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Things We Thought You Should Know

Your new Dustin II motors are the most powerful, most durable drill motors

ever seen in any robot combat arena.

…PERIOD.

Drill motors have always been common in combat robots, simply because they include a gearbox in a small, lightweight package with appropriate reduction to install wheels or weapon blades right on the output shafts.

For this reason alone, the 24 volt DeWALT Hammerdrill motors have become very popular in combat robotics.  But DeWALT didn’t design them for robots.  Based on the experiences and input from many robot builders, we have upgraded them for improved durability, and dramatically increased performance.

Specifically:

· The replacement brush housing is more rugged, allows better airflow, provides for neutral or advanced timing in either direction, and its high temperature material allows operation at high voltages.  The benefits in horsepower are extremely impressive!
· The custom 5/8” shaft is extremely strong.  It gets torque to your wheels without shearing.

· The custom mount greatly simplifies placing the motors in your robot, keeping the gearbox properly and rigidly attached to the motor.

· The plastic ring gear is replaced with steel.  This means all internal gears are fully surrounded with steel.  This gearbox will not “explode”.

· The internal gearbox components eliminate the need for an external clip.

Now, since you can run these motors at 36 volts (or more), this multiplies their power by at least 225%, giving you at least 2.21 horsepower from each motor.  The Dustin motors are ideal when used at 30 or more volts.  In some circumstances they may be beneficial in a 24-volt system, if you expect your motors to stall frequently and draw a lot of current.  While we do not guarantee their reliability at more than 36 volts, we believe in the near future they will be shown to be reliable at 42 or even 48 volts.

Our testing has proven that the Dustin II motors can actually make robot builders more popular with the opposite sex.  Further, this effect is exponentially increased in proportion to the voltage applied to the motors.

A Note about the Manufacturing Method

Your Dustin motors simply could not have been brought to you at this price without the wonders of waterjet cutting.  A waterjet machine uses a powerful stream of water and abrasive, at around 55,000 PSI; to cut through almost any material, including titanium, up to 8 inches thick.  Since it produces a clean edge, there is no need for “clean up” surfacing, which makes it very cost effective.  With the exception of tapping the holes, these parts are straight off the waterjet machine.

Waterjet cutting is ideal for flat parts.  If you need flat parts for your robot, check out our website at www.dcwaterjet.com and ask for a quote.  Simply provide a 2D DXF or DWG file, which almost any CAD program can produce.  Specify the thickness and the material, and we can take it from there.

Before You Begin

Unless you bought your motors pre-assembled, your kits, or kit, include the following items.  With these items, you can modify your own 24V Dewalt Hammerdrill motor to become a Dustin II motor:

High Temperature, Adjustable Timing Brush Housings
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Dustin Motor Mount
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Top and bottom halves of two bulkheads 

· Small 1/8” thick retaining plate for motor end cap

· Six machine screws: Two for each bulkhead to hole the halves together, two to hold the retaining plate in place in the front bulkhead

· One small screw and corresponding nut

· One threaded bar and four corresponding nuts
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High Speed Gear Coupler

· One small round aluminum piece, as shown.

High Torque Steel Gear Replacement 
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· Steel ring gear

· Aluminum retaining ring

5/8” Shaft Replacement and “Double D” Gearbox Adapter
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· 5/8" inside diameter roller bearing, press-fit into a custom bearing mount

· Drive output module, pre-drilled for the 3.5mm pins

· Front flange holder

· Optional 3/16” keyed, 5/8” shaft, customized to mate with the “double D” shape of the drive output module This may be purchased in a variety of lengths.
Assembly of the Brush Housings

Do not remove the stock brush housing without first removing the brushes!  To do this, use a small flat head screwdriver to “unbend” the small brass tabs that recede into the stock brush housing.  Notice DeWALT did not bend those tabs any more than 30 degrees.  These tabs are fragile, and you should not bend them excessively.  Then pry the brushes straight out, away from the commutator.  You can use the same brushes if you wish, but since you will be bending these fragile tabs again, consider obtaining some new (never bent) ones from your DeWALT service center.  It never hurts to have spares.
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Use a torx drive screwdriver to remove the two long screws.  (A flathead screwdriver may do if you don’t have one.  These screws can be discarded.  We have provided longer replacement screws.)   The stock housing will now slip off. 

Now you will assemble the replacement brush housings.  The aluminum ring goes on first.  The center hole on each side should line up with where the long screws will go.  There is no difference between the two sides of the aluminum ring.

Next, place the red timing ring over the aluminum ring, as shown here, viewed from the brush end of the motor. On each side of the timing ring are 7 holes.  For neutral timing, the center holes on each side should line up with the center holes of the first ring.  

Now insert the long replacement screws into the center holes of these two layers, and screw them in place with the same screwdriver as you used to remove the stock housings (Torx or flathead.)  Do not tighten the screws yet!

	STOP AND THINK: Wire, Connectors, and Capacitors

Consider these things before putting the brushes into the motors.
· These brush boxes are designed to mate with female electrical disconnects.  Whether you use crimp or soldered connectors, we recommend that after placing the disconnects, you should also solder them to the brass.  This is not only for electrical reasons, but also for mechanical security in combat.  A butane torch can help melt the solder thoroughly.  

· We recommend 12 gauge Dean’s Wet Noodle wire for these motors, and we have had good results with crimp style connectors.  Crimp tools and connector kits are widely available.  (Crimp connectors for 12 gauge wire are yellow.)

· Capacitors should be added to suppress radio frequency noise.  This can increase your effective radio range.  We recommend one 0.1uF capacitor per motor, rated for at least 100 volts.  It is a popular opinion that capacitors should be connected as electrically close to the brushes as possible, and this is true.  But given the configuration of these motors, this does not mean that the capacitor leads should go directly to the brush boxes.  Instead, it is best to run the heavy (12 gauge) wires out about an inch or so, then strip a small section of both wires, then wrap and solder the capacitor leads to the stripped sections of wire, taking up the entire leads, or cutting them short.  By using this method, the inductance of the leads will not be detrimental to the frequency response of the capacitors.
· Insulate all of this work with electrical tape as much as possible, but do not interfere with the spring action of the brushes or the commutator.


Before putting the brushes in place, bend the two “arms” of the brush boxes back slightly, so that the brass box is held away from the timing ring about 1/32 of an inch when fully inserted.  The brush should not stick as it slides through the brass box, so adjust bends as needed.  See the photo.  When the unit is assembled, these bends will increase tension between the two red pieces, keeping the brush secure and squarely aligned.  The aluminum spacers are 0.50” thick, and the brush boxes are 0.48” thick, so it is that difference that’s important.  There is no need to measure the bend precisely.  The small tab which fits into the slit in the timing ring should still enter the slit slightly.  You’ll get a feel for how much to bend it when the unit is assembled.
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Next, place the brass brush boxes against the commutator and into their positions against the timing ring, with the brush boxes’ three tabs in their corresponding recesses.  DO NOT bend the tips of the long tabs 90( into the holes!!!  This would break the tabs.  Bend the tips of the tabs about 30( into the holes, just enough to hold them securely.  Even without the butterfly, the brush boxes should stay in place from brush spring tension.

Place the aluminum spacers into their obvious position, with the heads of the long screws in their recesses.  There is no top or bottom of the spacers.  Place the “butterfly” over the end of the entire unit, with holes aligned.  Use a rocking motion so that the rubber boot is not distorted when the butterfly is fully seated.

Insert and tighten the four shorter screws supplied with your kit to secure the whole unit.  Do not over torque these screws.  Notice that the brushes are held very securely.

Finally, tighten the two long screws, which you left loose in an earlier step.  As long as you desire neutral timing, these long screws will never need to be removed or loosened.  If you change brushes in the future, do so by loosening the four short screws, removing the old brushes, inserting new ones, and re-tightening.  Remember to bend them slightly first.
Experimenting with Advanced Timing
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Neutral timing is best for most robots.  We suggest trying neutral timing first, and only consider advance timing if you still desire more power when driving forward.  The gain in power from advanced timing isn’t nearly as great as from increasing the voltage of your main batteries.  If you see no need for extra forward-driving power, your decision is made.


Advantages of advanced timing:

1) More power and speed when driving forward, but with less power driving in reverse.  This power is essentially “free”… That is, it does not consume more juice from your batteries.

2) If your motor is only intended to turn in only one direction (such as driving a spinning weapon), there is no reason not to use advanced timing, unless somehow you find it “too powerful”.

Disadvantages of advanced timing:

1) Your robot will be a little slower in reverse than it would be with neutral timing.  Your “retreat maneuver” may be important to your strategy.

2) If your bot can be driven upside down, advance timing will result in slower driving forward if your robot gets flipped.  (And faster reverse driving under that circumstance.)

3) If your bot is designed to spin in place by turning the driving motors in opposite directions, the wheels which push toward the front of your bot will be faster, so the center of a spinning robot may be slightly to the left or right of the true center of the machine.  This also depends on your robot’s center of gravity, traction, etc, which can have these effects even with neutral timing.  Since there are so many factors which can affect this, this issue may not be much concern for most builders.

You will notice that the red “timing ring” comes with 7 holes on each side.  To change timing, reassemble each brush housing to match one of the illustrations shown here.  Only the timing ring gets rotated, nothing else does.

The arrows indicate the “more powerful direction” of the output shaft’s rotation (the spindle) for each setting, as viewed from the brush end.

Typically, if you use advanced timing, the center illustration will be the configuration for your left wheels, and the bottom illustration will be the configuration for your right wheels.

Rebuilding the Gearbox with Replacements for the Plastic Gear

We’re going to take the gears out from the motor-side.  The gearbox does not have to be taken apart completely.  Don’t get the gears dirty… place them in a clean bowl as you remove them, not on a rag.  You don’t want fabric threads or dirt in your gearbox.  Leave the grease on each gear… Don’t waste grease by continually wiping it off.  If you do this carefully, you will not need to add any new grease, which is expensive stuff.

Before you start, it would be wise to find a rigid wire or tool that can be inserted down the center of the entire gearbox.  (Yes, it will go all the way through.)  If you purchased the Dustin motor mount, it came with a piece of threaded rod, which would be perfect for this.  See the tips below, which will make reassembly much easier with such a tool.

1) Remove the spring steel plate.

2) Remove the five planetary gears and the steel ring gear around them.  (Careful… inside each gear is either a bushing or needle bearings, depending on the unit you have.  These can easily be lost.) Remove the assembly with the five posts sticking up.

3) Remove the dreaded plastic ring gear.  If it’s goopy, smear some of the grease from it onto the teeth of the replacement, then throw the plastic gear away and swear at it.  If you have a gear retaining clip, you can remove it, swear at it, and throw it away too.

	If you’re using the high-speed option
	If you’re using the high-torque option

	Remove the four exposed planetary gears.  (You won’t need them, but keep them in case some day you want to use this motor in high-torque gear.)

Insert the gear coupler over the four exposed pins.


	Insert the Steel replacement gear.

Try to use as much of the original grease as possible, applied to the inner teeth of the new steel gear.

If you need to “stretch” your available grease a bit, a thimble of other Lithium-based grease may do.  This is NOT a legitimate alternative to DeWALT’s grease.  We use only DeWALT’s own grease.  Most greases will get runny at high RPM and leak out of the gearbox, so if you do this, only use a little to stretch what you have.

Insert the aluminum retaining ring.  This will hold the steel gear in place tightly, with no chance of coming out of gear.




5) Now to reassemble the gearbox in reverse order.  This is where the threaded rod or coat hanger wire will be very helpful:  Use it as a tool to center the parts you’re inserting, assisting with alignment of the planetary gears.  Thread the removed stage over the rod or wire, then push it through the center of the gearbox and let the removed part fall into place.  Unless you’re very lucky, the removed part won’t drop entirely into position.  Do not force it.  Rotate the part you’re inserting slowly, jiggling it slightly.  As you do this, the planetary gears, which touch the edges of the part you’re inserting, will rotate until they find a resting place that meshes with the part being inserted.  When all planetary gears are properly aligned, you will know it, because your inserted part will drop from its own weight, into position.  Be patient, jiggle and turn.  A few rotations should bring it all into alignment.  Forcing it won’t help, and may damage the gears.

6) When assembling the last stage, put the ring gear in first.  It’s easier to align one planet gear at a time.

Remember to keep everything dirt free, but leave the grease on the parts as you work.  Don’t even wipe your fingers, except to smear the stuff back on the gears.  

Assembly of the GearBox Conversion Kit for a 5/8” Shaft 
First, remove the stock end cap from the gearbox.  Simply clamp it in a pair of vice grips or heavy pliers, and wiggle.  Be careful that the gears don’t fall out.  The piece with the cross-shaped hole will now be exposed, so you can pull it out with your fingers.  Try to leave the five planet gears in, without removing them.  This will make later steps easier.  After removing this piece, put the rest of the gearbox on a shelf where it won’t be disturbed.

Now you need to remove the five pins from the existing “cross shaped hole piece”, which you will insert into its replacement.  To do this, place the unit on a vice and use a small hammer, plus any small diameter tool, to simply knock them out.

Now insert the same pins into the replacement with a few light hammer hits.  Keep them straight and vertical as you hammer them in.  The pins should be inserted no more than 1/8”.  With all five pins in place, drop the replacement steel piece back into the gearbox, with all its gears on its pins.  If you successfully left the planet gears in place, this will be easy.  Otherwise, put all five planet gears on their pins, and it may take some jiggling and turning to align all five gears before they mesh.

Now cover the adapter with the bearing and its custom aluminum mount.  Don’t worry if the replacement is somewhat loose, because when the mount is assembled, it will be very secure.

Assembly of the Mounts

This looks simple, but a few things may surprise you.  You could easily assemble this mount in a way that it would look right, but wouldn’t be tight, solid, and properly aligned as it should be.  You might even get by in practice, and wouldn’t know there was a problem until you lost in the arena.  So please read this.

You will need the help of a friend to do this.    

1) The bulkhead that goes on the gearbox is obvious from the gear-shape of the pieces.  Although the gearbox bulkhead comes in two halves, DO NOT place the bulkheads “around” the gearbox from the top and bottom, like handcuffs.  To do so would require some force, and that would distort the plastic and stress it.  Instead, assemble the two halves of the bulkhead first, forming a gear-shaped hole, leaving the two screws loose.

2) Shave away the six thin tabs of plastic from the very end of the gearbox, so that the gearbox has the gear-shaped pattern required to insert it into the gear-shaped hole when viewed from the end.  This can be done with a pocketknife.

3) The gearbox has a tab on one side with a hole for a screw to connect it to the motor.  This tab goes at the bottom, toward the base of the unit.  With this alignment, slide the gearbox into the gear-shaped hole consisting of the two bulkhead halves. 

4) Align the gearbox bulkhead to be straight and flush with the end of the black plastic, and tighten the bulkhead in this position with the two screws.

5) Place the retaining plate over the end cap of the gearbox.  Screw it in place with moderate force on the two screws.  You should now have the gearbox properly mounted in its bulkhead, without an attached motor.  Be careful that the gears do not fall out.

6) Bolt the motor to the gearbox using the one tiny screw and its corresponding nut.  Be careful when handling this unit as it is… It is very flimsy until you do the next few steps.

7) Place the second bulkhead on the motor, loosely.  Do not tighten it yet.  Make sure the holes for the reinforcement bar at the top are aligned in the two bulkheads.  If they are not, remove the motor bulkhead and turn it around the other way.

8) Place the entire unit on a very flat surface.   With the help of a friend, press the motor against the gearbox fairly tightly, while pushing the foundation against the table to keep it flat.  Slide the motor bulkhead to the position you want it with the spacing between bulkheads you need.  (This should be measured against the intended positions of holes in your frame.) Then, with everything aligned, tighten the motor bulkhead onto the motor.

9) Prepare the threaded rod by putting two nuts on it.   Turn them down so they’re near the center of the rod.

10) Insert the threaded rod into the holes of the bulkhead, from the inside.  DO NOT turn the two nuts to touch the bulkheads yet.

11) This step should not be done until the above steps are done: Put the last two nuts onto the threaded rod.  Turn them towards each other to push the bulkheads toward each other.  As you do this, the whole motor assembly will tighten the gearbox against the motor.  This is important, and it requires both bulkheads to be tightened already before this is done.  Do not over tighten to the point of distorting the plastic gearbox, but it should be firm.

12) With the whole assembly tight and solid, turn the two nuts that you left near the center of the threaded rod until they touch each of their bulkheads.  This will lock it all when you tighten them.

13) Now double-check the tightness of all the nuts and screws, and you have a properly mounted and aligned Dustin motor assembly.  Simply bolt the whole assembly to your robot frame and you’re ready to go.

You may wish to cut the threaded rod if it’s longer than you need, or apply Loctite to the screws and nuts.  If you do this, be careful not to get metal shavings or loctite near the motor’s brushes and commutator.

Frequently Asked Questions

Q: These motors are rated for 24 volts.  Why would I want to run them at 36 volts or more?

A: Actually, DeWALT doesn’t rate these modified motors at all.  Overvolting is a very common practice in combat robotics.  It increases the power of your motor dramatically, without requiring a bigger motor.  Often motors are rated with a substantial safety margin.  In the case of 24V Dewalt Hammerdrill motors, there isn’t much margin, because the stock brush housings can’t take the heat.  But using these brush housings changes that.  Other components of the Dustins can handle the greater voltage just fine.

Here’s another way to answer to this question… Sure, these are good robot motors at 24 volts, especially if you’re straining them in a pushing drivetrain or a weapon used to lift another robot or self-right.  But if you’ve been using them at 24 volts, you simply don’t know what you’re missing.  Give 36 volts a try, and you’ll more than DOUBLE their power!  (Or, even try 42 or 48 volts, and tell us how it goes!  Mind you, we haven’t tested this thoroughly.)

Q: How do I “break in” my motors?

A: This is important, as it affects the power of your motor dramatically.  One common way is to run your motors on the workbench from a big 12 volt battery (such as a car battery) for an hour or so, in BOTH directions with only the gearbox attached to the motor.  (No wheel or anything else.)  Run them for an hour, reverse the polarity, and run them again for another hour.  Notice the faces of the brushes are very smooth after you do this, and they will contact the commutator much better.  The gearbox will also operate more smoothly.

Q: Do you have DeWALT part numbers? 

A: Sure.  Call 1-800-4DeWALT and ask for your local service center, or visit…

 
http://www.dewalt.com/us/service/center_finder.asp" 


http://www.dewalt.com/us/service/center_finder.asp

Type your zip code to find a Dewalt service center in your area.  Call them, and order any of the following part numbers.  In our experience, the parts are either in stock locally, or they will have them in stock within a week.  They do not charge a fee for bringing items into stock for you to pick up.  Prices are subject to change.

Part numbers from DeWALT:

$38.25 389010-00 - Motor (includes 2 brushes) 
$36.20 388974-00 - Gearbox 
  $9.25 390087-00 - Spindle assembly (not for use with the 5/8” shaft adapter)
  $2.95 389014-00 - Spare brushes (priced per brush)

$24.95 284778-00 - Molykote grease for the gearbox 


