VP for Dummies

by Bill Gowen (olbill)

This is a tutorial on building a simple (but effget..) Variable Pitch (VP) prop, which would beatable for
PennyPlane or F1M. Many different methods and na$semay be used to construct a VP prop, but tlathod
produces a strong and efficient device.

| make PP hubs extra heavy because of the higlthatanques that are required in high sites. If tevauilding
this hub for F1M | would probably reduce the sliside to .015 and the spring size to .012. For Filink the
usual practice is .013 shaft and .009 spring heretlare hub designs that are probably better statetiat use
than this one.

Required Supplies

Okay... here's the hard part - gathering all th#f gbu'll need. Substitutions are possible footadf the things
on this list. Creativity is a virtue (and you midhtd a better way to do something!)

Materials

A piece of hard 1/16 square balsa several inches lo

A few inches of spruce or bass - almost any sizlewarrk.

Some .020 I.D. Teflon tubing. You can improvise ttus if you don't want to buy any but having this
will make your life easier.

One piece of .020 carbon rod a few inches longb@atow will work if you can't get this. Rod is bt
A few inches of .020 wire.

A few inches of .015 wire.

A piece of .040 to .050 wire for a spring mandrel.

Carbon laminate for a driver arm. | used 3 layérsaobon cap strip material glued together with CA.
Almost any kind of laminate will work here.

Tissue tubes for prop spars.

One 21 gauge hypodermic needle as long as possible.

One 22 gauge hypodermic needle as long as possible.

Thread. | used Kevlar but any other kind shouldie.

CyA Glue (thick and thin) (and fresh!).

Duco or Ambroid glue.

Several 00-90 nylon screws. 3 are needed but ybyprebably mess up a few.

Teflon washers.

Tools

Needle nose pliers.

A Dremel

Miniature drills (1/32", .020", .015" at least)
Dremel cut-off wheel.

An 00-90 tap.



Note that you can get most of the materials at lkstecked hobby shop, and some of the other lessnmon
materials may be procured from:

www.F1D.biz(music wire, carbon rod and cap strip, nylon ssrewd tap)
www.smallparts.confmusic wire, teflon tubing, hypodermic needle miatg
www.microfasteners.corfnylon screws)

Construction

Cut off the plastic part of the 21 gauge needleu ¥oght want to cut off the point also for safe®ynooth one
end of the needle.




Figure 2

Drill a hole through the 1/16" sq. balsa for thedle. This hole needs to be pretty well centeretisgjuare. It
took me 3 or 4 tries to get one | was happy withatk why | start with a long piece of balsa. Petheedle
through the hole with 3mm of the smooth end stiglont. This will be the back side of the hub.




Figure 3

Use a square of some sort to align the needle de§fkes to the balsa. Tack the needle to the hétisa
couple of TINY dots of CyA. Re-check the alignmant add a little more CyA. Repeat this proceduté te
needle is solidly glued into the balsa.




Figure 4

Cut the needle off flush with the front of the hard grind or file until smooth. I'm going to lea¥e balsa full
length for now to make the hub easier to handleifemext steps.




Figure 5
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Prepare the 22 ga. needle by cutting off the mastd and dulling the point. Glue the entire ne¢allihe front
of the hub with a few spots of CyA. Be sure thedheés centered in the 1/16" width of the hub and
approximately centered on the bearing needle.




Figure 6

Time to be careful! Cut out about 1/32" from thatee of the 22 ga. needle with a Dremel cutoff whBen't
cut into the balsa hub.




Figure 7

Take a couple of 1" or so pieces of .020 carborarmtisplit lengthwise. This isn't really as hardtasunds.
Just stand the rod up and use a razor blade puasivedinto the end of the rod. Once it starts tdt $plu can
just push the razor blade all the way down and I2asteaight pieces of rod. | actually split off semstill
smaller pieces for my hub. Glue a piece of rodacheside of the front and rear faces of the hulthémpicture
the rod on the near side of the hypo tubing is bagke but it's in the corner between the tubimjthe balsa.




Figure 8

Shows the carbon rods on the rear face of the hub.




Figure 9

Wrap each end of each of the 22 ga. hypo piecédsthiiéad and then coat liberally with glue. Usingcb or
Ambroid here will save some weight. Be sure to ¢esome space open between the thread wraps. This is
where the adjusters will be attached.

This might be a good time to make sure the hypedwye clear. You can run a piece of .020 wireuidinche
center bearing tube. If you spin the hub on thiewishould run absolutely true. The 22 ga. hypgortg on the
face of the hub can be cleared with.015 or .01@wir

There's a big temptation at this point to cut the Hown to the finished size. | think it's a godda to resist.
Having the extra material makes the hub easieatwlle while you're adding the rest of the parteréts really
nothing to gain by cutting it at this point.




(Alternate method for Figures 5, 6 and 7)

If you prefer you can put the carbon reinforcingtib@ hub before adding the hypo tubing to the fadribe
hub. If you go this route you will need to cut thygo tubing into 2 pieces before gluing to the Hbep a
piece of wire through the two pieces of tubing é& them aligned while being glued to the hub.

Don't put the tube on in one piece and then tigutat with the carbon already on the hub. The carbeeds to
be continuous across the hub and it would be vigfigudt to cut the tube and not the carbon.

If you're brave or just worried about weight youn d@ave off the carbon. You might also make theergpiece
out of bass or spruce and leave it unreinforc&EALLY don't like for things to break - especially a
competition - so | go a little overboard to makeffsstrong.

Figure 10

3 pieces of cap strip cut to a little over an inchength.




Figure 11

Cap strips glued together with thin CyA.




Figure 12

First 2 bends for the tophat in the .020" shafie $hort leg of the bend is around 1/8" long.




Figure 13

The next bend added.



Figure 14

The tophat bend is finished. This one is a litie @f line but is close enough to work okay. Thare various
methods and devices to do these bends accuratitythis one freehand with a pair of needle ndsep



Figure 15

Slot cut in the driver arm. | drilled 2 holes and the material between the holes out with a siedige razor
blade.



Figure 16

Trial fit of the tophat in the driver. | fit the va so that the part of the tophat that will be aggihe thrust
bearing of the model is flush with the driver. lstpicture you are looking at the side of the @lrithat will be
towards the hub. I do it this way to keep a flafate for the thrust bearing.



Figure 17

Line up the driver arm square to the shaft and vethk thin CyA. Recheck and add more glue. Continogll
the slot is full of glue.



Figure 18

Kevlar thread wrapped around the top hat and figd thin CyA.



Figure 19

A few wraps of thread are made on the oppositeddee driver arm to provide a flat surface foe thrust
washer.



Figure 20

The front of the prop shatft is cut off with abod8"lleft in front of the hub.



Figure 21

.016" holes are drilled into the driver arm. Thisgsis fairly critical. If the holes are not equtdint from the
shaft the pitch change of the blades will be défer | decided on a length for my hub of 18mm anited
these holes 10mm from the shaft to give 1mm ofraleze.



Figure 22

The finished driver. The next steps will be makihg adjusters. After that it is all downhill!



Figure 23

Measuring from the top of the balsa hub to theerine of the driver. (7mm on this hub)



Figure 24

| drilled a hole through the edge of a piece ofstasout 1/4" wide x 3/32" thick. My idea was to thg two
adjusters from the flat side of this piece usirgplenciled outline. By drilling the hole first Idhght the
adjusters could be aligned more easily. It tootaf hole drilling before | got one | was happythvi

The distance from the hole centerline to the entth@blank is the same as the measurement in F&jure
(7mm)

Those of you who have better craftsmanship skélts grobably figure out a better way to do this.



Figure 25

The adjusters split down the middle.



Figure 26

The adjusters carved to approximate shape. Apthirst | had determined that my adjusters were miokt
enough at the attachment point. | wanted about ®ingeparation at the point where the driver fiteusen
them. | added the 2 little bass shims to accomphigh Better planning next time will avoid thisoptem!



Figure 26A

This is an earlier attempt to make the adjustenes& had the same problem of not being thick enattte
attachment point. They could have been fixed tineesaay as the later set.



Figure 27

Adjusters ready to attach to the hub. Not prettytbat's what | get for working until LAM.



Figure 28

Yuck! | hate this part. Eventually there will be &20 carbon rod through both adjusters and the Tolgive
me a way of stabilizing the first adjuster | drdleéhe .020 hole in the adjuster, then stuck a paéeere through
it and pinned the adjuster to the hub. When thatlon was correct | tacked it with a few tiny dofghick

CyA. One of these ran into the joint and gluedwire into the hole. After much cursing and wiggliting
whole thing came off and | was successful on tlcerse try.



Figure 29

The second adjuster is glued on. Don't ask howl thds one. | don't remember. Put the driver as$gprbat
this point and check to make sure the driver isdiap with the holes in both adjusters. If all ilivthen drill
the .020 hole the rest of the way through the ertasembly.



Figure 30

This shows the carbon rod in the hole. | forgaiade a picture before the rod was cut off. | ds giep by
sticking a piece of rod an inch or so long throtigh .020 hole and then wick a drop of thin CyA oti® rod at
each side of assembly. I've had several adjusteng ©ff but never one that was pinned this wayadtn, | had
to reclaim some old adjusters to build the firsthese hubs and it almost required a jackhammgetithem off
of the hub.

The bottom holes in the adjusters will be tappedtie 00-90 screws but I'm waiting for the reappaae of my
00-90 tap to do this step.



Figure 31

Finally we can cut the hub to the right lengththis case the right length is determined by asseqithe
driver upside down and putting a piece of .015 whreugh the hole in the end of the driver. Shottenhub
until the end of the hub just clears this wireséd a Dremel cutoff wheel to do this.



Figure 32

The end of the night's work. There is one morestdjuo make for the preload adjustment. Since pnyng
making skills are not all that great I'm going taitwuntil after the spring is made to do the laftster. It is
simpler than the first 2 but it needs to be inrigat place to work right.

| apologize for mixing English and Metric measuresan this series. | normally work and think indglish
units but there are just some parts of this opanahat are easier to express in millimeters.

Almost donel!



Figure 33

This is a 3 turn .015 spring wound by hand on &0 @andrel. The length will be adjusted to fit Hpace in
the hub. The end on the right has a hook to gorartle driver arm. The end on the left has a 90esehend
coming toward you in the picture to engage thegatlscrew.



Figure 34

The block for the preload adjuster has been caanelthe screw hole drilled and tapped. I'm usimegetid of
the spring to locate the preload adjuster befarking it in place with thick CyA. Recheck the aligant and
then glue the adjuster to the hub all around.

Drill all of the screw holes a little undersize.pldaem with the 00-90 tap. Coat the threads wiith @yA and
then tap again. (after the CyA is dry!)



Figure 35

Drill an .020 hole through the preload adjuster Hredhub. Insert a piece of .020 carbon rod. Glitle thin
CyA and then trim away the extra rod. When the gdudry the excess wood can be trimmed away flugihh w
the front of the hub.



Figure 36

The hub with all the screws installed.

The screw in the preload adjuster has an .015drdled in the end. This is moderately difficult é@ freehand
but | got this one on the second try. You'll besatol see it better in the last picture.



Figure 37

Assemble the hub and prop shaft/driver assemblychedk the alignment. Correct as required.



Figure 38

The torque arms that do the pitch changing.



Figure 39

A close up of a torque arm. | bend the 180 degesel lhirst and then bend one leg down. Be sure nd beth
of these the same way so that both propeller blatlebe mounted the same way.



Figure 40

The finished hub! Cut a short piece of .020 IDdeftubing and push it over the front end of themsaft.
When the hub is 100% complete put a tiny drop wktiCyA on the end of the shaft to hold everything
together.

If the hub needs to be taken apart for a repaprang change or just for fun, you can remove dfiem tubing
and then disassemble the hub.



Figure 41

The opposite side of the finished hub. In this phaiu can see the end of the spring going intdtie in the
preload screw.

There are a few different ways to attach the pilagds. On my first hub of this type | put shortrspan the
hub with tissue tubes at the outer ends of thesspdid this because one of my PP prop spars bad broken
and a piece lost. | was able to extend the blaml#setdiameter that | wanted without having to ma&e ones.

Many American flyers attach the prop spars diretilthe hub. Many English and European flyers attasue
tubes to the hub so that the prop blades can beveimreplaced or adjusted. In general this secogitiod is
the one | prefer. The hub built in this series witbbably get stub spars like the first one sonl ese my
existing blades.



Figure 42

The rubber hook formed. The o-ring on my motor gitghe flat part of this hook and a piece of r&atnk
tubing slides over the o-ring and the hook to pnétangles at the bearing at the end of the maitor At this
point the hub weighs .36g.

There was a problem with the end of the springatdriver arm fouling my Harlan bearing. A littleriing
fixed it. The next time around I'll try to get atte fit for this.

One note of caution:
When you are deciding where to make the first dengour prop hook, be sure to put a couple of drefl

washers on the shaft first. If you make the fiestidh too close to the driver arm - well let's juest gou don't
want to have to deal with that problem!



