Scale Model Design/Build

by

Chuck Snyder, F4B Team Member


A few years ago I set a goal for myself of building a model that would be competitive in the control line FAI Scale class.  A Hawker Typhoon from Brian Taylor plans and a Holman short kit was my first attempt but it didn’t work out.  In FAI there is a very high penalty for not having retracts on the model if the full-scale had them (25% reduction of the total flight score).  I made a prototype retract for the Typhoon and then loaded it up to see if it could handle the centrifugal forces that add to the retract loads.  Well the parts just collapsed! I decided to stay with fixed gear and fly the model in the Sport Class.  It also turned out that the Typhoon weighed more than the 6 kilogram limit for a single-engine model. 


So it’s back to the drawing board to find another model for FAI.  I’m not aware of any kits that are accurate enough to be competitive and small enough to meet the weight limit, so a scratch built model is necessary.  An added advantage of scratch building is that the model will also qualify for the Designer Scale class.  It is my opinion that just about any type of plane can be competitive, so I want to pick something that is neat enough to maintain my motivation throughout the lengthy building process.  I have several reference books and I’ve identified many planes that I would like to model.  In several cases I have started collecting more extensive documentation.  The decision finally came down to a choice between a 1933 Curtiss A-12 Shrike and a German WWII tankbuster, the Henschel 129.  I had already built an R/C Shrike at one sixth scale (88” wingspan).  People who saw it at the 2001 Nats thought it would make a good FAI model.  Since the design work was already done it only needed to be scaled down.  It is a fixed gear airplane and the only mechanical options would be flaps and fuel tank drop.  The Henschel could have more operating features: retracts, flaps, multi-engine, and bomb drop.  The Henschel gear folds straight back so the centrifugal load would not be an issue.  Both planes have simple flaps.  The Henschel carried the bombs externally so there are no bomb bay doors to fool with.  The A-12 carried 10 bombs internally—but the bellcrank would have to be where the bombs were.  The Shrike drop tank is the same complexity as the Henschel’s external bombs.  The multi-engine option with the Hs 129 is as close to a sure thing as there is, but the Shrike’s fixed gear would be easier to build and more reliable.  So how did I decide?


In FAI the cockpit has to be detailed.  The Shrike has two huge, open cockpits with lots of equipment visible.  The Henschel, on the other hand, had a very small single cockpit.  It was so small that the engine instruments would not fit on the panel and were located outside on the nacelles.  That was the deciding factor; I figured I could build the Hs 129 faster with only one little cockpit to duplicate!  And, with the Shrike I would have to figure out how to hide the elevator pushrod in the rear cockpit.


Henschel 129 Design


This is certainly not an original thought on my part, but Scale modeling is very much all about documentation.  I have three or four sets of drawings of the Hs 129 and they are all different!  I also have three books with many photos and a 1/48th scale plastic model kit.  So I studied the drawings and examined the photos.  Then I chose the set of drawings that I would use to build the model.  They have errors that the photos show, but it is standard practice to identify these in your documentation book.  The photos always take precedence during static judging.  Everything considered, the plastic model kit is probably the most accurate piece of documentation!

 Like just about every other airplane, there were variations and modifications during the Henschel’s production run.  In FAI competition you must provide a photo of the specific airplane you are modeling, so I had to pick a particular variant to model.  Basically I picked the paint scheme before I even started sketching the plans!  The plane I will build is an Hs 129B-2/R-2, serial number 0364, code GS+IN.  It operated on the Russian front.  I actually liked the North African paint scheme better, but I did not have any appropriate photos of a prototype.  Documenting the North African paint scheme was going to be a challenge too because the camouflage appears to have been field applied.  On the other hand, I have good documentation of the Russian Front paint.


The next thing I considered was overall size.  For a twin, FAI rules allow a maximum weight of 7 kilograms.  There is also a wing loading maximum of 150 grams per square decimeter (49.1oz/sq. ft.), so heavy models better have plenty of wing area.  I wanted to build “big” because, in my experience, the bigger models fly more smoothly.  At this point the design process degenerated to thievery.  I stole from Steve Ashby’s experience!  Steve has an outstanding Ki-45 Toryu twin-engine Japanese “Nick.”  It flies very well with OS .52 four stroke engines.  Steve told me it weighs close to the 7 kilo limit and its wingspan has been published in the model magazines.  I got my reference books out and did some reverse engineering.  I calculated the model’s wing area (approximately 840 sq in) based on the scale between the full-size and model wingspans.  I’ll build the Henschel with approximately the same wing area and a pair of OS .52’s.  Just like I said: pure plagiarism! (or the most sincere form of flattery)


Another factor was checked at this point.  For a model at the 7 kilo maximum weight a minimum wing area of 723 square inches is required to avoid exceeding the 150 grams per square decimeter wing loading specification.  So I want to build something with from 723 to 850 sq in of wing area.  At 1/7th scale the area would be 916; too big. At 1/8th we get 702; too small.  Back calculating from 800 sq. in. gives a factor of 1:7.49 and a wing span of 74.5 inches.  This seems like it might work out!  I wonder what size the spinner and wheels will be at this scale?  It is time to start measuring the documentation drawing and calculate a factor between the drawing and the model.  Wow!  The drawing is almost exactly 1/10th the size of the model.  I can measure, multiply by 10, (I’m old enough to be able to do that in my head without a calculator) and start to fit components.  The wheels will be 4” diameter at this scale and the spinners 2 ¼”.  (Note:  I learned later that the stabilizer area is also included in the wing loading calculation for FAI competition.  Hence the wing area could be less than calculated above.)


The only real design I did was on the nacelles, especially the left one.  The Henschel was under powered with 700 hp engines and the nacelles are small.  At the scale I chose they are only 5” diameter. (Steve’s Nick nacelles are over 6”.)  It took a lot of work to fit engine, muffler, tank, retracts, door closing mechanism, and leadouts into the nacelle.  There is nowhere near enough room for commercial retracts so I’ll have to build my own.  One of the retract drag links had to be made curved instead of straight to clear the leadouts when the gear are up.  But I got all 4.99 pounds of (whatever) in the 5 pound sack!  Well, almost. I could not fit the .52 four-strokes and hide the exhaust pipe and muffler.  But .46 two-strokes fit nicely and, with the use of a custom built Pitts’ style muffler the exhaust will exit in the scale location.


In order to have construction plans that exactly match my documentation, I took my documentation drawings to Kinko’s and had them enlarged by the calculated factor.  It appears that somewhere along the way with all the copying and scaling the enlargement did not come out exactly right.  I didn’t catch it until the wing was done, but the construction enlargement is not as big as I wanted.  Instead of 74.5” span and 800 sq in I got 72.5” span and 750 sq in.  I’ll have to work. So the final scale is 1:7.71.  The Nick is 1:7.67 so the thievery is complete!


Time to start building!

Building the “Panzer Jaeger”

(Tank Hunter)


You may recall that my first attempt to build an FAI model, the Typhoon, was unsuccessful because I could not build a set of retracts and the plane was too heavy.  So it seemed to me that I ought to start the Hs 129 by building some retracts.  I mentioned earlier that the nacelles are small and fitting everything into them would be difficult.  When I took mechanical drawing in high school the point was made that if you can’t draw it, you can’t build it.  So I started by drawing up the left nacelle.  Even though I still have the T-square and triangles, I design my models on flip chart paper that is lined with one inch square grids.  It is handy to use because I can “sketch” instead of “drafting.”  I started by locating the engine and tank with the constraint that I did not want to compromise the wing spars.  A six ounce tank was the biggest that would fit and there was no room for commercial retracts.  That meant I would have to figure out the geometry and linkage for homemade units.  I used drag links with basically the same geometry as the full-size plane.  To get exact dimensions I cut the strut and links out of construction paper and used straight pins for the pivots.  Some experimenting with the lengths of the various links is necessary to get the right movement and clearance within the wing.  The pivot for the main strut sits in the nacelle at a compound angle to allow the scale strut angles as seen in the front and bottom views.  My documentation drawings show the retracted wheel at an angle to the nacelle centerline.  Some of the other drawings I have do not show the wheel at this angle.  Well, I could not come up with any combination of compound angles for the strut pivot that would result in the wheel matching the drawing.  I finally gave up and figured that the static judges don’t get to see the gear retracted anyhow.  I settled for getting the strut at the proper angle both extended and retracted and the wheel at the proper toe-in and camber angles on the ground.  Well, guess what—when the nacelles were finished I cut the wheel opening per the goofy pattern on the drawing and the wheel passed through it perfectly!  It must be due to the curved surface of the nacelle.  The drawings apparently are correct as to the size and shape of the wheel opening, but maybe not right for the view of the wheel inside the hole.


There was not enough room for normal motor mounts so I used some aluminum angle stock that attaches to the engines via the backplate bolts.  The other flange of the angles will bolt to the top and bottom of nacelle structural box.  No firewall is required.  This system also allows removal of the tank for maintenance.


It was also necessary to design the bellcrank mount at this same time.  Clearance between the leadouts and retract links is minimal, especially since the leadouts have to clear the bomb drop mechanism too.  But it looked on paper like it would fit.  Drawings were made of the parts for the nacelle structural box and it was the first thing built.  The retracts followed and it looks like they are going to work.


Oh yeah, what about weight control?  The hole saws and Forstner bits are getting a workout on every piece of wood that is big enough.  Epoxy glue is a no-no, and I bought mini servos for the bomb drop, throttle, and retracts.  I have been check weighing as I progress and I am confident I’ll be under the 7 kilo limit.

Building with Balsa, Ply, and Glass

The Henschel starts to look like an Airplane


The wing, tail surfaces, and control surfaces are traditional built up structures and these are the first components I built.  I was going to do a foam core wing, but when I tried to hot wire a wing by myself it was a mess.  The built up structure is probably easier for fitting the working components anyhow.  The tail surfaces, ailerons, and flaps are finished through the primer stage before assembling to the wing or fuselage.  I find they are much easier to sand while separated.


The wing was framed up and the bottom surface sheeted before the nacelle structural boxes and “working components” were added.  The bottom skin provided a reasonable amount of strength and helped prevent breaking ribs.  It all went together pretty much as I had drawn it.  There are six servos, a double bellcrank, and two pneumatic valves in the center section.  The air reservoir is in the outboard wing.  The bellcrank is supported top and bottom to avoid overhung loads which could be a real problem with a plane this big.  I also used a #8 bolt instead of the #6 that comes with the bellcranks.  The wing and fuselage disassemble for transportation and maintenance.  I’m using a bolt-on ball link at the bellcrank to attach the elevator pushrod that has to stay with the fuselage.  The second pneumatic valve is for a set of 3/16 inch diameter pins that lock the LG struts in the down position.  I don’t want to have the gear collapse!  I have been using the Direct Servo Control function in a JR radio to control all operating features except the elevator in my C/L scale models. The DSC harness is wired into insulated control lines which in effect become a 65’ DSC cable.  I was able to program the computer radio to let me operate the lock with switches that my left hand can reach.  I can retract with one switch, but need two switches to extend and lock the gear.  The full-size Hs-129 had an access panel on the bottom rear centerline of the wing which I believe was a collection bin for the empty 20 mm shell casings.  I will make it functional and hide the electronics switch, pneumatic fill valve, and wing hold down bolt inside.


Except for the elevator, all the operating functions of my model are in the wing.  Once the throttles, bomb drop, retracts, and flaps were working I was ready to build the bottom of the nacelles.  I used a foam plug covered with fiberglass.  To do this I cut “formers” to match the cross sections on the documentation and glued them to the wing.  Then foam blocks were added between the “formers.”  These were easy to sand to shape and then glass was laid on with epoxy resin.  When the surface was finished through one coat of primer, I cut out the wheel wells and removed the foam plug.  Part of the glass shell became the landing gear cover doors and of course they fit perfectly.  The doors were hinged in what I believe is the same manner as on the full-size plane.  They are spring loaded to move to the open position.  When the gear retracts the tire hits a lever that closes the door.  From my study of photos of the full-size, I think this is essentially how the real ones worked.  The difference being that I believe the strut, rather than the tire, engaged the door linkage.


I checked, double checked, and operated everything in the wing to make sure it was right because once the top skin is added many of the components can’t be repaired or adjusted.  The top skin was installed and the wing glassed.


The tops of the nacelles are small and have lots of curves—the exhaust pipes come out here.  I did the foam and patterns procedure again and glassed it.  Rather than try to fit foam blocks, I used some stuff from the model railroad department called “Mountains in a Minute.”  This is a two-part polyurethane foam that expands to about twenty times its liquid volume.  It is very easy to sand and only takes a few minutes to cure.  I did not even try to remove the foam because it is sealed in and thoroughly stuck to the wing skin!  This turned out to be a very easy way to make all the compound curves.  That pretty much finishes the wing.


I decided to build a mold for the cowls.  The master was made out of foam and Bondo auto body filler.  The mold itself is a fiberglass and Bondo polyester resin layup.  It is actually a three-piece mold rather than two halves.  I had to do this to mold the step at the leading edge and the louvers that are about three-quarters the way back the cowl.  Fortunately a plastic coffee can lid is the right diameter to form the leading edge lip and that simplified making the three-piece mold.  While I was in the mold making business I also built molds for the spinners and the bombs.  The spinner mold is in a plastic pipe coupling that I can hold in my lathe.  This lets me bore the inside of the fiberglass part and greatly simplifies balancing the spinner.  Incidentally, I tested the spinners on a .40 with a 9/6 propeller.  I did not measure the rpm’s, but they had to be a lot more than the 9800 rpm that the 12” flying props turn.  The bombs are molded in two halves out of a couple layers of 2 ounce cloth.  I use the “Mountains in a Minute” polyurethane foam again when I join the two halves.  The bomb casing halves are trimmed to the mold parting line and then popped out of the mold.  To join the parts I place them back in the mold halves; mix a little batch of urethane foam; pour it in the cavity; and clamp the two mold halves together.  Note, the molds have alignment dowels, and there needs to be a vent hole to relieve the excess foam.  When the foam cures, open the mold and you have a perfectly joined bomb casing ready for fins.  The foam can be drilled out for hardwood dowel inserts for the screws that attach the brackets that latch to the drop mechanism.


In addition to the fiberglass molds, I made several parts in silicone rubber molds.  The fairing for the belly cannon has four smaller fairings that cover the attachment points.  These were made with one layer of 2 ounce cloth in a silicone mold.  All of the instrument bezels for both the nacelles and cockpit panel were cast from epoxy resin.  The propeller blades, both left- and right-handed, were also cast from epoxy resin.  Initially I thought I might have to reinforce them with some glass, but they proved to be plenty strong.


To build the fuselage I used the same technique as the nacelles with the exception that wood for the wing saddle and hold-downs was incorporated into the foam plug.  When the plug was glassed, these structural parts automatically get built into the finished fuselage shell.  One added advantage of glassing over foam is that when the part is “built” it is also just about ready to “finish.”


The wood components were glassed with epoxy resin, panel lines added, and a mixture of flush and round head rivets placed as best I could determine from the documentation photos.  The nine color paint scheme was done with K&B, Hobby Poxy, and Klass Kote paints.

More New Territory


Earlier I mentioned that the two-cycle engines could be equipped with Pitts mufflers so that the exhaust would exit in the scale location.  Well, naturally no commercially available mufflers would fit and align with the scale pipes.  So, I had to build my own.  I have read a couple magazine articles about mufflers and have used many original equipment and after market mufflers.  So, I knew next to nothing!  I thought large volumes were supposed to be good and I was pretty sure back pressure could be a problem.  I decided to build a muffler out of sheet steel and copper plumbing fittings.  I could silver solder these metals and hoped the joints would survive the exhaust temperature.  I had previously built a muffler for the four-stroke engine in the Curtiss Shrike, but the silver soldered joints came loose the first time I opened the throttle.  Two-strokes are supposed to have a lower exhaust temperature.  The first muffler was as big as I could make fit under the cowl.

It is testing time!  And, I had the good sense to get quantitative with the muffler experiments.  I have a tachometer.  I borrowed a noise level meter.  And, I set up a manometer to measure the muffler pressure in the fuel tank.  I measured rpm’s, noise at a couple arbitrary (but repeatable) locations, and tank pressure while operating the engine with the factory muffler.  This would become my reference baseline.  Next, I installed my homemade muffler.  Wow!  It made neither quiet nor pressure!  After five iterations of “brute force engineering” (make a wild guess and try it out), I had a muffler that was quieter than the factory version, but made more back pressure.  This was used on the initial flights of the model and probably led to engine overheating.  Finally, I remembered that I had saved a magazine article about mufflers and dug it out.  I applied the principles in the article and modified the high volume muffler.  I also built a smaller, lighter version.  Both exhibited similar noise attenuation.  The back pressure from the small one was right at the factory muffler level.  I built a second one of the small mufflers and flew the model with them.  Engine overheating was no longer an issue.


As an interesting aside, one of the muffler variants must have had a tuning effect.  With that muffler the test engine had a peak rpm 1000 rpm greater than any other setup and 1500 rpm better than the factory muffler.  I have no clue what made the difference.  My number one pit man and I both noticed that liquid water would come out the pipes when the big mufflers were in use.  I can only speculate that the large volume and surface area to cool the exhaust were sufficient to condense the water vapor in the exhaust. 


Scratch building a model for this level of competition is a major undertaking.  I don’t keep track, but I could have as much as 1500 hours invested in the Henschel.  It has been rewarding though, especially when it received the second highest static score at the 2003 Nats/Team Trials and earned a place on the U.S. Scale Team. 

However!

All did not go well at the Team Trials.  My electronics failed in flight due to corrosion on the DSC socket in the transmitter and the model came down very hard.  An entire new wing would have to be built before the trip to Poland in 2004.  But, while looking at the disemboweled Henschel on the ground at Muncie, the proverbial light bulb flashed above my head!  Seeing the nacelles in 3-D instead of as a 2-D drawing let me realize how to fit commercially available retracts!  All I had to do was move the nacelle structural box and tank off-center and there would be space for the retract unit.  Where is it written that all the internal stuff has to be symmetrical?  The new wing uses Robart retracts that incorporate an up-lock that the homemade units did not have, and are a little lighter. 


It was an intense year building a new wing before the World Championships and I did not have time to thoroughly test-fly the model.  One engine was challenging to set properly, but seemed to have settled in.

First W/C


The 2004 W/C’s in Poland were fantastic.  Visualize one of the old Navy Nats done to the nines and add in dancing girls!  The Henschel’s static score was a shock.  A 72 out of 100.  But, I stepped back and evaluated the scoring.  My first realization was that my standing was exactly in the middle of the pack.  I decided that having the median model at the World Championships was a pretty good accomplishment and began to feel better.  Later, I did a detailed statistical analysis of the static scores as compared to the Top Gun scores that year.  They are quite different and I personally think the W/C distribution is better.


Flying did not go well.  On my first flight the troublesome engine quit 4 or 5 times at idle and I never got airborne.  The second flight was OK.  On the third flight, the jinxed engine quit at high speed shortly after takeoff and I was barely able to save the model.  Such are the rewards of insufficient preparation.


I bought two new engines after returning home.  They have a much finer taper on the needle valves and are much easier to set.  They have been absolutely reliable.  The model flew well at the 2006 W/C in Sweden and earned me a place on the 2008 Team.  I sentenced the troublesome engine to death by firing squad.  The two well-placed rounds from my .223 varmint rifle were extraordinarily satisfying!

Learning Experience


I have come to the conclusion that your first competition model is probably not going to do as well as you had hoped.  You can’t learn enough by reading and watching; you have to go through the school of hard knocks.  That principal applied when I moved up to the much more rigorous FAI class.  The Hs-129 is a middle of the pack model at the W/C level.  But I now think I have learned what would be necessary to score better than that.  Whether I am willing to do that amount of work is another story altogether.

