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Rheinbote was a WW2 German missile, not as famous or destructive as the V-2, but interesting in that it was a four stage rocket.  About 220 were fired at Antwerp in 1944, probably not doing much damage as the warhead only had 20kg of explosive.  (Sometimes the upper stage was not separated, to increase the impact weight.)  It had a maximum range of about 200km and an apogee of about 70km.

I first got interested in Rheinbote as a result of a thread on the newsgroup rec.models.rockets concerning the V-3.  This was not a rocket, but a big gun.  While searching for a website to show as evidence, I found Bert Hartmann's "Luftarchiv" site (now to be found at http://www.luftarchiv.de).  As well as enough photos to prove the point even to anyone who can't read German, this site also has pages about things which were rockets, including Rheinbote.  My first reaction when I saw the photos of Rheinbote was "it's long, it's thin, it's got decent fins; someone could probably make a flying model of that".  Then I read the specifications - four stages, six engines in the first - and thought "I'm going to make a model of that"!

The diameters of the real rocket's stages were 535mm (1), 268mm (2 and 3), 190mm (4).  The proportions of these aren't far off the proportions of the diameters of Estes BT-80, BT-55 and BT-50.  Stage 1 would have six 18mm motor mounts, with the nozzles angled outwards, partly for realism and partly to angle the thrust towards the CG to reduce instability if one failed to ignite.  The other stages would each have one 18mm motor mount.

There were a few technical problems to deal with.  First was ignition of upper stages.  The maximum distance between stage motors for gap staging is about 12", but the second and third stages of the model Rheinbote would be significantly longer than that.  Quickmatch would have to be involved.  As I'd never handled this stuff before, I started by making an expendable, simpler, two stage rocket out of a piece of grotty tubing, with a long booster.  This staged successfully but gave a significant lesson for Rheinbote.  The long booster came down ballistically even though it had no nose-cone.  Rheinbote's boosters would not tumble; they would need streamers.
	Since the booster body tubes needed to be clear to allow Quickmatch to be run between booster motors, I fixed the streamers to the inter-stage couplers.  When stage 2 was attached to stage 1, the lower end of its body tube slipped over stage 1's streamer.  When stage 2 separated, stage 1's streamer would be free to open.  The same applied to other stages.
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For venting, I drilled small holes into the top of stage 1.  Stages 2 and 3 had their motor mounts held in place, not by the usual centring rings, but by strips of balsa with thickness equal to the difference between the outer radius of the motor mount and the inner radius of the body tube.  The gap between the motor mount and body tube thus became a vent which would not be visible when the rocket was assembled.  To allow room for the coupler and streamer of the stage below, these balsa supports (and the centring rings for stage 4's motor mount) were attached quite far up inside the body tube, leaving 3" of exposed motor mount tube.  (To make each stage the correct scale length, the motor mounts of stages 2 to 4 extended beyond the ends of the body tubes.)

Rheinbote was ready for use at IRW 2000.  At John Bonsor's suggestion, I took it to the HPR site.  Either it would fail spectacularly (and be a bit scary for the model field) or it would go a long way and probably violate the 2000' NOTAM.  In fact, it did both.  Out of six C6-0's in stage 1, only five lit - I'd used separate igniters and my controller's battery wasn't quite strong enough to fire all six.  The five which did fire ignited the sixth, from the top end, when they burned out.  Stage 1 caught fire, and its destruction was completed when someone went to stamp out the flames.  But the five successful motors had launched the rocket straight, then ignited stage 2.  However, although the mylar booster streamers were each protected by a piece of thin Quest wadding, it wasn't enough, and the streamers were scorched by the blast from the next stage's motor.  Stage 2 therefore came in ballistic and damaged its coupler.  Stage 3 ended up in the forest.  Stage 4's shock cord detached; the nose-cone took the parachute over the hills and far away, but the main body tumbled into the field and was recovered otherwise intact.

	Despite the problems, the flight had been pretty well successful.  All stages had ignited and gone more or less on course.  (Stage 4 had apparently zig-zagged a bit, but this seems to be a feature of  thin, fast rockets with small fins and lots of nose weight - someone else had the same problem with a single stage rocket.)  So I decided to rebuild the lost or destroyed bits and repair the damaged bits, along with some redesigning.The motor mount of the new stage 1 is divided into two halves.  One half still takes C6-0's, and is partitioned so that if one doesn't ignite, the others can't cross-ignite it.  One mount is ducted up to the coupler to stage 2.  (If that one doesn't fire, the rocket will not go far and will flop down, probably taking a little damage, but will not self destruct!)  The other half takes C6-3's and ejects rearwards.  A small parachute is fitted to the ejecting half.

Instead of mylar streamers, stages 2 and 3 now have small strips of Nomex.  These are inadequate as streamers, but all they have to do is destabilise the boosters so that they tumble rather than nose-dive.  Also, the motor mounts have been reinforced; instead of the usual blocking ring, each now has an entire expended 18mm motor case as a motor block.  The long, exposed motor tubes are thus much stronger.
Thus rebuilt, Rheinbote returned to IRW.  And on 23rd August 2003, it returned to the HPR field for its second full stack flight.  This time, the stage 1 motors were lit by Quickmatch, and all lit.  Six C6's together make a very pleasant sound!  The parachute separated, so stage 1 lost a fin when it landed, but it fared better than its predecessor!  All other stages ignited successfully.  Stages 2 and 3 were tracked down by Richard Parkin and Andy Issott.  Stage 4 went a long way up, drifted a long way away, and was lost.  But that was to be expected, and anyway, it's the simplest part to rebuild...
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